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PEEPAOE 


i'wBNTY FIVE years have passed iinoe the pubbcation of the first edition of Watts* 
Dictionary of Chemistry began, uid it is now seven years since the second part of 
the last supplement was published 

Some time before his death, Mb Watts had agreed to prepare a new edition of 
his Dictionary, which should give as complete an account of the present state of the 
science as might be found compatible with the appearance of the book in four 
volumes of about 760 pages each Mb Watts had prepared Instructions to Con- 
tributors ^ and had wntten sixty- three pages for the new edition, when his death — 
which all chemists so deeply lamented — stopped the work It has fallen to us to 
take up the task dropped from worthier hands, and to endeavour to bnng it to 
a satisfactory conclusion 

Mb Watts' MS. is printed very much as he left it, subject only to some 
necessary condensation In preparmg a new edition we have found it necessary to 
rewrite the whole book Our instructions were that we should give as complete and 
satisfactory an account of the present state of chemical science as we could, con- 
sistently with the size to which we were required to confine the book We have 
been obliged, therefore, to adopt a very condensed style , the descriptions of in- 
dividual bodies are given in few words, abbreviations are freely used, and fonnuhf 
are frequently employed mstead of names m order to save space 

The onginal edition was called * A Dictionary of Chemistry and the Alhed 
Branches of other Sciences , ’ the new edition deals with chemistry only Consider 
able space was devoted m the onginal work to processes of chemical technology , 
the new edition gives no special mformation with regard to these matters. Tech- 
nical caemist y will be treated m a companion volume to be pubhshed under the 
editorship of Professor Thorpe The great importance of the appbcation of physical 
methods to chemical questions has made it necessary to consider these methods and 
th« results gamed by applymg them Hence m our enumeration of the properties 
0 ^ each element and compound we have moluded those physical constants whioii are 
of most importance to the chemist , and we also mtend to descnbe the leading 
physical methods of mvestigation employed m chemistry, and to give a shoii 
account of the chief results obtamed, m an article entitled Physical Methods used in 
Chemistry. This article will be divided mto sections, each of which will be wntten 
by a specially qualified author. 

After much consideration, it undecided to omit details regarding analytical 
processes. In ceitam cases, eg methods of detection are given rather 
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fully. But the new edition is not intended for the use of the analyst m the labora* 
tory. A sketch of the principles of analytical chemistry, and some account of the 
chief classes of analytical methods, are given m the article Analysts- We havo 
been especially anxious to arrange the matter m a methodical manner, so as to 
make the task of findmg the chief facts about any specified body^as httle laborious 
as possible Cross-references are freely used 

As mere descnptions of mdividual bodies m stnctly alphabetical order cannot 
suffice to give a fair notion of the present position of chemistry, we ^ave supple^ 
mented these descnptions by short general articles on classes of elements and 
compounds, e g Alkah Metals, Carbon Group of Elements, Oxides, Hydroxide, 
Hydrates, and Amines We have 'ulso devote^ considerable space tj articles Oa 
important theones, hypotheses, and prmciples pome of these articles may be found 
to overlap, e g , Chemical Change and Eqmhhnum, Chemical , but the great ipa- 
portance of the subjects treated m such articles is, m our opmion, sufficient warrant 
for devoting much space to their consideration, and for mvitmg different authors to 
treat parts of the same subject from different pomts of view 

One of the editors is responsible for the morgamc and general, and the other 
for the organic, chemistry in this work This division was absolutely necessary if 
the book was to appear m a reasonable time , and moreover the nature and arrange- 
ment of a Dictionary enables various writers to co-operate m its production without 
matenal mjury to the unity of the work 

We have been fortunate m securing the help of many contributors — Enghsh, 
Amencan, and Foreign — whose work and position enable them to speak with 
authonty on the subjects of which they treat 

We have had the advantage of the advice and assistance of Prof, G Carey 
Foster, r b s , and Dr W J Russell, p e s To these gentlemen, and to all our 
contributors and abstractors, we return our smeere thanks 

Each editor contributes an mtroduction to his special part It is hoped that 
the reader will not pass over these mtroductions, as they give the necessary 
explanations of the plan on which the book has been written The table of abbre* 
Tiations used is also important. 

H Fobsteb Mobley. 

M M pATTisoN Muib. 

March, 1888 



INTRODUCTION 

TO THE PORTION OF THE BOOK DEALING WITH INORGANIC CHEMISTRY 

Each element is described m its alphabetical position The account of the element is 
followed by accounts of its binary compounds and those compounds which may be oaUed 
double binary, m alphabetical order , e g hrormdeSy chlondea^ chlonodtdes^ aulphochloridea^ 
&c , but cyam/ides are placed together m one article There are also short articles on 
Bromides, Chlorides, Oxides, Ac , and an article is devoted to each class of elements, e,g 
Alkali metals, Carbon group of elements, Ac Ammomum is treated as an element 
so far as the descnption of the Ammonium compounds is concerned Each group of salts, with 
the exception of those mentioned above, is described under one headmg , e ^ all cofrhonates 
are described under the headmg Carbonates, all mtratea under the heading Nitrates, and 
so on The salts of any specified metal are not as a rule enumerated m the article devoted to 
the metal , but m a section of this article is given a short account of the salts of the metal 
considered as a class When some salts belonging to one class are marked off from the 
others member of the class, a short article is devoted to a descnption of these salts as a 
whole, Ac , thus there is an article on Alums, and each alum is described m the article 
Sulphates* 

The nomenclature adopted is generally that used m the Jov/maZ of the Chemical 
Society^ but it has not been thought expedient to attempt great stnctness m this depart* 
ment. Structural formulse are seldom used for morgamc compounds 

The term moleculwr weight is generally used only of those elements and compounds 
which have been gasified, and the specific gravities of which in the gaseous state have 
been determmed 

The term vaZency is only apphed to atoms, and is used to denote the maximuia 
number of atoms of hydrogen, fluorme, chlorme, bromme, or lodme with which one atom 
L a specified element is known to combme to form a gaseous molecule 

The symbol Aq is employed to denote an mdefinite quantity of water; whenAq ii^ 
adued to the symbol of an element or compound it means an aqueous solution of this body 
The following gentlemen have been so good as to prepare abstracts of the pa^Jrs 
dealing with morgamc chemistry which have appeared m the vanous journals smce the 
pubhcation of the last supplement to the first edition of this Dictionary — Messrs* Cosmo 
I Burton, William Burton, G J Hill, H A. Lawrance, Chas Slater, and Alfred E« 
Tutton I am much indebted to these gentlemen, and also to Miss Ida Freund, Le^Hurer 
m Chemistry at Newnham College, Cambridge, who prepared a translation of Prot 
Oslwald*s article on Affimty, and 1 beg to tender them my best thanks 


M M. Patxison Mvzn. 
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TO THE AETIOLES EELATING TO OBGANIO CHEMISTRY 

Oroanio chemistry probably includes a greater member of observed phenomena than 
any other science , it is, clearly, not possible to arrange the description of these m such a 
way that any one, ignorant of the method of arrangement, could readily obtain the mfor 
mation he required. The reader is therefore requested to look through this mtroduction 
before referring to any of the orgamo articles 

The general idea is to devote a separate article to each compound and to arrange these 
articles m strictly alphabetical order , exceptions are made m the salts of acids and of bases, 
the ethers, chlorides, amides, amhdes, and anhydrides of acids, the acetyl and benzoyl den> 
vatives of compounds contaimng hydroxyl (OH), amidogen (NH^), or imidogen (NH), 
the alkyl denvatives (ethers) of compounds contaimng hydroxyl, and the oxims and 
hydrazides of ketones and aldehydes , all these are described m the same article as the 
parent substance 

Theheadmgs of separate articles are in thick BLACK CAPITALS, the salts are m spaced 
type, the alkyl and alkoyl derivatives are m spaced italics^ derivatives of derivatives 
are m spaced type Subsidiary articles are m black type In descnbmg a compound 
the physical constants (e g melting pomt, boilmg pomt, solubility, refractive mdex) are 
first given, then follow the modes of formation and preparation of the body, then such pro 
perties as cannot be expressed numencally, and finally a hst of the chief reactions m which 
it plays a part Inasmuch as orgamo substances are chiefly characterised by their meltmg 
or boiling pomts, it has been thought desirable to give these immediately after the name 
and formula of each compound, so that they may be most readily found. The meltmg 
pomts are molosed m square brackets, the boilmg pomts m round brackets The modes 
by which salts, ethers, acid chlorides, and amides are formed from the parent acid are only 
given m particular oases or when the method used is not general , a similar remark applies 
to the acetyl- and benzoyl denvatives of compounds contammg hydroxyl or amidogen, and 
to the oxims and hydrazides of ketones and aldehydes Information on the preparation 
and properties of such denvatives will be found m general articles. 

Komenelature 

Constitutional names are usually employed, except when the constitution of a body is 
doubtful , cross references will be found under the tnvial names Many trivial names that 
have been almost umversally adopted are nevertheless retamed, e g anihne, aspartic acid, 
cinnamic acid, pyrocateohm, hydroqumone, resorcin. 

^ ‘ Vi»e names of hydrocarbons usually end m en>e or (wic, of phenols m ol, of bases m inc, 
and of mdifTerent bodies m m 

In nammg several substituting alkylst that with less carbon comes first, and when there 
is W equal number of carbon atoms the unsaturated alkyl comes before the saturated 
6.g methyl ethyl sucoimc acid, phenyl-naphthyl amme, allyl propyl malonic acid. Radicles 
containing a closed rmg, however, precede fatty radicles, unless there is great danger of 
amb^ity , m the latter case cross-references will be given. 

lEtherSt acetyl and benzoyl derwatvoes of hydroxyhc compounds are placed under the 
parent substance Thus amsole and phenyl acetate are described under * Phenol,’ as its 
methyl ether and acetyl derivative respectively So also methoxy-benzaldehyde is 
described under * Oxy benzoic aldehyde ’ as its methyl derivative. 
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Tetfa-atkylated ammomtm pompowttda are nsually described under the tertiary amine 
froxxf which theyiiare derived. Thus phenyl tn methyl-ammonium iodide is described under 
* di methyl anilme ’ as its methylo iodide 

Acetyl and heneoyl derivatives of amvnes are described under the amines to which 
tlfey belong, thu| acetanilide is descnbed under ‘ Anilme ’ as its acetyl derivative Deriva- 
tives of amline, methjiamine, Ac , contaming other alkoyls are usually described as the 
anihde, methylamide, Ac , of the acid from which they are derived , thus SO3 NEtH 
18 dee^^nbed as the ethylamide of * Benzene sulphomo acid * 

Bulphdrvio cund ccurhoxylic acids (whenever they are so named) are represented as 
derivatives of the hydrocarbon, not of the radicle, thus 05B[2(002H)4 is called ethane tetra 
carboxyho'aoid, not acetylene tetra carboxyho acid, and 08H4(S08H)3 is called ethane 
di ^phonjd acid, not ethylene di ||ulphomo acid. 

When a compound oontams b( veral substituents they are named m the foUowmg order 
Chloro , Bromo , lodo-, Cyano , fitro , Oxy , Armdo , StUpho^^ Ccvrhoxy In ohoosmg 
the naming group (1 e the group that is not to be represented as a substituent, but m the 
tenmnation of the name) the foUowmg is the order of preference CO^H, SO3H, CHO, 8H, OH 
and NHg Amidogen has precedence over hydroxyl m fatty compounds, but the reverse 
18 the case with aromatic compounds , thus we say oxy propyl amine, but aimdo phenoL 

Examples chloro bromo phenol, not bromo chloro phenol , chloro mtro oxy-benzoio 
acid, not mtro chloro oxy benzoic acid, nor mtro oxy chloro benzoic acid, nor oxy ohloro- 
mtro benzoic acid, nor oxy mtro chloro benzoic acid, nor chloro oxy mtro benzoic acid , 
Bulpho benzoic acid, not carboxy benzene sulphomo acid , amido phenyl mercaptan, 
not Bulphydro phenyl amme, nor sulphydro anilme 

Prefixes indicating position 

The letters «>, a, / 3 , 7, Ac , are employed to denote the position of substituents m 
an open cham of carbon atoms If the substituent is attached to the termmal carbon atom 
it 18 preceded by <u, while a, / 9 , 7, mdicate its attachment to the first, second, or third, 
atom of carbon reckoned along the cham from the termmal atom There are at least two 
ends to an open chain , the end to be reckoned terminal is determmed by the nature of the 
compound m monobasic acids it is the carboxyl, m alcohols the group CH^OH, and m 
general the group represented m the termmation of the name Thus CH^Cl CHI CHBr CO^H 
18 called 7 chloro a bromo B lodo butyric acid 

When a, /y, 7, Ac , are used m any other sense than that just explamed, they are mclosed 
between brackets , e g (/ 3 ) naphthol 

Exo> mdicates substitution m an open cham, Eso denotes substitution m a nng , these 
piefixes are used when the exact position of the substituent is unknown The prefixes o , 
w , ^ , {ortho f meta^ para) mdicate isomerism of the di derivatives of benzene (o p 454 ) , 
8 and u- are employed as contractions for symmetrical and unsymmet/ncal Thus s-di- 
phenyl ethane is CgHj CHg CH^ while u di phenyl ethane is (C8H5)3CH CHg 

In derivatives of qumolme {B ) signifies the benzene nng and {Fy ) the pyndme nng 
In nthraoene, aondmes, and azmes {B ) sigmfies the benzene rmgs, {A ) denotes the 
central nng 

Alphabetical Order 

In determinmg the alphabetical order, the foUovtung prefixes are discarded mono*, 
<f»-, tetrO’i pentory hexorj hepta , octo , Ac , per-, ortho , meta-, para-^ poly , exo , eso*, 
prim-t sec-t tert-t iso , pseudo , alio , a , ^ , 7 , » , v , n*, 0-, w-, ^ , s , c , tt*, t ,>(^ ), 

{Py ), {A ), and all numbers Of course when the entire name is numeral, e g hexadeoane, 
hexane, Ac , this rule does not hold Thus di bromo benzene is m the same article as 
bromo benzene , paraldehyde is associated with aldehyde, isobutyno acid with n bu^yno 
acid, Ac The prefixes pyro and proto do not belong to this class 

The presence or absence of hyphens between parts of a name m no way affects its 
alphabetical position , thus Benzylidene * precedes * Benzyl iodide * 

FormulsB 

Formulss, tp save space, are written as much as possible m one Ime A por 
tioa of a formula mclosed in brackets is usually supposed to represent a group 
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of mtonui more intimately connected with the gronpi represented by ^e preoedu^ 
eymbols, which are not m brackets, than with those following, e g. CH,(CO,H) 0H9.608H 
is saccmio acid. When numbers withm square brackets follow a formula they refer to the sub 
Btituentfl taken m the order m which they occur m the formula thus CgHgBr (N 0^) (COj|H) [1 2 6J 
IB used as an abbreviation for 0<,HgBr(N02)(C02H)[Br NOa COj^ - 1 2 6]^ ^e systcon hfire 
adopted differs, therefore, from that sometimes employed, acoorumg to which the above 
symbol would mean CgH3Br(N02) (C0aH)[C02H Br NO3 = 1 2 6] Constitutional formulffi are 
looked upon by the majority of chemists as nothmg more than a short way of mdi^atmg 
which atoms m a molecule are directly oombmed, and which are only mdirectfy oombmed 
with one another The followers of Van ’t Hoff and Wishcenus, however, suppose that con- 
stitutional formulBB can be constructed m the form of sohd figures which give soxhe notion of, 
the actual relative positions of the atoms in a molecule agree that it is by the use of in- 

stitutional formulffi that the remarkable development ofrorgamc chemistry has teen made, 
and that they cannot be abandoned until somethmg bettf r can be found to take their place 

It IS not possible to find space for discussing the reasons which have led to the 
adoption of each constitutional formula, where these reasons are not given, a carefdl 
consideration of the methods of formation and the reactions of the compound will probably 
reveal them. ^ 

Special Articles 

In a few articles a number of compounds are grouped together, m violation of the 
foregomg rules The longest of these are the articles on ‘ azo ’ compounds Other such 
articles are on the ammoma derivatives of ‘Benzoic aldehyde, ‘ on ‘Benzil,’ on the organic 
derivatives of * Antimony,’ * Arsemo,’ and ‘ Bismuth,’ on ‘ Camphor ’ and on ‘ Cellulose * 
The following general articles, amongst others, will also be found m this volume ‘ Acids,’ 
‘Alcohols,* ‘Aldehydes,’ ‘Alkaloids,’ action of ‘Aluminium chlonde,’ ‘Amides,’ ‘Amido 
Acids,’ ‘Ammes,’ ‘Analysis,’ ‘Anhydrides,* ‘Aromatic Senes’ (see also ‘Benzene’), ‘Azo 
colourmg matters,’ ‘Diazo compounds,’ and ‘Bromo- compounds ' 

Contracted Expressions 

Smce the date to which Watts had brought the record of chemical discovery, the 
number of orgamc compounds known has doubled, nevertheless the space allotted to them 
m the present dictionary is little more than a quarter of that devoted to orgamc chemistry 
m the original dictionary and its supplements It is evident that there must be extreme 
compression, and this compels the free use of abbreviated expressions , it is hoped, however, 
that a reader who has once made himself acquamted with the nature of these abbreviations 
will find that they are very convement In the first place, the symbols of a few common 
reagents are used m the text with purely quahtative meanmg, although when connected 
m an equation they are used m the ordinary sense The great savmg of space (about 200 
pages) has compelled the use of this convention, which would be reprehensible under any 
other circumstances The use of the contractions ‘ v si soL ,’ ‘ si sol ,’ ‘ m sol ,’ ‘ v sol ,’ 

* V e sol ,’ and ‘ sol ,’ for ‘ very shghtly soluble m,* ‘ slightly soluble in,’ ‘ moderately 

soluble in,’ ‘ very soluble m,’ ‘ very easily soluble m,* and ‘ soluble m,’ enablei^ solubilities 
to be given m the case of many himdred compounds where space would otherwise have 
compelled their omission. Of course these terms are vague , where numerical data have 
been determmed, they are usually given m the dictionary, preceded by the letter S Par- 
ticular attention should be paid to the exact meanmg of these numbers , they denote the 
nufaB^r^ grammes of a liqmd or sohd dissolved by a himdred grammes of the solvent, but 
the number of volumes of a gas dissolved by one volume of the solvent Soluble, used as 
an a^eotive, the menstruum not being named, means soluble m water * 

CeastaatB 

Numencal constants are not given m the form a bt + et*, &o t since such expressions 
not only take up a great deal of room, but are usually worthless, because slight errors of 
experiment produce an enormous effect upon the constants b, c, Ac , in such cases one or 
two actual observations, of a kind likely to be useful m identifymg thi|^ substance, have 
usually been selected. 
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It is unfortanate that there is a want of onifonnity among anthors in the method of 
recording physical constants. Speovfio grav%h69 are given by most authors without any 
mention of the temperature of the water that is taken as standard. Some take water at CP 
some at 4% and others compare the substance with water at the same temperature as itseH. 
Taking the specific gravitv of water at 4® as unity, that at 21® will be *998 , that is to say, 
for a substadoe whose Sj^^eoific gravity is about 1 we may make an error of *002 by assummg 
that the author used water at 4® as a standard, whereas he really used water at 21®. Under 
such Circumstances it would be preposterous to give four places of decimals, and such 
indefimte 8^>ecifio gravities have been cut down to three decimal places, and even then the 
last figure is somewhat doubtful 

HeaU of formation are usually calculated on the assumption that the heat of formation 
of 44 g of carbonic acid is 96,96Q, and that of 18 grms of water is 68,360 , Stohmann, 
Bodatz, and Herzberg, however, se 94,000 and 69,000 respectively, hence their heats of 
formation are not directly compan ble with those of other observers 


Molecula/r refraction is the value of the expression M 



where M is the mole 


oular weight, fi the mdex of refraction, and d the specific gravity of the hquid at 20 
compared with water at 4® (Landolt, P 128, 696 , Brtihl, A 200, 189) Other constants, 

such as have also been used , these are of course not comparable with those first 

mentioned (cf Brtihl, A 285, 1) 

The specific rotation is given by most observers for a tube of hqmd 100 mm long, but 
many French chemists use a 200 mm tube as a standard, and some even 60 mm When 
the length of tube is stated it is easy to apply the correction, but when, as is often the case, 
an author does not give the length of tube, his numbers are mdefimte 

The rotation measured for the neutral tmt is of course not the same as that measured 
for the sodium Ime, yet authors occasionally fail to mention the kmd of light employed 
The angular rotation ought to be divided by the specific gravity of the hqmd durmg the 
experiment, m order that the effect of equal weights of material may be compared , yet it is 
to be feared that many authors neglect to perform this division, and also to mention that 
they have not done it 

Authors frequently fail to state whether their meltmg and hoikng povnts have been 
corrected for the exposure of part of the stem of the thermometer This may make a 
difference of 6®. The immersion of the whole of the mercury m the hquid or vapour is 
mdicated by i.V. 

Beferenoes. 


Where the same paper is referred to several times m the course of one article, the full 
reference is given once, and m other places tbeie will be found the first letter or the first 
two letters of the author’s name, mclosed withm brackets , thus, if (Perkm, C J 46, 890) 
and (F ) are found m the same article, the (P ) is a contraction for (Perkin, C7* /• 45, 890). 


Short Article Expanded. 

In order to make sure that the contractions employed are thoroughly understood, a 
•hort specimen article will be expanded by simply exchanging the contractions for their 
equivalents — 

Bromo-di-oxy-bensoio acid C„H^r(OH),CO,H [« 2 6 1] [184°, anhydrous] Prom c-di ox^j- 

benzoic acid in ether and Br (Zehenter, M 2, 480) Pnsms (containing aq) , v soL alcohol, 
V sL sol water FegCle gives a violet colour to its aqueous solution — A^'aq — BaA^s7j^aq — 
EA^l^aq 

May be expanded thus — 

Bromo-di-oxy-bensoic acid OjH,Br(OH),CO,H[Br OH OH 00,H»ar2 6 1] melts at 184° after it 
has been deprived of its water of orystalhsation It is formed, according to Zehenter {Monatshefte^ 
vol 2, p 480), by adding bromme to an ethereal solution of concccufioe di-oxy-benzoio acid oxya 
talhses m pnsms, and the crystals contain one molecule of water of oiystallisation to each molecule 
of the aoid These crystals are very soluble m alcohol, but very slightly soluble m water Feme 
ohlonde colours its aqueous solution violet. It forms the following salts 0«H^r(0H)^00,Ag,Hs0 , 
JO,H^r(OH),COs|^a,7 JH^O , and 0«H^r(0H),CO*K, l^H^O 
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Komenelatnra of Elngi 

Besides the hydrocarbon rings, represented by benzene, m^hthalene, phenanthreue, 

anthracene, mdonaphthene CeH 4 <^ 2 *^CH, tn methylene \ , tetra methylene 

OH^ — OH^ ^CBL CELnw * 

I , penta methylene ^ ’ there are a great many rmgs con- 


CETg— >CH^ 


tammg other elements. Some of these are collected here for oonvemence of referenoe It 
will be noticed that glyoxalme and metapyrazole differ only m regard to the position of one 
atom of hydrogen The exact structure of rmgs contammg five or six atoms is uot known , 
some alternative formulae will be found on p 446 

Nitrogen ing compound 


CH^CHv 
1 >NH Pyrrole or Pyrrol, 

ch=ch/ 

HN~OH^ 

I ^CH Pyrazole 
N==CH^ 

H,C-N. 

I ^CH Metapyrazole 
HC-N^ 

CH— NHv 

II aCH Olyoxahne 

CH — 


N CH. HN CH^ 

I >NHor I Tftazole 

N CH^ N CH^ 

The di oxy denvative of the second form of 
tnazol has been named ‘ Urazole ’ by Pinner 
N = N. 

I \NH Tetrazole 

N=CH/ 


ca.-cH^ 

I ^NH Pyrrolidme 

CHj — CHj' 

* Pyrroline ’ has been used by some authors 
for Pyrrole dihydnde ‘ Pyrroline ’ in the ab- 
stracts in the Journal of the Chemical Cociety 
means Pyrrole. 


Pyridine 


CH-CH-CH 
II I II 
CH— N — CH 

CH— N— CH D 

II I II Pyrazine 

CH— N— CH ketines) 

CH— N — CH 
II I II 
N — CH-CH 


Pyrimidine 


.CHv 

c^/l >NH 
\n 


and (psendo) 


Indazine 


Indole. 


c.h/T\c .H* Phenaetns 
\n/ 

t I Naphthazine 


^ Phenazoxine 


CHj — CH 2 — CHj 
I I Piperidine 

CH,— NH-CHj 

CH,— NH-CH„ 

I I 

CH,— NH-CH, 


Piperazine 






CH CH 


Quinoline 


*\ I II 

CH 

.CH-CH 

I 11 Isoguinohne, 
\CH-N 


.N-CH 

CjH^^ I II QuinoxaUne, 
\N-CH 


.CH— N 

I I 


CH 
CH-CH 


Quinazoline 


o.h/! ii' 

\N — N 


Cinnohne 



UmiODUCTlON 


Zlll 


Oxygen rvng compotmda 
CH«^CHv 

I ^0 Fwrfwane 

CH-CH^ 

Joumarone 

O 

Bmeodifur/urane 


Sulphur rtng compounds 


CH«CHv 

TJmphens, 


CR^OW 


CH«OHv 

I >S 

CH=CH'^ 


Thiophthene 


*rhe members indicating position in compounds of naphthalene are as follows,-- 

r 1 


4' 4 

The positions 1, 4, 1', 4' are termed (a), while 2, 8, 2', 8' are called {$) Quinoline is 
numbered thus , — 

1 1 

CH CH 

/^ \ y \ 

2 HO C CH 2 

I B \ Py \ 

8 HC C CH 3 

\ ^ \ ^ 

CH N 

4 4 



Thus {B 4) bromo (Py 3) oxy quinoline would be 

CH CH 

HO C CH 


Pyridine is numbered thus 


HC 0 C OH 
CBr N 


CH 

/\ 

6 HC CH 2 

6 HC in 8 

V 


4 

One of the assumptions made by the recent doctrme of tautomensm is that a lactam 
CO NH can readily change into a lactim C(OH) N, and that the group CO CH^ can change 
into C(OH) CH It is obviously expedient to describe two compounds which are mutually 
interchangeable, if not identical, m the same article, hence rmgs contammg CO NH or 
CO CHj are named as if they were hydroxyho compounds of the form C(OH^N and 
C(OH) OH. 

Laotonei and Anhydrides 

Lactones and anhydrides are ususJly described under the substance from which ^Jhey 
may be derived by the abstraction of water , thus, butyro lactone will be described under 
oxy butyric acid. 

Prefixes disearded 

The prefixes homo , hydro , and mono are not used The hydro- compounds ^of un 
saturated bodies are, if saturated, named m the usual way , thus hydro-einnamic acid is 
phenyl propiomc ftcid The hydro derivatives of rmg compounds are described as hydrides 
of the simpler compounds from which they are derived e g di hydro phthalic acid as 
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phthcbltc acx^ dihydnrtde Compounds begmmng with homo must be re named : thus 
homo sahojiio acid is oxy tolmc acid 

HTpheni 

Hyphens are placed between each significant part of a nan e , absence of the hyph*.n 
usually mdicates close connection between t^o groups of atoms, eg phenylMhyl urea is 
CjHj O2H4 NH CO NHj while phenyl ethyl urea is O^HjNH CO NHC^Hj. 

Ambiguous names 

A number of names have been used m several senses by different authors ; it may 
therefore be well to mention the names chosen m some of these cases The terms cyanide 
and isocyamde are altogether discarded, carbarmne and mtnle being used msteadj Cyanate 
IS used for ordmary potassium cyanate and ohe ethers tb/ 1 may be derived therefrom , the 
corresponding sulphur compounds are described as aul hocyamdes and thw carhvnitdet 
(mustard oils) Cxnnamyl is CgH^ CH CH CHg, the acid radicle CeH^ CH CH CO bemg 
cmnamoyl and CgHg CH CH is termed atyryl 

Tolyl 18 used only for CH^ CgH4 and not for benzyl CgH^^ CH^ nor for CHg C4H4 CH^ 

Cresyl is not used as a name Xylyl is only used for (CH5)3CgH3 , not for 
CHj C3H4 CH2 nor for (CH3)jCgH3 CH^ Dti/rene is used as synonymous with tetra- 
methyl benzene 

Discarded names 

As it commonly happens that seveial names have been given to the same compound, 
it may be well to give a list of the names that have been chosen m a few cases. 


Carbamic ether is used instead of 

Urethane 

Urea „ 


Carbamide 

Thio carbimide „ 


Mustard oil 

Tolylene „ 

»» 

Tolnylene 

Methyl-pyridine „ 

») 

Picohne 

Di methyl pyridine „ 

»♦ 

Luttdtne 

Tri methyl pyridine „ 


Colhdine 

Methyl thiophene „ 


Thtotolene 

Di methyl thiophene „ 


Thioxene 

Oxy pyridine ,, 


Pyrido^ie 

Methyl quinohne „ 


(^inaldina 

Diqumolme „ 

tt 

Diqutnolyl 

— hydrazide „ 

»» 

— tnne 

(B 1)- 


ana- 
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\BBBEVIATIONS 


* I JOUBNALS AND BOOES 

on author has been mentioned vn an article^ he is usually referred to there after 
%n that article by his mtUal only 


A 

A A 
A Ch 
P Am A 
Am 

Ann M 
Am 8 
A C J 
Am Ch 
Am J 
Pharm 
An 

A Ph 8 
Ar N 
Acad 
Ar Ph 
Ar Sc 
B 

B A . 
Bl 

B B . 
B C 
B J 
B M 
C 8 Mem 
C J 

C JProc 
C N 
C B, 

C C 
D P J 
Fr 
O 

0 A . 
H . 

1 . 

J 

J C T 
J M 
J dePh 
J Ph 
J pr 
J Th 
J B 
J Z 
L V 
M 

M 8 

8 

d'A 

Mem B 
F 

F Ed PJ 
N J P 


Liebig’s Annalen der Chemie 

Annales de la Sooiedad Cientifioa Argentina. 

Annales de Chimie et de Physique 

Proceedings of the American Academy of Arts and Sciences. 

American Chemical S^onmal 
Annales des Mines > 

American Journal of Science 

Journal of the American Chemical Society. 

American Chemist 
American Journal of Pharmacy 

The Analyst 

Proceedings of the American Philosophical Society. 

Archives n6erlandaiBe8 — The Hague 

M4moires de TAcad^mie des Sciences 

Arohiv der Pharmacie 

Archives des Sciences phys. et nat 

Beriohte der deutschen chemischen Gesellschaft 

Keports of the British Association 

Bulletin de la Sooi4t6 chimique de Pans 

Berliner Akademie-Benchte 

Biedermann’s Centralblatt fur Agricultur Chemie. 

Berzelius’ Jahresbenchte 

Berliner Monatsbenchte 

Memoirs of the Chenuoal Society of London 

Journal of the Chemical Society of London 

Proceedings of the Chemical Society of London 

Chemical News 

Comptes rendus hebdomadaires des Stances de rAoad6mie des Sciences — 
Pans 

Chemisches Central Blatt 

Dmgler’s polyteohmsohes Journal 

Fresenius’ Zeitsohnft fur analytische Chemie. 

Gazzetta chimioa itahana 

Gilbert’s Annalen der Physik und Chemie 

Hoppe Seyler’s Zeitsohnft fur physiologische Chemie 

Prooeedmgs of the Boyal Insh Academy 

Jahresbenoht uber die Fortsohritte der Chemie und verwandter Theila 
anderer Wissenschaften 
Jahresbenoht ftir Ohemische Technologie 
Jahrbuch fur Mineralogie 

Journal de Physique et des Sciences accessoires* 

Journal de Pharmacie et de Chimie 

Journal fur praktische Chemie 

Jahresbenoht uber Thierohemie 

Journal of the Bussian Chemical Society 

Jenaisohe Zeitsohnft fur Mediom und Naturwissensohaft. 

Landwirthschafthohe Versuohs Stationen 

Monatshefte fdr Chemie und verwandte Theile anderer WissensohaftaxL 
Le Moniteur Soientidque 
MAoaoires de la Soci6t6 d’AroueiL 

M^oires oouronn^s par PAoadSmie de Bruxelles. 

Nature 

Now Edinburgh Philosophical Journal* 

Neuer Jahresbericht der Pharmacia. 
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la 


le 


Aq 

•q 

^ 1 

A'' 

A"' I 

11 B"ctc 


cone or 
cond 
dH 

ninrn 

wim 

mol 

oil 

ppwppt 
to ppt 
pptg or 
• rpe 

ppA or 
ppxd 
col 


II Tcaiis AM> QrA^irni.«i, Ac , rrcQursix^r i srn 

Water , e r N iOIIAcji means an aciuPouB solution of caustic coda 
IH puis h> ibf i^ht of iicitf r 

BesiduLB of mono , di and tn basic acids TIiiir, m dpscribing the nalts 
of a monobasic acid NaA' CaV' AlA , miv lie inrittcn li\ standin,; 
for the acid luir i elibasioacid ae slioiild lii ite Na A", € aA A1 A' , Ac 
Stand for bases of the ammonia t\ pc inch ciihiii|^ their silts ^lius the* 
h^diochloiiile ooiilel bo BllCl or B"21101 aceonliug as the babe u 
monae id or diacxd, Ao 
Conoentrated 

Dilute 
gram 
millif;ram 
millimr tre 
molecule 

lujuid, nearly, or quite inBoluble in aatoi 

precipitate 

to precipitate 

precipitating 

precipitated. 

soluble IB 
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XIX 


Insol 

V 9 aei 
r boL 
m. sol 
si sol 

V si sol 

V 


o 



±a 

At Vs 
Mol \t or 
M w 
D 

corr or cor 
uncorr or 
unoor 
i V 
V D 
S G 
SG 
S G 
SG ^ 


SH 

SH 

BH 

HC 


V 

P 


HC V 

HC p 
HF 


HF V 

HF p 
H V 


TO 
S V 


s vs 

E C 

( 10 ° 
to 20°f 


S 

B (aloo 
hoi) 

f^0 ^ 

Md, &0 
BpV 

Bd • 

[«]d 

Wj • 


insoluble in. s 
vefy easidj ^ 

▼ery 

xnodaraiely soluble m. 
slightly I 
very slightlj / 
see 

compare 

about 

a melting point, 
a boiling point 
Hardness (of minerals)* 
Atomic weight 
Molecular weight. 

Density 

corrected 

uncorrected 


in vapour 

vapour density, t e density of a gas compared with hydrogen or air 
Specific gravity compared with water 

,, „ at 10° compared with water at 0° 

>> »» »» 15° ,, ,, ,, 4° 

, „ „ 12° , compared with water of which the temperature is 

not given 
Specific heat 

,, ,, of a gas at constant volume 

,, ,, „ „ „ pressure. 

Quantity of heat, in gram units, produced during the complete com 
bustion of the mass of a sohd or Uquid body represented by its 
formula, taken m grams 

Heat of combustion in gram units of a gram molecule of an element or 
compound, when gaseous, under constant volume 
The same, under constant pressure 

Quantity of heat, in gram umts, produced during the formation of the 
mass of a solid or liquid body represented by its formula, taken in 
grams, from the masses of its constituent elements expressed by 
their formulae, taken in grams 

Heat of formation of a gram molecule of a gaseous compound from the 
gram molecules of its elements under constant volume 
The same, under constant pressure 

Heat of vaporisation of a hquid, t e gram units of heat required to change 
a gram molecule of the liquid compound at B P mto gas at same 
temperature and pressure 
Thermal conductivity (unit to be stated) 

Specific volume , or the molecular weight of a gaseous compound divided 
by the S G of the liquid compound at its boiling-pomt compared with 
water at 4° 

Specific volume of a solid , or the mass of the solid expressed by its 
formula, taken in grams, divided by its S G 
Electrical conductivity (the unit is stated in each case) 

Coefficient of expansion (between 10° and 20°) 


r of a gas «= volume dissolved by 1 volume of water 
Solubility in water I of a liquid or sohd = number of grms dissolved by 
,, ,, alcohol I 100 grms of water In both oases the temperature 

VIS stated 

Index of refraction for hydrogen Une /3 
„ „ „ sodium „ i>, Ac 

Molecular refraction for sodium light, i e mdex of refraction for line d 
minus one, multipUed by molecular weight, and divided by S Q at 15^ 
compared with water at 0° 

The same , S G being determined at 15°-20° and referred to water at 4° 
The same for Ime of mfimte wave length, mdex being determined by 
Cauchy’s formula (Brdhl^s Ba) 

Specific rotation for soffium bgnt 

M t* ft neutral tmt a » observed rotation for 

100 mm of hqnid d » S Q of liquid p -> no of grammes of active 
Substance m 100 grammes of liquid 



ABBREVIATIONS 


tx 

M M 


Ao • « 
Bz • • 
Cy . . 

Et 

Me 

Ph 

Pr 

Pr 

K, R cto 

p9i7n 

tei t 
n 

m, o, p 
c 
% 

s . 

u , 


a 

J3 

7 


f 

i 


a, /3, 7 , etc 
1,2,3, etc 

(«)- w. 

etc 


(•B) 


(^) . . 


e$o I 

exo 

alio 

thio 

Bulpho 

Bulphydro- 


Molecular magnetic rotatory power == where m « moleoulai 

weight of the body of S G a = angle of! rotation unr‘er magnetic 
influence, a' = angle of rotation of water u' ider same influence, anil 
m' ■» molecular weight of water 
Acetyl OoH^O 
Benzoyl CylijO 
Cyanogen CN 

Ethyl CgH, V 

Methyl CH, f 

Phenyl CeH^ hm formula 

Normal Propyl CHg CH, i 
! Isopropyl CH(CH3)2 ' 

1 Alcohol radicles or alkyls 
I primary 
* secondary 
tertiary 
I normal 

I meta- ortho — parEU 
) consecutive 
i irregular 
symmetrical 
unaymmetncal 
pseudo 

attached to nitrogen 

Employed to denote that the substituent is attached to a carbon atom 
which 18 next, next but one, or next but two, respecti\ely, to tht 
terminal carbon atom The end to be reckoned from is determined 
by the nature of the compound Thus CH, CHBr CO^H is a bromo 
propionic acid 

denotes that the element or radicle which follows it is attached to a ter 
minal carbon atom 

indicate position in an open chain, only 
indicate position in a ring only 

Used when o, 0, &c are employed m a s^nse different from the above, 
e g (a) di bromo camphor 
Baeyer’s Nomenclature 
benzene ring 
pyridine ring 

Thus {B 1 3) dicbloroqumolme, means a meta dichloroquinoline m 
which the chlorine atoms are both in the benzene ring 
While (Py 1 3) dichloroquinoline, means a similar body, only the 
chlorine atoms are in the pvndine ring The numbers are counted 
from two carbon atoms which are in different rings, but both united 


to the same carbon atom 

denotes the central ring in the molecule of anthracene, acridines, and 
azines 

means that the element or radicle it precedes is m a closed ring 

,, ,, „ „ ,, not in a benzene ring 

denotes isomerism that is not indicated by ordinary formul® , thus maleio 
acid may be called aZZo-fumanc acid 
denotes displacement of oxygen by sulphur 

„ the group SO,H except in the word sulphooyamde v 
„ the group BH 

Tnbromonitrobenzene sulphonic acid [1 2 3 4 5] means that the three 
bromines occupy positions 1,2, and 3 , the nitro group the position 4, 
and the sulpho group the position 5 


* Denotes that the formula to which it is affixed has not been determined by 
analysis But it by no means follows that formulsD without this mark are those of 
analysed compounds. 

All temperatures are given m degrees Centigrade unless when specially stated 
otherwise 

Wave lengths are given in 10 ’ mm 

Formulas, when used instead of names of Bubstanoes, have a qualitative meaning 
only 

Thomsen’s notation is used in thermochemiosl data 
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ABIES — The needles of A pechnata contain 
ft sugar called Abiehte^ C^HgO,, very much hke 
mahnite, but differing therefrom in composition 
and in solubility The same plant contains a 
taniiin identical with the soluble tannin of the 
horse chestnut, C,j,H, 20 g, and convertible by hy- 
drochloric acid into an anhydride in- 

soluble in cold water, but soluble in boiling 
potash lye, slightly in water and alcohol (Roch- 
leder, J pr 105, 63, 123) — The fruits of Abtes 
Eeginm AmalicB, indigenous in Arcadia, yield, 
by distillation with water, about 18 p o of a 
colourless \ olatile oil C,oH,fl, smelling like lemons, 
S G 808 (156-159°) , slightly laevorotatory Re 
Binifies quickly in the air, exerting an ozonising 
influence stronger than that of turpentine oil 
Dissolves iodine, and absorbs hydrogen chloride, 
forming a liquid compound C,<,H,aHCl (Buchner 
ft Thiel, J pr 92, 109) H W 

ABIETEBE C,H,g - The heptane of Pinus 
tabimana {v Heptanes) 

ABIETIC ACID [139°] or [165°] — 

Caillot, J Ph 16, 436 , Maly, A 129, 94 , Em 
merhng, B 12, 1441 , Kelbe, B 13, 888 — Oc- 
currence The clear liquid turpentine of various 
species of pine contains abietio anhydride 
0^, which, on exposure to the air, absorbs 
moisture and is converted into abietic acid, the 
liquid then coagulating to an opaque granular 
pulp The anhydride is the chief constituent 
of common resin or colophony 

Preparation — 1 Coarsely pounded colophony 
is digested for two days with weak spirit , the 
liquid IS decanted from the white crystalline pulp, 
and squeezed in a press , the press cake dis- 
solved in hot strong alcohol, and the solution 
left to itself at ordinary temperatures , a white 
crystalline crust is thus obtained , the mother 
liquor, when cooled by ice, usually solidifies to 
L mass oj white laminas, which constitutes 
the greater part of the product The crystalline 
crust consists of sylvio acid CjoHjoOj, the laminss 
of abietic acid (M ) — 2 Colophony is digested 
for two days with spirit of 70 p c , and the undis 
solved portion, after washing with weak spirit, 
IS dissolved in the smallest possible quantity of 
giacial acetic acid From t^s solution the acid 
separates in crusts, and on adding a little water 
to Mts solution in hot alcohol and stirring, it 
is obtained in crystalline scales (E ) — 3 Soda- 
lye which has been used for punfymg crude 
resin oil is mixed with common salt, and the 
soap which separates is dried at 70°~80°, and 
purified by exhaustion with ether The residue 
mssolves m alcohol, and the solution, on evapo- 
ration, deposits nee^e shaped crystals of sodium 
jjibietate, the aqueous solution of which yields, 


on addition of hydroohlono acid, a white pp of 
abietic acid, which melts to a resmous mass if 
the mixture is boiled (K ) 

Proper tus —Separates from hot alcoholic 
solution m irregular transparent pointed tn 
clinic crystals melting at 165° (M , K ) , 139° 
(E ) , 135° (Fluckiger) Sol alcohol, ether, oen 
zene, glacial HOAc, CHCl, and CSj 

Reactions — 1 Abietic acid distilled with einc 
chloride yields a heavy oil (70°-250°) contaming 
heptylene (E ) — 2 Stiong hydrochloric and hy 
driodic acids at 145° abstract the elements of 
water from it, leaving the anhydride (E ) , but 
when treated in alcoholic solution with gaseous 
HCl, it yields sylvic and sylvinolic acids 

+ HjO = + C^ 4 H 3 g 04 (?) 

Sylvic acid is also formed when a hot alcoholic 
solution of abietic acid is mixed with sulphuric 
acid (M ) — 3 Triturated with PCI 5 it yields on 
distillation a volatile oil C 44 H 80 , called by Maly 
abielone^ together with HCl and POCl, By 
oxidation with KMnO,, abietic acid yields car 
bonic, acetic and formic acids — 6 Boiled with 
chromic mixture, it yields large quantities of 
acetic and formic acids, and, after removal of 
these by distillation, ether extracts from the 
liquid a small quantity of trimellitic acid 
CBH 3 (COiH),(E ) — 6 The anhydride (colophony), 
oxidised with nitric acid, yieids isophthahc acid, 
together with trimellitic acid (Sohreder, B 6, 
413) — 7 Abietic acid fused with potash yields 
propionic, but no protocatechuic, acid (M ) — 8 
Sodium amalgam added to a warm mooholio 
solution of abietic acid converts it mto hydra 
bietic acid C 44 Ha 80 j, a dibasic acid which 
forms white unctuous lammss melting at 160° 
(M ) — 9 Abietic acid with acetic chlomde or an- 
hydride at 160° yields Em oily acetyl compound 
(E ) — 10 Bromine added to a solution of abietio 
acid in CSj forms a bromo denvative, probably 
G 44 He 2 Br 205 , which separates from alcohol as a 
red powder meltmg at 184° (E ) — 11 Distilled 
with zinc dust it yields toluene, w-ethyltoluene, 
naphthalene, methyl-naphthalene, and methyl- 
anthracene (Ciamician, O 9, 305, B 11, 269) 
Salts — Abietic acid is dibasic, mostly form- 
mg normal, rarely acid, salts The alkalme salts 
are difficultly crystaUisable The normal abie- 
tates of the other metals 044 H« 2 M "05 are spanngiy 
soluble m water, and are obtained by precipita- 
tion Na,A", needles (from alcohol) — MgA", 
flocculent, v sol alcohol — MgH^" — CaA" — 
BaA" — ZnA", si soL alcohol — OuA", v sol C 8 , 
or ether , pale green -> 

Ethyl Abietate Et,A", obtained by decom- 
posing Buver abietate with ethyl iodide diluted 
with ether, forms a yellowish massK having an 
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ABIETIO ACID. 


etheno odour, insoluble m water, slightly so- 
luble m alcohol, easily m ether and CSg. 

Ah%et%n C4,Hg,(CHMe CH),Og 

IB deposited from a mixture of glyoerm and a 
concentrated alcoholic solution of abietic acid, 
after exposure to a low temperature for several 
days, in small white crystals meltmg at 126°, 
soluble m ether and aicohol (M ) H W 
ABIETIC AKHYDRIDE is not 

formed by direct dehydration of ^e acid, but 
exists, as already observed, m the clear fresh 
turpentme of certain conifers, and forms the 
essential part of colophony H W 

ABIETIN V supra 

ABIETITE C^HbOj — Abtetol The sugar of 
Abtes pechnata ( 

ABBOTIEE OjiHgjNP — An alkaloid from 
Artemisia ahrotanum {2 Giacosa, J 1883, 1356) 
White crystallme powder or white needles SI 
sol hot water Its solutions fluoresce blue 
Salts B"H2PtClg.~B/'HS046aq Needles 
ABSINTHIN or Absynthiin [120°- 

125°]— (Mem, A 8, 61 , Luck, A 78,87, Kro 
mayer, Ar Ph [2] 108, 129) — The bitter prin 
ciple of wormwood {Artemisia absynthium) 
Prepared by exhausting the dry herb with cold 
water, absorbing the bitter principle from the 
concentrated extract with boneblack , extracting 
with alcohol , purifying by treatment with basic 
lead acetate, precipitatmg the lead with H^S, 
and evaporating the flltrate 

Properties — Yellow powder, composed of 
minute crystals V si sol cold water, si sol 
hot water, v sol alcohol or ether Very bitter 
Neutral to htmus Smells hke wormwood 

Reactions — 1 Cone H^S04 forms a brown 
solution, turning greemsh blue A little water 
turns the colour to a splendid blue, destroyed by 
more water — 2 Boilmg dilute HjSO. acquires 
a yellowish green fluorescence, and deposits a 
brown resin — 3 Does not reduce Fehhng’s solu 
tion — 4 Gives a mirror with warm ammoniacal 
AgNO, — 6 An alcoholic solution gives a sticky 
pp with tannm — 6 Gives no pps with me^ljo 
B^ts H W 

ABBIKTHOL— C.bH^O (196°) or (204°) — 
(Beilstem a Kupffer, B 6, 1183, A 170, 290 , 
Wnght, C tT 27, 1 and 819) — Isomeno with 
common camphor Forms the essential principle 
of wormwood oil, in which it is associated with 
a terpene (b p below 160°) and a deep blue oil 
(270°-800°) identical with the blue chamomile 
oil exammed by Kachler {B 4, 86) Absmthol 
boils at 196° (B and K), at 200°-205° (W ), 
217° (Gladstone) Differs essentially from cam 
phor in chemical reactions, not bemg converted 
into camphoric acid by oxidation with nitric 
acid, nor into campho oarboiyhc acid,C,jH,gOg» 
C,bH, 4 (OH) COjH, by sodium and COj, and yield- 
ing with meltmg potash a large quantity of resm 
but no acid Heated with P3S5 it yields oymene 
and oymyl hydrosulphide 0,gH„SH, bod- 
ing at 280°-240° (W ) Cymene is also formed, 
though m smaller quantity, by treatmg absmthol 
with amc chloride (W ) H W 

ABS0BF7I0H OF GASES BY LIQiriDS AVD 
SOLIDS v Gases 

ABSOiUPTIOH-SPECTJEtA o Physical Mi- 
THons sect Optical. 

ACAOUf or Acacia gum v Ababut 
ACAJOV.'— The penoarp of the note of the 


Acajou or (^he w nut tree, Anaeardtum ocef- 
dentate^ gromig m the West Indies ani South 
America, contain alargequan *tyof a red blown 
resinous vesicatu g substance, which may be ex- 
tracted by ether, ^he solution when evaporated 
leaving a network of small crystals of anacardic 
acid soaked m an oily liquid callpd cwrdoly to 
which the resin owes it^ acrid properties (Stft 
deler, A 63, 137) A catechm 042^40,4 [166°] 
may be got from acajou wood (Gautier, Bl 
668) F 

ACABOn) BESIK — Besm of Xa ^norrhea 
hastilis, a hhaceous tree of Austraha also called 
resm of Botany Bay Yellow, fragrant, soluble 
in alcohol, ether and caustic potash The potash 
solution treated with HCl deposits benzoic nd 
cinnamic acids Nitno acid readily oxidises it 
to picnc acid Yields on distillation phenol and 
small quantities of benzene and styrene (Sten- 
house, A 67, 84) By potash fusion it gives 
p oxy benzoic acid, resorem, and pyrocatechm 
(Hlasiwetz a Barth, A 139, 78) H W 

ACECHLOBIDE OF PLATIKITM v Aoxtonb, 
ACECONITIC ACID CgHgOg —The ethyl ether 
IB formed, together with the (probably isomeric) 
citracetic ether, by the action of sodium on 
ethyl bromo acetate 

SEtC^^rO, + 3Na - EtgCgH.OB + SNaBr + H, 
(Baeyer, A 135, 306) The product is distilled 
in vacuo, and the ethers saponihed by baryta 
Banc aceoonitate crystallises, leavmg the 
gummy banc citracetate m solution 

Properties — Nodular groups of needles V 
sol ether Gives no crystaUme sublimate 

Salts — Barium salt forms small, spanngly 
soluble crystals A solution of the calcium salt 
becomes turbid when heated — Ag3A'"aq Ethyl 
ether — Et,A " Lighter than water H W 
ACEDIAMIKE C^HeN, i^ NH* CMe NH 
V Acet ami dine 

ACEKAPBtXJBLEKE t e 0,bH^ CjH 4, 

CH CH 



I I 

CHj — CH, 


Mw 164 [96°] (Behra Dorp, A, 172, 266), [103®! 
(Schiff),(278°i V) VD 6 85(fc 6 33) 

149 16 (Schiff, A 223, 263) 

Occurrence —In coal tar oil (Berthelot, Bl 
[2] 8, 226) 

FormaiAcn—1 By passing a mixture of 
ethylene and benzene or naphthalene through 
a red hot tube (Berthelot) — 2 By passing 
(a) ethyl naphthalene through a red hot tube - - 
8 By treatmg (a) ethyl naphthalene with Br at 
183° and decomposing the product, OibH, 0,E4Br, 
with alcoholic KOH at 100° (Berthelot a Bardy, 
0 B 74, 1463) 

Pre^ratum — Heavy coal tar oil (260°-290°) 
is carefully fractioned, and the fraction 260°- 
270° cooled strongly till it solidifles Becrystal- 
hsed from alcohol (Temsse, A 227, 134) 

Properties —Long needles (from alcohol). V. 
soL hot alcohol, v si boL ^old aloohoL 
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Rtachona — 1 A miiture of ^obolic sola- 
4iona of aoenaplitliene and pt^tc actd de< 
posfts oranga-yeiiow needles of the ptcrate^ 
C A(N0,),0H [162°]-^2 Cone K.SO^ 
forms a salphonate whose sal s are very soluble 
A^httle HNO, turns the solution in HjSO^ green 
8 Ck>ld KNOi, foiins dt nttro-acenaphthene 
Yellow needles (from benzoline) , insol in aloo 
hoi — 4 CrO, and H2SO4 give naphthalio acid, 
Hj(GO^H )2 a D ) — 6 Bromine added to an 
ethfc 1 sol ition forms hromo acenaphthene, 
CjjHjBrv. [53 ] , tables (from alcohol) , oxi- 
dises to I omo naphthalio acid (Blumenthal, 
B 7, 1095) — 6 A further quantity of bromine 
added to a solution m €83 forms Cj^HgBr^,, 
while needles (from alcohol) — 7 loaine at 100 ^ 
polymerises it — 8 Cone HI at 100° forms a 
hydrocarbon (? OigH, J (0 270°) — 9 Cone HI 
(20 pts ) at 280° produces naphthalene di hydnde 
and ethane — 11 Potassium gives off hydrogen, 
forming CjjHgK (Berthelot) 

ACENAPHTHYLENE C,oH, C3H3, 

probaoly 

CH CH 


CH - CH 

[93°] (265° 275°) 

Preparation — Acenaphthene (6g ) is put into 
a combustion tube, and the rest of the tube filled 
with litharge The acenaphthene is heated 
strongly, and the vapours pass over the litharge, 
which must not be red hot (Blumenthal, B 7, 
1092 , Behr a Dorp, B 6, 753) 

Properties — Large golden plates (from alco 
hoi) Is partly decomposed by boiling V e sol 
alcohol, ether or benzene 

Reactions — 1 Sodium amalgam reduces it, 
in alcoholic solution, to acenaphthene — 2 Chro 
viic mixture oxidises it to naphthahe acid — 
8 Combines, in ethereal solution, with bromvne^ 
formmg 

.CHBr 

C.oH, < I 

\CHBr 

[121°-123°] This forms white needles (from 
k ^9 mixed with alcohol) Chromic mixture 
oxidises it to naphthalic acid Alcoholic KOH 
converts it into bromo acenaphthylene^ 

< CBr 

II 

CH 

This IS a liquid, but its picrate forms yellow 
nfedles Bromo acenaphthylene is converted by 
bromine mto orange red plates of di-bromo-aoe- 
napl^ithylene, 

>CBr 

0, ABr <; II 
^CH 

Ptemfe— O,3H,C,H3(NO,)3OH[202°] Yellow 
needles V si sol cold alcohol 

ACETAOSnO ACU) v Aobto aortic Acm 
ACETAI OH, CH(OEt)a.-~i>». 

^vyhacetoXf aldehydate (v Aldkhydb) 

ft w, 118 (104°) (Stts) , (103 2°) at 762 mm 


(B Sohilf, A 220, 104) , (21°) at 22 mm , (50 6°) 
at 121 mm , (102 2°) at 760 mm (Kahlbaum) 
S G ^ 8314 (Bnihl) , ^5 8319, |f 8233 (Perkin) , 
7364 (Sc ) V D 4 141 Critical temperature 
264 4° (Pawlewski, B 16, 2633) 8 4 6 at 26° 

S V 159 88 (So ) 1 386 Boo 62 52 (B ) 

MM 6 968 at 16 1° (P ) 

Occurrence — In crude spirit, after filtering 
through charcoal (Geuther, A 126, 63) 

Formation — 1 By the imperfect oxidation 
of alcohol (Doeberemer , Liebig, A 6, 25 , 14, 
166, Stas, A Ch [3] 19, 146, Wurtz, A Ch 
[3] 48, 370 , A 108, 84) Hence its occurrence 
in raw spirit and m old wmes — 2 By action of 
c^ lorme on alcohol 

3C AO + CI3 = C,H,,03 + 2HC1 + H2O 

3 One of the products of action of alcohol on 
ethyl di bromo acetate (Kessel, B 11, 1917) 

4 By passing non inflammable PH, mto a mix 
ture of equal volumes of aldehyde and alcohol 
at -21° (B Engel a De Girard, G B 91, 692 , 
C J 88, 458) 

Preparation — I From Alcohol — 1 By im 
perfect oxidation under the mfluence of plati 
num black Fragments of pumice are moistened 
with nearly absolute alcohol in a wide mouthed 
flask, the upper part of which is filled with 
shallow glass capsules containmg platinum 
black, and the flask, covered with a glass plate, 
IS left m a room at 20° till nearly all the alcohol 
18 converted mto acetic acid. Alcohol of 60 p 0 
is then poured m, and the flask, again covered 
with the glass plate, is exposed to the same tem- 
perature for a fortnight or three weeks, by which 
time the liquid above the pumice will have be- 
come viscid This hquid is then poured off, more 
alcohol IS added, and this course of proceeding 
18 repeated till a few litres of very acid hquid 
have been obtamed This product is saturated 
with potassium carbonate, dried with calcium 
chloride, and about a fourth of it is distilled off , 
the distillate is treated with calcium chloride , 
the lower layer of liquid — consistmgof aldehyde, 
ethyl acetate, and alcohol— is again mixed with 
calcium chloride, and distilled till the distillate 
no longer reduces silver nitrate , and the residue 
IS treated with potash lye, washed, dried with 
calcium chloride and rectified (Stas) — 2 By 
distiUmg alcohol (2 pts ) with manganese dioxide 
(3 pts ), sulphuric acid (3 pts ), and water (2 pts ), 
and rectifying the product, which oonaists of 
acetal mixed with aldehyde, ethyl acetate, <fec , as 
above — 3 By passing chlorme through alcohol 
of 80 p 0 cooled to between 10° and 15° till a 
portion becomes turbid on addition of water, m- 
dicating the formation of substitution products 
One fourth of the acid hquid is then distilled 
off , the distillate is neuti^sed with chalk , a 
fourth part agsim distilled off , and the distillate, 
consisting of alcohol, ethyl acetate, aldehyde, 
and acetal, is treated as above to separate the 
acetal (Stas) According to Lieben {A Ch [3] 
52, 313), the chief pri^uots of the action of 
ohlorme on 80 p 0 tdoohol are mono- and di- 
ohloraoetal 

II From Aldehyde — 1 By passing gaajooa 
hydrogen chloride mto a mixture of 1 voL alde- 
hyde and 2 voL absolute alcohol, cooled by a f reez 
mg mixture, whereby the oompoond C4H901O 
IS obtained, ae an ethweal liquid floating on the 

B 2 
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aqueous hydroohlono acid, and treating this 
compound with sodium ethylate 

c^S> + c AO + HCi - H2O + 0 agio , 

and C agio + C AONa = NaCl C«H, A 
(Wurtz a FrapoUi, C E 47, 418 , A 108, 223) 
2 By treatmg aldehyde with PBrj, whereby it is 
converted into ethylidene bromide, and acting on 
this compound with sodium ethylate 

CHMeBrj h 2NaOEt « 2NaBr + CHMe(OEt)a 
(W a P) 

Properties — Colourless liquid, less mobile 
than ether, having a peculiar agreeable odour 
and refreshing taste, with an after taste hke that 
of hazel nuts Separated from aqueous solution 
by calcium chloride and other soluble saljs 
Miscible with ether or alcohol 

Eeaciions — 1 Not altered by mere exposure 
to air, but quickly oxidised m contact with pla 
tinum black to aldehyde and acetic acid Oiq 
dised also by nitnc and by chromic acid — 2 Not 
decomposed by caustic alkalis if air is excluded 
8 Forms substitution products with chlorine 
4 Strong sulphuric and hydrochloric acids dis 
solve and decompose it, the mixture turning 
black. — 5 Dilute acids, even in the cold, split up 
acetal into alcohol and aldehyde — 6 A solution 
of acetal does not give the iodoform reaction, 
unless it be first acidified (Grodzki, B 16, 612) 

7 PCI5 forms CH3 CHCl OEt, EtCl and POCl, 
(Buchanan, A 218, 38) — 8 Heated with glacial 
HOAc it forms acetic ether, thus 

CH3 CH{OEt)2 + 2AcOH- 
CH,CHO + H,0 + 2AoOEt 
2 Does not reduce AgNO,Aq — 10 Chromic 
mixture forms acetic acid — 11 Heated with 
MeOH it IS almost completely converted into 
EtOH and CB[8CH(OMe)2 — 12 Heated with 
PrOH it 18 mostly unchanged, but some 
CH3CH(OEt)(OPr) and some CH,CH(OPr)2 are 
formed — 13 Heated with iso amyl alcolwl it 
behaves as in 12 

References — Homologues of acetal are de- 
Bcribed under the aldehydes, to which they cor- 
respond. Bromo and chloro acetals are described 
under bromo- and chloro acetic aldehyde For 
oxy acetal v gl ycoll ic aldehyde 
ACETALDEHYDE v Aldehyde 
ACETAMIDE G2H3NO % e NH Ac or 
CA GO NHj — Amide of acetic acid M w 69 
[83°] (Hofmann, B 14, 2729) (222° cor ) BG 
, 1 159 (Schrhder, B 12, 662) Boo 24 35 in a 
84 p c aqueous solution (Kanonnikoff, J pr [2] 
81, 347) Discovered by Dumas, Malaguti, and 
Leblanc m 1847 (0 E 25, 657) 

Formation — 1 By heating ethyl acetate with 
strong aqueous ammoma at 1 20° 

AcOEt -H NH, = AcNHj + HOEt 
2 By action of ammonia on acetic anhydride 
Ac,0 + 2NH, = NH^Ao + AcON A 

8 By distillation of ammonic acetate 
AcONA«AcNH 2 + AO (Kundig, A 105, 277) 

4 When dry NaOAc (580 g ) is distilled with 
NH4CI (225 g ) very httle acetamide (70 g ) is 
got the distillate is chiefly NH, and acid am- 
momc acetate, which boils at 146° 

Preparation — 1 Acetic ether and aqueous 
amiMoma are left in a closed vessel until the ether 
has disappeared The product is distilled — 
2 Glacial acetic acid (1 kilo ) is saturated with 
dry KA the product distilled in a current 
fd dry NH. Above 190° acetamide (460 g ) oomes 


* 

over , the first diatillate (below 190°) is treated 
m the same way ft gives more acetamide* (170 g )« 
A third repetition of this operation gives fhore 
acetamide (110 gJ Total yield 740 g (Keller, 
J pr [2] 31, 36# — 8 Ammomc chloride and 
Bodic acetate are heated m an enamelled irpn 
digester for six hours at 230^ The product is 
distilled (Hofmann, B 16, 981) — 4 A mixture 
of ammonic acetate (20 g ) and swsetic anhydride 
(26 g) yields on distillation 96rp c (1C g) 
acetamide (Schulze, J pr [2] 27, 612) — ^ Am- 
monic sulphocyanide (1 mol ) is boile for four 
days with glacial acetic acid (2| mol 
NACNS + 2AcOH = 2AcNA+COS + AO (S ) 
Purification — Acetamide can be freed from 
ammonic aftetate by drymg over lime (Mensofilut- 
km, J i? 17, 259) 

Properties — \\Tiite hexagonal scales, smell 
mg like excrement of mice Dehquescent V 
e sol water Conducts electricity and is easily 
electrolysed 

Reactions — 1 Kesolved by distillation with 
PjOj into water and acetonitrile, CAN — 2 WV'ith 
P3S5 it also yields acetonitrile, giving off HjS, and 
leaving a blackish tumefied residue — 3 Heated 
m dry HCI gas it yields a A hquid distillate 
consisting of acetic acid with a small quantity 
of acetyl chloride , h A crystallme distillate of 
(CAN0)2HC1, and a compound of acetamide 
and diacetamide CgHjNO C4H7NO2, the latter of 
which may be dissolved out by ether , c A non 
volatile residue of acetamidine hydrochloride 
mixed with sal ammoniac 

2C ANO + HCI = C AN2 HCI + CjHA 
(Strecker, A 103, 328) — 4 Acetamide heated 
m sealed tubes with saturated hydriodic acid 
yields ammonia, acetic acid, and ethane 

2C2 ANO + 3 A - G^H^O, + 2NH, + C A 
(Berthelot, Bl [2] 9, 183) —6 With CSj at 
about 210° it gives off H^S, COS, CO, and pro- 
bably ethane, leaving ammonium sulphocyanide 
nuxed with undecomposed acetamide 
2C ANO + CS2 = NH4 SCN + COS + CO + C^A 
jLadenburg, Z [2] 4, 661) V Aldehydes — 
6 Nascent hydrogen (copper zinc couple or 
sodium amalgam) forms some alcohol and alde- 
hyde (Essner, Bl [2] 42, 98) — 7 Heated with 
NaOEt at ISO"^ it forms ethylamme (Seifert, B 
18, 1357) — 8 With ethyl orthoformate at 180° 
acetamide yields ethyl alcohol and diacetyl- 
formamidme 

2N AAo + CH(OEt), « SEtOH + ^(CH) Ac^H 
Another reaction, however, takes place 
same time, producing alcohol, etnyl acetate, and 
formamidme 

2NH2Ao + CH(OEt),- 
EtOH + 2EtOAc + N2(CH) A 
(Wichelhaus, B 3, 2) — 9 Acetamide heated m 
sealed tubes with bemaldehyde is converted mto 
benzyhdene diacetamide 

2NH2A0 + PhCOH - AO + PhCH(NHAc),. 
With aldehyde m like manner, it yieldf 
MeCH(NHAc)2 m large prisms [169°], partly de- 
composed by distillation, and giving off aldehyde 
when treated with acids (Tawddarow, B 6, 477^ 
With anisaldehyde the compound GijHj^NjO, 11 
formed m nodular groups of needles [180°], sol- 
uble m water, insoluble in alcohol and ether, 
decomposed by HCI, not altered by boihng with 
potash (Schuster, Z [2] 6, 681) With salicyUc 
aldehyde a yellow neutralcbody is formed (Cred^ 
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ner, nh 60) With chloral i^etamide unites 
directly* fonninff the oryst«iline compound 
CjH^O 0jHCl,0'(i; Chloral) —10 Heated with 
mesityl oxide it forms a basic substance, CyH,,NO, 
* oxy hydro collidine^ //yellowish liquid 
(1!76°-180°) (Canzoneri a Spica, G 14, 349) 
Combmakons * — Acetamide unites directly 
with the stronger acfhs The hydrochloride 
(NH^Ac)^Cl 18 formed by passmg gaseous HCl 
it? solutiom in ether alcohol Long needles 
(from* alcohol) , insol m ether — NH2A0HCI 
(Pinner Klein, B 10, 1896) — The nitrate^ 
NHjAcHN'^la [98°], separates from a solution 
of acetamide in strong HNO, It is very acid, 
aM is deliquescent SI sol ether Gives off 
Odf, N3O and HNO3 when heated * 

jSaZis — AcNHAg Scales — (AcNH)JIg Six 
Bided prisms [195°] Both formed by dissolvmg 
the oxides m acetamide — (AcNH)3Zn From 
ZnEtj and acetamide Amorphous (Frankland ) 
Chloro-acetamides — The amides of theohloro 
acetm acids are described under those acids 
Aceto chloro amide NAcClH [110°] is formed 
by passing chlorine into fused acetamide, or by 
pouring aqueous HCl upon aceto bromo amide 
2N AcBrH + HCl = NAcClH + NAcH^ + Br, 
(Hofmann, B 15, 410) Sol ether Split up 
by HCl into chlorine and acetamide 

Bromo>acetainide8 v Bbomo acetio acids 
Aceto hromo-amide 
NHBrAo [108°] NHBrAo aq [70°-80°] 
Formed by auding aqueous KOH to a solution of 
Br (1 mol) m acetamide (1 mol) Striated 
rectangular plates (from ether) 

Eeaction ~1 Boiled with water it forms 
acetamide, Br, HBrO, methyl acetyl urea, and 
methylamme — 2 Heated with AgjCO, it forms 
methyl oyanate 

2CH3 CO NHBr + AgjCO, =» 

2CH,NCO + 2AgBr + CO* + H^O 
8 Boiled vinth KOHAq it forms HBr, CO,, and 
methylamme, the methyl oyanate formed ao 
cording to the last reaction being decomposed 
m the usual way — 4 Acetamide and NaOHAq 
form methyl acetyl urea — 5 Ammonia reacts 
violently, thus 

SNAcHBr + 5NH, - SNAoH, + 8NH,Br + N,. 

6 Aniline forms acetamlide and tri bromo- 
amline — 7 Phenol gives tn bromo-phenol and 
acetamide (Hofmann, B 15, 407) 

Salts — NAoBrNa Hair like needles, ppd 
byoonc NaOH NAoBrNaBijaq Made by adding 
lit4aN»NaOH a mixture of acetamide (1 mol ) 
and bromine (1 mol ) Rectangular plates De 
composed by water into NaBr and aceto di- 
bromo anude 

Aceto-di-hromo-amide NAoBr, [100°] 
Madebyaddmg aqueous KOH to a dilute solution 
of bromme (1 mol ) and bromo acetamide (Imol ) 
4Hofmann,B 15, 413) Golden needles or plates , 
sol warm water, alcohol, or ether Boiled with 
wa4er, it gives HBrO, NAoBrH, and NAoHj 
Potash decomposes it into nitrogen, acetio acid 
and potasBio hypobromite H W 

Brom(M)hloro*aoetaiiude v Chlobo bromo- 

AOBTIO ACID 

lodo-acetamlde v Iodo aoibtio acid 
Bi-aoetamide NAc,H. M w 180 [82°] (210°- 
815°) 

Preparattoru — 1 The ethereal Bolution of 
the crystalline command of acetamide and di- 


acetamide got by heating acetanude m a eurrent 
of HCl {v Reaction 3), deposits, when gaseous 
HCl IS passed through it, spicular crystals of 
acetamide hydrochloride, and the filtrate yields, 
by evaporation over H^SO^, crystals of diaceta 
mide — 2 By heating aoetomtnle with glacial 
HO Ac, or acetamide with Ac,0 at 250° (Gautier, 
Z 1869, 127) — 8 By boilmg methyl-acetyl urea 
with AcjO (Hofmann, B 14, 2731) 

Properties — Long needles (from ether) 
Neutral V e soh water, v sol alcohol or ether 
Does not combme with acids, so that HCl gives 
no pp m an ethereal solution 

Reactions — 1 By boilmg with cunds or by 
heating with ZnCl, it is resolved into acetic acid 
and acetomtril — 2 Fummg HNO, reacts, giving 
offNp H W 

Tri-aoetamide NAc, [79°] —Formed in small 
quantity when a mixture of acetio anhydride and 
acetomtrile is heated to 200°, and may be dis- 
solved out by ether after the excess of AcjO has 
been distilled off White flexible needles [78°- 
79°] Neutral Gently warmed with silver oxide 
it yields silver acetate, so likewise do aceta- 
mide and diacetamide (Wichelhaus, B 3, 847) 


Tn-aoet-di-amide NjAcjHj [212°-217°] — 
This 18 the compound of acetamide and di aoet* 
amide mentioned under acetamide {Reaction 8) 
and di acetamide {Preparation 1) 

Di azo-acetamide v Azo compounds 
Ethyl-aoetamide v Ethyl amine 
Methyl-acetamide v Methyl amine 
Phenyl-acetamide v Aniline 

AC£T If compounds whose names begin 

with acet or aceto are not here described, remove 
this prefix and look for the remaining word, 
changing the termination ide, if present, into ine 
AOETAMIDINE CAN, % e CH, C(NH) NH, 
Acediamine, Ethenyl amidine, Acet imid amide 
(Strecker, A 103, 828 , Hofmann, B 17, 1924) — 
The hydrochloride of this base is left as a residue 
when acetamide is distilled in a current of HCl 
{v Acetamide, Reaction 3) The mass is extracted 
with alcohol, which leaves NH4CI behind 

Properties — When hberated from solutions 
of its salts, it sphts up mto ammonia and am- 
momc acetate 

Salts — B'HCl pnsms (from alcohol), [165°]. 
— (B'HCl)2PtCl4 yellowish red pnsms 
— B'2H3S04 pearly lamina 
Reactions — 1 The hydrochloride boiled with 
AcjO and NaOAo for hours forms anhydro- 
di acetyl acet amidme and anhydro-di acetyl- 
acet amidil (Pmner, B 17, 173) — 2 V Aceto- 
ACBTic ether. Reaction 25 

Anhydro - di - acetyl - aoetamidine GgH^NsO 
[253°] — Prepared as just stated, the product 
bemg treated with aqueous NaOH and the pp 
boiled with water, which dissolves the * amidil,* 
but not the amidme 


Silky needles (from alcohol) InsoL water, 
si sol cold alcohol, v sol hot mcohol, v e soL 
dilute acids Forms a platmo-chloride 

Anhydro-di-aoetyl^et-amidil 03 H,|N, 02 aq. 

«N 0 CH, 


Possibly 


OH. 

CH, 


\nh CO Cl 


W CO OH 

[185^ Obtained ae above. Nodules ol small 
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priemis Loses 2aq over H^S04 81 sol cold 

water, v sol hot water, v e sol alcohol and in 
dilate acids Forms a platinum salt 

ACETAJCIDOXIH v Ethenyl-amidoxim 
AGETAIIILIBS v Akild(s Acetyl denva 
iiwe 

ACETIC ACID CjHA is CH,COOH or 
AoOH — Metha/ne carboxylic axid. Pyroligneous 
m ui — M w 60 [16 5"] (Zander), [17 6^J (Sonstadt, 
C N 37, 199) (118 29°) (Z ), (117 5°) (Sohiff j 

Critical tem;^ature 821 6° (Pawlewsky, B lo, 
2634) S G Solid § 1 0701 (Z ) , ^ 1 0607 
(Mendel6eff, J 1860, 7) 8 G Liquid 1 0576, 

^ 1 0543, 1 0503 (Pettersson, J pr [2] 24, 

301), *^ 10495 (Bruhl) , at boiling point 9^‘>6 
(Bamsay, C J 36, 463) V D 29 7 at 260° and 
upwards CE (0°-10°) 00106 (Z ) HFp 
106,290 H F V 104,130 S H (between 0° and 
100°) 497 Latent heat of fusion for 1 mol (at 
1 5° to 4 2°) 2619 tip 1 3765 20 69 (B ) 

MM 2 626 (Perkin) S V 64 3 (B ) 

Occurrence — In the juices of plants especially 
of trees, and in certain animal secretions 

Synthesis — 1 From acetylene {i e from C 
and H) by converting that hydrocarbon into 
ethylene by direct addition of hydrogen, then 
the ethylene into alcohol, and oxidising the 
alcohol , or more simply by heating acetylene 
dichlonde with aqueous potash at 230° or with 
alcohohc potash at 100 for ten hours 

CACl* + 8KHO = C2H,0,K + 2KC1 + H^O 
(Berthelot, Z [2] 6, 683) — 2 When a mixture, 
1 vol acetylene and 2 vols air, is exposed to 
dayhght over dilute potash lye, the acetylene is 
slowly oxidised to acetic acid, which is absorbed 
by the alkali + 0 + KOH = (Ber- 

thelot, A Ch [4] 23, 212) — 8 From sodium 
methyl and carbonic acid 

CHaNa + COj^CH, CO^Na 
(Wanklyn, A 111, 234) — 4 By boihng aoeto 
mtrile (methyl cyanide) with potash 

CH3CN + KOH + fl^O = CH3CO2K + NHg 
(Frankland a Kolbe, A 65, 298) — 6 By passmg 
CO over sodium methylate at 160° 

CHgONa + CO = CHjCOaNa 
(FrShhch, A 202, 294) 

Formation — 1 By dry distillation of organic 
bodies, especially wood — 2 By the action of 
atmospheric oxygen, chromic acid, nitnc acid, 
hypochlorous acid, and other oxidisers, on al 
cohols and other organic bodies, especially under 
the influence of ferments which act as carriers 
of oxygen — 3 By the action of KOH or NaOH 
at a high temperature on various orgamc bodies, 
e g tartanc, citric, and make acids, sugar, alco 
hoi, (fee — 4 In various processes of fermentation 
and putrefaction {J 1878, 1017, 1019, 1023) 
Preparation — 1 By oxidation of ethyl al- 
cohol, the alcohol being flrst converted into 
aldehyde CjHjO + O - HjO + C^H^O, and the 
aldehyde then oxidised to acetic acid. The oxi- 
dation may be effected 

a By the influence of spongy platinum If 
a tray contaming this substance be placed over 
a disj^i contaming a httle alcohol, the whole 
being covered with a bell-glass open below as 
well as at the top, on gently warmmg the dish 
the alodiol will be rapidly oxidised, acetic >^cid 
aond e nyi n g m abund^oe on the maide of the 


jar Much of alcohol is, however, converted 
mto aldehyde and lost by volatilisatioxf • 

b Under the mfluence o^fermenis Tlbis is 
the ordinary process of making vinegar from 
alcoholic liquidslwme being generally used for 
the purpose in France and Germany, and maltm 
England. The most favourrfble temperature is 
25°-80° The expemrfents of Pasteur have 
shown that the oxidation of alcohol m the ordi 
nary process of vinegar-makm^ dependfe esafltf 
tially on the presence of a fungoid* plan ^ \jalled 
Mycodenna vim, Mycoderma aceti, o^ ^mother- 
of vinegar,* and is invariably prec/^ed by its 
development on the surface of the liquid It 
appears to act like platinum black, as a carrier 
of oxygen * The plant may be sown on the Sur- 
face of the liquid by introducing a small portion 
of it from another vinous hquid already in the 
fermenting state, or by simply exposing the 
liquid to the air m which the germs of this 
fungus, as of many others, are always floating 
Like all other plants, it requires food for ^s de 
velopihent, and this it finds in the albuminous 
matter and mineral salts contamed m ordmary 
vmous liquors If these are absent the plant 
cannot grow, and acetification cannot take place 
Thus, pure aqueous alcohol may be exposed to 
the air for any length of time without turning 
acid, because the germs of the mycoderma which 
fall mto it from the air remain barren for want 
of nutriment Moreover, pure aqueous alcohol 
may be acetified without the aid of any albu- 
minous matter, provided the mycoderma have 
access to it, and be supphed with the nitrogen 
and saline matters necessary for its growth 
Pasteur has m fact shown that this nutriment 
may be supphed m the form of alkalme and 
earthy phosphates and ammonium phosphate, 
the latter furnishmg the nitrogen Under these 
circumstances the mycoderm grows, though less 
quickly than in ordinary vmous liquids, and the 
alcohol 18 slowly converted into acetic acid If 
the mycoderma be allowed to remam m the liquid 
after the acetification is complete, the whole of 
the acetic acid may be destroyed and the liquid 
rendered perfectly neutral (Pasteur, Etudes sur 
le Vinaigre, Paris, 1868 , also Annales Scienh 
fiques de Z’Jf^coZa normale svp&newre, tome 1. 
1864 , Bl 1861, p 94 , / 1861, 726 ) 

Malt Vinegar is prepared from a fer 
mented wort obtained by mashmg malt, or a 
mixture of malt and raw barley, with water, as 
m brewing ^ t » 

Quick Vinegar Process — The oxidation of the 
alcoholic liquor may be greatly accelerated by 
allowmg it to trickle down in a fine shower over 
chips of wood covered by the mycoderma, and 
exposed to an upward current of air 

Wood Vinegar — Pyroligneous Acid — The 
greater part of the acetic acid now used m artr 
and manufactures is obtamed by the destructive 
distillation of wood. The wood is heated m Ifrge 
iron cylinders connected with a senes of con- 
densers The watery hquid which condenses m 
the receivers, consisting of water, tar, methyl 
alcohol or wood spint, methyl acetate and acetio 
acid, IS redistilled after separation of the tar, 
the wood spint passing over among tha first 
portions of the distillate and the acetic or pyro- 
ligneous acid afterwards. The acid thus ob- 
tained 18 coloured and has la strong tarry flavour,' 
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not removable by distillation To pnnfy it, 
the orude hqaor is saturated with lime, which 
xenlbves part of the tarry matter, the rest re> 
mainmg in solution with the calcium acetate 
The liquid, clarified by repose or by filtration, is 
e;^aporated in an iron pot to half its bulk, and 
mii^ with enoUtjh hydrochloric acid to give a 
slight acid reaction, whereupon the greater part 
of the tarry matter separates, and may be skimmed 
off the surface The hydrochloric acid also de- 
eon ^^oses certam compounds of lime with creo 
Bote an other volatile substances, which may 
then be ei lelled by heat The calcium acetate 
thus purified is completely dried and distilled 
with hydrochloric acid The density of the 
acotic acid thus obtained is about 1 06 If it 
contains hydrochloric acid it may be purified by 
redistillation with addition of a small quantity 
of sodium carbonate, or, better, 2 or 3 p c potas 
Slum dichromate, this latter at the same time 
destroying certain organic impurities which give 
the acid a peculiar odour (Volckel, A 82, 49) 
Cruue wood vinegar contains small quantities of 
propionic, n butyric, n valeric, and two crotonio 
acids (Grodzki a Examer, B 11, 1356) 

Ct ystallis able or Glacial Acetic Acid 
— the pure acid, CjH^Oj, so-called because it 
crystallises at ordinary temperatures — is ob 
tamed 1 From the ordinary aqueous acid by 
fractional distillation, repeated till the residue 
solidifies on cooling 2 By distilling certain 
dry metallic acetates with strong sulphuno acid 
or with hydrogen potassium sulphate, 

2C2H,ko2 + H2SO4 = , 
and C2H1KO3 + BLKSO, = K^SO^ + 

8 Together with acetone and other products, 
by dry distillation of cupric acetate {Sjpvntus 
jErugims or Sp Venens) 

Physical I^operties — The solid acid forms 
prismatic or tabular crystals The hqmd acid 
18 transparent, colourless, and mobile Vapour 
density at 250° and upwards is 2 08 (air = 1) or 
29 7 (H = 1), which is nearly half the molecular 
weight of the acid, showmg that at these high 
temperatures the vapour exhibits the normal 
condensation But at temperatures nearer to 
the boihng pomt the density of the vapour is 
much greater, showing a condensation to | vol 
or even less (Cahours, C R 19, 771 , 20, 61) 
The pressure of the vapour of sohd acetic acid 
IS 1 3 mm at — 6 7°, 2 0 mm at 0°, and 9 5 mm 
at 16 4° , the vapour pressure of liquid acetic 
ao^being 8 2 mm at 0°, 6 3 mm at 10°, 11 8 
iiim*at 20°, ao 9 mm at 30° (Bamsay a Young, 
C J 47, 46) 

Glacial acetic acid has a pungent sour taste 
and odour and bhsters the skm It does not 
redden litmus paper per se, but reddens it 
strongly when mixed with water It does not 
attack OaCO, until water is added It is hygro 
scopic 

Aqueous Acid — Acetic acid mixes with 
Witter in all proportions The density of the 
aqueous acid does not vary in proportion to the 
amount of real acid present , and consequently 
the strength of any sample cannot be i:^erred 
from its density, but must be determmed by 
titration with standard alkali The following 
table has been constructed in this manner by 
Oudemans (FV 5, 462) for the temperatures 0°, 
16°, and 40^ 


Density of Aqueous Acetic Acid (Oudemans) 



Density 

p, 0 

atO® 

at 15° 

at 40® 

0 

0 9999 

0 9992 

0 9924 

1 

1 0016 

10007 

0 9936 

2 

10033 

10022 

0 9948 

8 

1 0051 

10037 

0 9960 

4 

10069 

10052 

0 9972 

6 

10088 

10067 

0<984 

6 

10106 

10083 

0 9996 

7 j 

10124 

10098 

10008 

8 

10142 

10113 

10020 

9 

10159 

10127 

10082 

10 

10176 

10142 

10044 

11 

10194 

10167 

10056 

12 

10211 

1 0171 

10067 

13 

1 0228 ! 

10185 

10079 

14 

1 0245 

10200 

10090 

16 : 

1 0262 

1 0214 

10101 

16 

1 0279 

1 0228 

10112 

17 1 

1 0295 

10242 

10123 

18 j 

1 0311 1 

10256 

10134 

19 

1 0327 

10270 

10144 

20 

1 0343 

10284 

1 0156 

21 

10369 

10298 

10166 

22 

1 0374 

10311 

1 0176 

23 

10390 

10324 

1 0187 

24 

10405 

10337 

10197 

25 

1 0420 

10360 

10207 

26 

10436 

10363 

1 0217 

27 

1 0450 

10375 

1 0227 

28 

10466 

1 0388 

1 0286 

29 

1 0479 

10400 

1 1 0246 

80 

10493 

10412 

1 1 0256 

81 

10507 

10424 

1 0264 

82 

10520 

10436 

1 0274 

83 

10534 

10447 

1 0283 

34 

10547 

10459 

1 0291 

86 

10560 

10470 

10300 

86 

10573 

10481 

10308 

87 

10686 

10492 

10316 

88 ’ 

10598 

10502 

j 1 0324 

89 

10610 

10513 

1 03^2 

40 

1 0622 

1 0523 

1 0340 

41 

10634 

10533 

10348 

42 

10646 

10643 

10855 

43 

10667 

10552 

10363 

44 

10668 

10562 

10370 

46 

10679 

10671 

10377 

46 

10690 

10680 

1*0384 

47 

10700 

10589 

1 0391 

48 

10710 

10698 

10397 

49 

10720 

10607 

10404 

60 

10730 

10616 

10410 

61 

10740 

10623 

10416 

62 

10749 

10631 

10423 

63 

10768 

10638 

1*0429 

64 

10767 

10646 

10484 

66 

10776 

10668 

10440 

66 

10788 

10660 

10446 

67 

10791 

10666 

10460 

68 

10798 

10673 

1*0466 

69 

10806 

10679 

104t>0 

60 

10818 

10686 

10464 

61 

10820 

10691 

1 10^8 

62 

10826 

10697 

10472 

63 

10832 

10702 

10476 
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0,IL0. 

Density 

p «. 

»to° 

at 16® 

at 40® 

64 

10838 

10707 

10479 

66 

1 0846 

10712 

10482 

66 

10851 

10717 

10485 

67 

10856 

10721 

10488 

68 

10861 

1 0725 

10491 

69 

10866 

10729 

10493 

70 

10871 

10733 

10496 

71 

10876 

107^7 

1 0497 

72 

1 0879 

1 0740 

10498 

73 

10883 

10742 

1 0499 

74 

1 0886 

1 0744 

10500 

76 

10888 

1 0746 

10501 

76 

10891 

10747 

10501 

77 

10893 

10748 

10501 

78 

10894 

10748 

10500 

79 

1 0896 

10748 

10499 

80 

10897 

10748 

10497 

81 

10897 

10747 

10495 

82 

1 0897 

10746 

10492 

83 

10896 

1 0744 

10489 

84 

10894 

1 0742 

10485 

86 

10892 

10739 

10481 

86 

10889 

10736 

10475 

87 

10885 

1 0731 

10469 

88 

1 0881 

1 0726 

10462 

89 

10876 

10720 

10465 

90 

10871 

10713 

10447 

91 

— 

10705 

10438 

92 

— 

10696 

10428 

93 

— 

10G86 

10416 

94 

— 

10674 

10403 

96 

— 

10660 

10388 

96 

— 

10644 

10370 

97 

— 

10625 

10350 

98 

— 

10604 

10327 

99 

— 

10580 

1 0301 

100 

— 

10553 

10273 


The maximum density corresponds at 0° to 
•bout 81 p 0 , and at 40° to about 76 p c Ortho 
acetic acid, CH,C(OH)„ would contam 77 p c of 
HOAc 

Reactions — 1 Vapour mflammable, burmng 
with blue flame to water and COj — 2 Partly 
decomposed by passmg through a red hot tube 
yieldmg carbon and combustible gases, together 
with acetone, benzene, phenol, and naphthalene 
(Berthelot, A Ch [3] 33, 296) — 3 Dropped upon 
hot ZnCl^ it gives CO, CO,, CjH«, isobu 
tylene, and a little CH4 (Lebel a Greene, Am 2, 
26) — 4 Passed over evnc diist at 300°-860° it 
gives hydrogen, acetone, CO, and some propylene 
fjahn, M 1, 683) — 6 Mixes with strong suU 
phttnc acid without evolution of gas, but the 
mixture becomes hot, and if further heated 
gives off CO, mixed with SO,. Dissolves SO, 
without giving off gas, formmg sulpho-acetic 
acid Not sensibly altered by mtnc acid — 6 
Periodic acid converts it mto carbomc or formic 
acid, with formation of lodio acid and separation 
of wdine — 7 With chJorme m sonshme it forms 
mono* and tri chloro acetic acids {q v the 
one dr the other predominatmg according as 
the acetic acid ox the ohlorme is in excess — 6 
Heated with bromine in a sealed tube it forms 
mono and di bromo>aoeiie acids Not acted upon 


I by todinSf even In sunshine. — 9 With PCI, ft 
forms AoCl, HOI, and POOl, With PCI, it reacts 
thus SAcOH + 2PC1, « 8AcCi + P,0, + 8H01 — 

10 With PjSj the products arethio acetic acid and 
phosphoric oxide- SAcOH + PjS, » P^O, + 6AcSH 

11 With chromyl dichloride OrO Cl, it forms 
the compound Cr,0,(C,H,0,)i,8H,0 (Etard, A 
Ch [6] 22, 286) 

Detection — The solution supposed to contam 
acetic acid or an acetate is acidified with 
H,S04 and distilled The distillate*, if acid, is 
neutralised with KOH and should the’' give the 
following tests (1) FeCl, a brown ed colour, 
and a pp on boiling (2) AgNO, a white floccu- 
lent pp , sol hot water, separating in spangles 
when the solution cools (3) Evaporate to tiry 
ness, mix with As^O, and heat a disgustmg 
odour of cacodyl is perceived 

Acetic Acid Dibromide C2H402Br, [37°] is 
formed on treating acetic acid with bromine in 
presence of a small quantity of carbon bisulphide 
Orange red needles or thick roseate prisms veiy 
deliquescent, dissolving in water with great fall 
of temperature and separation of bromine, m 
alcohol, benzene, and glacial acetic acid with 
partial formation of substitution products At 
100° dissociation first takes place, but finally 
HBr and CjH^BrO, are formed 

Comjxmnds of acetic acid with Br and H Br 
On adding bromine to well cooled glacial acetic 
acid saturated with HBr, the whole solidifies to 
a mass of thick, rather large, tabular, crystals, 
which when dried have the composition 
(C2H,02)2Br2HBr, they fume in the air, melt 
and decompose at +8°, and are decomposed by 
water and by potash lye, yielding (C2H,02), Br, 
and KBrO, Heated m a seaJed tube, they 
yield bromacetic acid (Steiner, B 1874, 184) 
The compound (CgH^O,) JBr, HBr has also 
been prepared by Hell a Muhlhauser (J5 1878, 
241), who by using larger quantities of bromme 
have further obtained (C2H402)4BrB(BrH), m 
radiate groups of hard roseate crystads, w^ch 
may be dried in the lime exsiccator 

Acetates — Acetic acid is monobasic, the 
general formula of its normal salts bemg 
R(")(CH, COO)„ = R<">A'n 
the symbol denotmg an n valent radicle 
metallic or alkylic, and k! standing for CjjHjO, 
METALLIC ACETATES— The nor- 
mal acetates all dissolve m water, and most 
of them readily The least soluble are the silver 
and mercury salts, so that solutions of -♦hr- 
acetates added to mercurous nitrate or silver 
nitrate throw down white shinmg scales of mer 
ourouB or silver acetate But for the most part 
acetates are formed not by precipitation, but by 
the action of acetic acid on metalhc oxides or 
carbonates , many carbonates, however, those of 
banum and calcium for example, are not decom 
posed by acetic acid in its most concentrated 
state All acetates are decomposed by heat, most 
of them yielding carbon dioxide, acetone and an 
empyreumatic oil Those which ure easily de- 
composed, and likewise contain bases formmg 
stable carbonates, are almost wholly resolved into 
acetone and carb^ate, 

Ba(0 CO Me),-CX)Me, + BaOCV 
Those which, like the potassium and sodium 
salts, require a higher temperature to decompose 
them, yield more complex products, but always a 
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•ertain quantity of acetone Among the products 
lire found methyl ethyl ketone and methyl propyl 
ketctie, together dumasm O^HioO (Fittig, 
A 110 17) Acetates containing we^er bases give 
off part of the acetic acid undocomposed, the re- 
jr^ining poition being resolved into acetone and 
carbonic anhydride, or if the heat be strong, yield 
mg empyreumatic oil and charcoal the residue 
consists sometimes of oxide, sometimes, as in the 
case of copper aj;id silver, of reduced metal , in this 
casfc«part of ^he acetic acid is burnt by the oxygen 
abstracted from the metal The decomposition 
of silver aS^tate may be expressed by the equa 
tion 

4 CH 3 CO^Ag - 8 CH, CO,H + CO 2 + C + 4Ag 
(I\sig a Hecht, B 19, 238) Acetdtea heated 
with a large excess of fixed caustic alkah, are 
resolved at a temperature below redness mto 
marsh gas and alkaline carbonate, e g 
KC;B,0^ + KOH =. K,CO, + CH, 

Acetates distilled with sulphuric acid and aloo 
hoi yield ethyl acetate The acetates of the 
alkali metals, and probably others also, treated 
with phosphorus oxychlonde, yield acetyl chlo- 
ride, together with a tribasic phosphate 
SNaOAc + POCI3 =» 3AcCl + NajPO^ 

Many acetates may be decomposed by water 
into acetic acid and metalhc omde This de 
composition in the case of aluminic and feme 
acetates occurs at 100 °, while at 175° the acetates 
of Mn, Co, Ni, Zn, Ur, Cu, and Ag, as well as 
ferrous and mercuric acetates, are slowly de- 
composed (Riban, C R 93, 1140) 

Alu mini u m Acetates —The normal tall AlA', 
exists only m solution, being decomposed on 
evaporation The solution, which is much used 
as a mordant m dyeing and calico-printing, and 
is called ‘ red liquor ’ because it yields madder 
reds and pinks, may be formed by dissolving 
freshly precipitated aluminium hydroxide in 
strong acetic acid, or by precipitating a solution 
of normal alummium sulphate with lead acetate 
Al.(SO J, + SPbA'a = SPbSO^ + Al^A', 

When quickly evaporated at a low temperature, 
by spreadmg it out m thin layers on glass or 
porcelain, it leaves a soluble basic acetate 

Al^O, 2 C 4 H 3 O, m^O or Al,0(AcO), dH^O, 
formmg a gummy mass perfectly soluble m 
water , but, if heated, or left to evaporate at ord 
temp , it deposits insoluble basic salts, contaming 
in the first case two, and m the second five mo- 
lecules of water, instead of four The soluble 
^etate exposed in dilute solution to the tempera- 
ture 01 boihng*water for several days, undergoes 
a remarkable change, the whole or nearly the 
whole of the acid being expelled and a peculiar 
modification of alumma remaimng dissolved (v 
Aluminium) (Walter Orum, C J 6, 216) A 
dilute solution of aluminio acetate, free from 
B^ali, may be boiled without a pp being formed 
(Iteimtzer, M 8 , 259) 

Ammonium Acetates — The normal salt NH^A' 
[89°J, obtomed by saturatmg glacial acetic acid 
with dry ammonia gas, is w^te, odourless, ex- 
tremely soluble, and difficult to oxystallise, its 
aqueous solution when evaporated giving off 
ammonia and leaving the acid salt (Berthelot, 
Bl 22, 440 , Smit, Bl 24, 689 , Bahnnann, J pr 
[2] 27 , 296) When distilled with phosphoric 
anhydride it loses 2 moL water, and gives off 
aoetomtrile - 2H,0 The 


aqueous solution known in the PharmacofxBia as 
Spiritm Mindererx is prepared by saturatmg 
aqueous acetic acid with ammoma or ammonium 
carbonate The acid salt NH^HA'^ (145°) is ob 
tamed as a crystalline sublimate with evolution of 
ammonia by heating powdered ammomum chlo 
ride with potassium or calcium acetate (v Acet- 
amide) When commeicial ammomum acetate 
IS dissolved in its own weight of glacial acetic 
acid, an acid salt is obtained m long needles, 
having the composition 2NH4A'3HA' (Berthelot, 
Bl 24, 107) 

Banum Acetate BaA'jaq, prepared by de- 
composmg the carbonate or sulphide with acetic 
ac^d, is obtained, on evaporating the solution at 
a gentle heat, in flattened prisms , and on cool- 
ing to 0°, in monoclinio pnsms, BaA'jSaq The 
crystals dried at 100° yield the anhydrous salt 
as a white powder, resolved at a high temperature 
mto banum carbonate and acetone S G (of 
BaA>q) 2 02, (of BaA'^) 2 47 (SchrSder) V e 
sol water, insol alcohol 

Acid Salta — BaA '2 HA'2aq — BaA'22HA'2aq 
(Vilhers, Bl 30, 177 , C R 85, 1234) 

Double Salt — ^BaA'(N 03 ) 4 aq (Lucius, A 108, 
113) 

Bismuth Acetate separates m micaceous 
lammffi from a warm mixture of bismuth nitrate 
and potassium acetate Acetic acid mixed with 
a solution of bismuth nitrate prevents the pre- 
cipitation of that salt by water 

Cadmium Acetate CdA'jSaq — Monochnio 
pnsms V e sol water, deliquescent and diffi 
cult to crystaUise (Hauer, Site B 16, 131) S G 
2 01 (dry, 2 34, Schroder) 

Calcium Acetate CaA'jftq Small efflorescent 
needles V sol water, si sol alcohoL S G of 
aqueous solutions of CaA', at 17 5° (Franz, J pr 
[2] 6, 298) 


PO 

8G 

1 PO 

BQ 

PC 

SG 

1 

10066 

11 

1 0527 

21 

1 0925 

8 

10198 

13 

10597 

23 

1 1027 

6 

10330 

15 

10666 

25 

11130 

7 

10394 

17 

10750 

27 

11248 

9 

10458 

19 

10834 

29 

11366 


Calcic acetate sphts up on distillation mto 
GaCO, and acetone 

salt CaA'jHA'liaq Hygroscopic 
Double salt CaA'jCaOlalOaq Monochnio 
prisms, permanent m air 

Cerous Acetate Ce^A'.Saq forms radiate 
groups of small needles, which become anhydrous 
m dry air without losing their crystallme form , 
after drying at 115° they carbomse at a higher 
temperature without fusing, and when strongly 
heated leave a residue of cerous omde (Large, 
J pr 82, 129) 

Chro^um Acetates — The chromoua 8aU% 
CrA'jaq, obtained from the chlonde by decom 
position with potassium or sodium acetate, forms 
red transparent crystals which when moist ab- 
sorb oxygen very rapidly from the air, sometimes 
taking fire (Peligot, A Oh [8] 12, 641) ^or 
mol Chromic Acetate Ctfjkffi&q is obtamed by 
evaporating a solution of ohromio hydroxide in 
aoetio acid, as a green orystaUme mass, msoluble 
m alcohol Its aqueous solution, green by oh 
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fleeted, red by transmitted light, is not deoom> 
posed either by boiling or by addition of lime 
water, but ammonia throws down from it a 
green precipitate of chromic hydroxide, soluble 
in excess (H Schiff, A Ch [3] 71, 140, Schdtz- 
enberger, Bl [2] 4, 86) The solution of the nor- 
mal acetate heated for several days with excess 
of chromic hydroxide loses its acid reaction, and 
yields by evaporation a green powder soluble m 
water, consisting ofabasicacetate Cr^'^j(OH)j, 
Sohifl, A 124, 168) 

Chrormc Diacetotetrachlondet OrjA'jjCl^ is 
obtamed by dissolving Cr^OCl4 m strong 
acetic acid It is an unstable salt, which gives 
off acetic acid when heated above 100° 
chlorine is but very slowly precipitated from it 
by silver mtrate at ordinary temperatures, but, 
on the other hand, the salt easily yields acetic 
ether when heated with sulphuric acid and 
alcohol (Schiff) — Chromic Diaceto sulphate 
Cr^A '2(804)2, obtained by dissolving chromic 
disulphate in acetic acid, is a orystalhne salt 
which becomes anhydrous at 100°, and gives off 
acetic acid at a higher temperature (Schiff) — 
Chromic Pefutaceio nitrate Cr2A'5NOa4aq is ob- 
tained by mixing a solution of chromic hydroxide 
in a slight excess of acetic acid with a solution 
of the same quantity of chromic hydroxide in 
the exact quantity of nitric acid required to 
dissolve it The concentrated solution, when 
loft to itself, deposits an abundant crystallisation 
of a dark green salt, which may be purified by 
recrystallisation from water or from glacial acetic 
acid It forms dark green bulky lammas, which 
give off nitrous fumes at 100°, the chromium 
being at the same tune converted mto tnoxide 
(Schutzenberger) 

Cobalt Acetate OoA'sdaq — ^Bed needles 

Copper Acetates — The cuprous salt Cu^A', 
sublimes towards the end of the distillation of 
normal cupnc acetate Accordmg to Berzelius, 
it IS contained m green verdigris and subhmes 
on distillation Soft loose white fiakes which 
redden htmus and have a caustic astringent 
taste Decomposed by water, yieldmg normal 
cupnc acetate and cuprous oxide 

The normal cupric salt CuA'xSq is prepared 
by dissolvmg cupric oxide or common verdigris 
in hot acetic acid, or by decomposing normal lead 
acetate with cupnc sulphate Dark green mo- 
noolmic crystals (S G 19), efflorescent, soluble 
in 14 pts cold and 5 pts boiling water, sparmgly 
also m alcohol, msoluble in ether The solution 
boiled with grape sugar yields a red precipitate 
of cuprous oxide Cupnc acetate crystallised at 
8 temperature near 8° yields crystals contam- 
mg CuA'jdHjO A solution of cupnc acetate 
heated in a sealed tube at 200° forms orystalhsed 
cuprous oxide and cupnc glycollate (Oaseneuve, 
C R 89, 625) 

Acid Cupric Acetate CuA',HA'aq (Vil- 
hers, C R 85, 1234) 

Basic Cupric Acetates — These salts 
may be regarded as compounds of the normal salt 
witn OuO, as compounds of Ao^O with OuO, or, 
by taking account of water of crystalhsatian, as 
ace^ hydrates, e g 

Sesqmbasic OuO 2CuA'2.6aq » 

8CuO 2AoaO 6Aq-2CuA'(OH) CuAV^aq 
Dibasic OuO OuA ,6Aq = 2CuO Ac .0 6aq * 

9(HO OuA05aq. 


Tribasio 2CuO OaA^22aq ■» 8CuO Ac^O 2aq 
-2(HO CuA')Cu(OH)2 

They are contained m ^eomtrum verdugr^ 
{vert ds-gm), a substance obtamed by exposing 
plates of copper to the air in contact with acetic 
acid, and much used as a pigmenjb and ai^ a 
mordant m dyeing wool bla(& There are two 
vaneties of this substfince, the blue and the 
green, the former consisting almost wholly of 
^basio cupnc acetate, the latter* of tho sesqui- 
basic salt mixed with smaller quantities of the 
dibasic and tnbasio acetates The dibasic salt 
or blue verdigris is prepared at Mon^peUier and 
m other parts of the south of France, by ex- 
posing copper to the air m contact with fer 
menting wine lees The same compound ob- 
tained by exposing copper plates to damp air 
m contact with normal cupnc acetate made into 
a paste with water It forms dehcate, silky, blue 
crystalline needles and scales, which yield a 
beautiful blue powder They contam 6 mol 
water, which they give off at 60°, and are then 
converted into a green mixture of the monobasic 
and tribasic salt 

Green Verdigris is manufactured at Grenoble 
by frequently sprinkling copper plates with vine 
gar in a warm room, and in Sweden by die 
posmg copperplates in alternate layers with flan- 
nels soaked m vinegar 

Calcw cupric Acetate CaA'jCuA'jSaq, obtamed 
by heatmg a mixture of 1 mol CiiA'2 and 1 mol 
Ca(OH)2 with 8 pts water and sufficient acetic 
acid to dissolve the precipitated CuO, andevapo- 
ratmg the filtrate at 25°-27°, orystalhses m large 
blue square prisms, slightly efflorescent, giving 
off acetic acid and falhng to powder at 76°, 
readily soluble m water Another calcio cupnc 
acetate often exists m crystalhsed verdigns 

Cupric Aceto-arsenite CuA'23Cu(A802)2* — 
Schweinfurt green, Imperial green, Mitis green, 
and when mixed with gypsum or heavy spar, 
Neuweider green. Mountain areen Used as a 
pigment, and prepared on the large scale by 
mixing arsenious acid with cupnc acetate and 
water 5 pts of verdigns are made up to a thin 
paste, and added to a boilmg solution of 4 pts 
or rather more of arsemous acid in 50 pts 
of water The boihng must be well kept up, 
otherwise the precipitate assumes a yellow green 
colour, from formation of copper arsemte, in 
that case acetic acid must be added, and the 
boilmg continued a few minutes longer The 
precipitate then becomes crystalline, and ac 
quires the fine green colour pecuhar to the aceto 
arsemte The salt is msoluble m water, and 
when boiled with water for a considerable time, 
becomes brownish and gives up acetic acid 
Acids abstract the whole of the copper, and 
aqueous alkalis first separate blue cupnc hy- 
droxide, which when boiled with the hqmd is 
converted mto cuprous oxide, an alkalme arsenite 
bemg formed at the same time 

Bidyxnium Acetate DiA'a4aq 6»G 1 882 
S V S 207 8 — DiA'^aq ]^d needles S G 
2 237 8 V S 150 6 (Oldve, Bl [2] 48, 866) 

Erbium Acetate EbA',4aq — Isomorphous ' 
with didymium acetate (Thomsen, B 6, 712) 

Iron Acetates --iPdmius OMtate FeA'3 4aq, 
obtamed by dissolving iron or ferrous sulphide 
in strong acetic acid, separates on ooncent^tion 
In small colourless silky peedles, which dissolus 
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readily in water and quickly absorb oxygen from 
fhe air » 

Werrxc Acetate a not known in the solid state 
as a salt of constant composition The dark 
red solution of feme hydroxide in acetic acid 
(T^uor fem acetict) contams a basic salt The 
following basic f^mc a>oetates have been dis- 
tinguished Fe2A'^(OH)jj, obtained by dissolving 
at 60° the feme hydroxide horn 1 pt Fe in 10 
pts acetic acid of 30 pc and evaporating at 
70° Amorphous, soluble m alcohol and water 
(Oudemans, J 1858, p 282) ~Fe2A',(OH)g, pro 
bably oontimed in the red solution formed on 
treating Fe2A'3(OH)Cl2 {infra) with silver oxide 
Becomes syrupy in a vacuum but does not 
ory-^tallise , decomposes quickly at ord temp , 
forming an ochreous jelly (Scheurer Kestner) — 
Fe2A'2(0H)42Fe3 0, is the ochreous deposit 
formed in a solution of ferrous acetate exposed 
to the air Other basic salts appear to be formed 
in the decomposition of the normal salt by heat 
or otherwise A solution of feme acetate, quite 
free Irom other salts, is not ppd by boihng 
(Bemitzer, M 8, 257) 

Acetomtrates (Kestner, A Ch [3] 63, 422, 
68, 472 , J 1861, 307) —Formed by mixing so 
lutions of feme nitrate and acetate in various 
proportions, or by dissolving ferric hydroxide in 
various mixtures of acetic and nitric acids 
Mostly very unstable, decomposed by boiling 
with water — FeA'g(OH)^08 forms deep red flat 
tened prisms, very soluble in water and in alco 
holjinsol in ether — reA'dOH)N034aq forms red 
brown rhombic prisms, sol in water and alcohol, 
decomposing on slight rise in temperature The 
difonm duLceto nitrate Fe2(C0H)2(0Ac)2(N03)2 
IS very soluble in water and alcohol, msol m 
ether, very unstable 

Acetochlondes — Fe A'8Cl2(OH)3aq is ob 
tamed on cautiously adding nitric acid to a 
solution of FeClj in acetic acid at 86°, also when 
ferric hydroxide (1 mol ), acetic acid (1 mol ), 
and hydrochloric acid (1 mol ) are digested 
together at 40° for two or three days Very hard 
crystals, black by reflected, red by transmitted 
light, very soluble in water With silver oxide 
they yield ferric triacetate (K , Schift, A Ch 
[3] 66, 186^ — Fe2A'4Cl2, obtained by dissolvmg 
1 mol feme hydroxide in a naixture of HCl (2 
mol ) and (4 mols ), or by oxidising ferrous 

chloride dissolved in very strong acetic acid 
with mtnc acid Yellowish red crystals, sol in 
Y^tej* ^d in alcohol, easily resolved into acetic 
acid and Fe2A'8(OH)Cl2 Heated at 60° for 
twelve hours with silver mtrate, it is converted 
mto feme tetraceto dinitrate 

Fe2A'4Cl2 + 2AgNO, = 2AgCl + Fe2A'4(N08)2. 

Lanthanum Acetate LaA^,l^aq — Small 
needles (016ve, Bl [2] 21, 196) 

^ Lead Acetates, or Plumbic Acetates — The 
normal salt PbA'j 8aq, Sugar of lead, Sel sac 
charum Satumi, [76°] S G 2 6 — Prepared by 
dissaving lead oxide or carbonate m acetic aoid 
(Wichmann, J 1863, 788) 

Properhes — Monoolimo efflorescent crystals, 
easily soluble m water and m spirit of ordinary 
Btrez^th, msolnble in cold absolute alcohol, com 
pletely dehydrated by prolcmged boilmg with ab- 
solute alcohol An aqueous eolation saturated at 
16° contains 387 623g salt m a litre, and has aden- 
lity of 1 2867 (Michelya Kraft, J 1864, p 296) 


Density of the Aqueous Solution at 14® 
(Oudemans, Fr 7, 419 , J 1868, 29 ) 


Oryst Saltpo 

Density 

Oryat Saltpo 

Density 

1 

10067 

20 

11399 

6 

10317 

26 

11808 

10 

10669 

SO 

12248 

15 

1 1018 

83 

12626 


Normal lead acetate melts at 76°, begins to 
give off water with a portion of its acid a httle 
above 100°, and is completely dehydrated at 280° 
Above that temperature it decomposes, giving 
Ox^ acetic acid, carbonic anhydride, and acetone, 
and leaving metallic lead very finely divided and 
highly combustible The aqueous solution is 
partially decomposed by the carbonic acid of 
the air, carbonate of lead being precipitated, and 
a portion of acetic acid set free, which prevents 
further decomposition The solution is not pre 
cipitated by ammoma in the cold, but yields 
crystals of lead oxide when heated with a large 
excess of ammonia Normal lead acetate forms 
crystalline compounds with chlonde and peroxide 
of lead {Gm 8, 310) Bromine added to a solu 
tion of the normal salt throws down a brown 
precipitate of PbOg, which, if the liqmd be 
warmed, continues to form till 2 at Br have 
been added to 2 mol PbA j The solution then 
contains lead bromide and acetic acid 

2PbA'2 + 2n20 4 - Br2 = Pb02 + VhBr^ + 4HA' 
(Chapman a Smith, C J 22, 185) 

Basic Lead Acetates — Pb3A'8(^OH), 
formed by repeatedly drenching the normal salt 
with absolute alcohol, the residue crystallises 
from hot absolute alcohol in nacreous six sided 
plates, easily soluble in water, sparingly in cold 
alcohol (Plochl B 13, 1647) — PbA'2Pb02aq 
Lead vinegar, Acetum Satumi Prepared by 
dissolvmg htharge in the aqueous normal salt, 
and evaporating at a gentle heat, whereupon it 
crystallises m needles According to Wittstein 
{A 62, 253) the crystals contain only 1 mol HjO 
Easily soluble in water and m alcohol of 90 p o 
Eeacts alkaline Decomposed by COj A so- 
lution of this salt mixed with alcohol forms 
Goulard's lotion — PbA'22PbOaq, obtamed bydis 
solving PbO in normal lead acetate, or by mixing 
a solution of the normal salt with ammonia 
Crystallises m silky needles, soluble m 6 56 pts 
water at 100°, insoluble m absolute alcohol 
(Payen, A 25, 124 , A Ch [4] 8, 6 , Ldwe, J 
pr 98, 385 , J 1866, 236) 

An Aceto chloride ClPbA' is formed by heat 
ing recently precipitated lead chlonde with nor- 
mal lead acetate and acetic acid at 180°, and 
crystalhses m monoclimc prisms Decomposed 
by water into lead chlonde and the more soluble 
salt PbA'gClPbA' The analogous compounds, 
BrPbA' and IPbA' obtained m like manner, form 
small monoclmio crystals (Canus, A 126, 87) 
Sodio and Potassw plumbic A/xtates — 
PbA'jNaA'faq Monoclmio crystals (Eammels- 
berg, J 1865, 603) —PbA'^Pb04KA' is formed on 
adding potash lye (8 G. 1 06) with agitation tp 
a boiling solution of normal lead acetate to G 
1 26 to 1 30) Crystalline palp, moderately sa- 
lable m water (Taddei, J 1847--8, 648) 

Aceto formate 
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Keedles, easily soluble in water, spanngly in 
alcohol (Pldohl B 13, 1645) 

Lithium Acetates — LiA^2aq Bhombic 
prisms [c 70°] Dissolves in less than ^ pt 
water at 15° , in 4 64 pts alcohol ol density 0 81 
at 14° (Pleisch Zeitschr f Physik^ 4, 108) Ac- 
cording to Rammelsberg (A 66, 221), the crystals 
contain only 1 mol H^O — LiA'HA , obtained by 
spontaneous evaporation of a" solution of the 
normal salt in glacial acetic acid [99°] Ro 
tates on water Under somewhat different cir- 
cumstances it crystalhses in small four sided 
plates, containing Aq and melting at 85° (Les- 
coeur, Bl 24, 61bJ 

Magnesium Acetate MgA'2 4aq — SG 1^45 
(Schroder) Monoclmic, slightly dehquescent, 
very soluble in water and in alcohol (v Hauer, 
J 1855, 601 , PatrouiUard, C B 84, 653) 

Manganous Acetate MnA'2 4aq — Pale red 
transparent monoclmic plates, permanent m the 
air, soluble m 3-3 6 pts water, also in alcohol 
S G 1 6 (Schroder) 

Acid Salt MnA'2HA'2aq (Villiers, Bl 80, 177) 

Manganic Acciaie MnA'a2aq — Browncrystals 
(Otto, A 93, 372 , Christensen, J pr [2] 28, 14) 

Mercury Acetates — 1 Hg^A'j Obtamed by 
precipitation Micaceous scales S 76 at 13° 
— HgA'2 Brilliant micaceous laminte S 26 at 
10°, 36 at 19°, 100 at 100 Dissolves with par 
tial decomposition m 17 7 pts alcohol (S G 
811) at 19° (Gw 8, 332) — An aceto sulphide^ 
HgA'jHgS, IS precipitated, on passing H^S into 
a solution of mercuric acetate, as a white crys- 
talhne powder — Mercuro dtammonium Acetate 
N^HjHgA'aHjO Rectangular plates , easily so 
luble in water, nearly insoluble in alcohol , 
smells of acetic acid, and decomposes gradually 
on exposure to the air (Hirzel, J 1851, 437) 

Nickel Acetate — Apple green prisms, soluble 
in 6 pts cold water, msoluble m alcohol (Tup- 
puti, A Ch 78, 164) 

Potassium Acetates — Normal salt KA' 
Terra foliata tartan — S 188 at 2® , 229 at 
13 9° , 492 at 62° (Osann) A boiling saturated 
Bolution oontams 8 pts salt to 1 pt water, and 
boils at 169° (Berzehus) Soluble m 3 pts cold 
and 2 pts hot alcohoL Exists m many plant 
juices White, difficult to crystallise, extremely 
dehquescent, msoluble in ether Chlorme passed 
into its aqueous solution hberates COj and forms 
a bleaching bquid On passmg an electric 
current through a concentrated aqueous solu 
tion of the salt, hydrogen is evolved at the 
negative pole, and at the positive a mixture of 
ethane and COj The principal decomposition is 
2(CH, COjH) w CjH, + 2COj + H^, methyl oxide 
and acetate being secondary products (Kolbe, A 
69, 257) On passmg COj-gas mto a solution of 
the salt in alcohol of 97-100 p c , a large quan- 
tity of potassium carbonate is thrown down, and 
ethyl acetate is formed (Pelouze, A 6, 266) 

Acid Potassvum Acetate EA'HA' is formed 
when the normal acetate is evaporated with an 
excess of strong acetic acid, and separates m 
needles or laminss, or m long flattened pnsms 
Very dehquescent, melts at 148°, and de- 
conjposes at 200°, giving off pure AcOH This 
affords an easy method of obtammg glacial 
acetic acid* Acid potassium acetate is also 
formed when the normal salt is distilled with 
butyno or valeno acid, but neither of these 


acids decomposes the salt thus produce^ Hence, 
when butyric or valeric acid i^ mixed with %ceti6 
acid, a separation more or less complete may be 
effected by half neutralising the liquid with 
potash and distilling If the acetic acid is m 
excess, acid potassium aoetat^ alone remains fee 
hind, the whole of the butyric or valeric acid 
passing over, together with the remainder of the 
acetic acid If, on the contrary, the other acid 
is m excess, it passes over uniriixed.wit\i acetic 
acid, and the residue consists ofi potassium 
acetate mixed with butyrate or valerate By re- 
peating the process a certam number of tunes, 
either on the acid distillate or on the acid sepa- 
rated froni the residue by distillation with sul- 
phuric acid, complete separation may be effected 
Acetic acid, therefore, is an exception to the rule 
that when a mixture of fatty acids and their po- 
tassium salts is boiled the most volatile acids distil 
over (Liebig, A 71, 355) — KA'2HA' [112°] S G 
1 4 Deliquescent plates (Lescceur, Bl 22, 156) 

Anhydrous Potassium Diacetate or ^otas 
Slum Pyroacetaie K2C8H,o07 = 2K0Ac Ac^O, pre 
pared by dissolving melted KOAc in boiling 
acetic anhydride, forms colourless needles very 
soluble in water, less dehquescent than normal 
potassium acetate Decomposed by heat, giving 
off Ac O (Gerhardt, A Ch [3] 37, 317) 

Rhodium Acetate RhA',2^aq (Claus, J 1860, 
218) 

Rubidium Acetate RbA' —Plates (Grandeau, 
J 1863, 184) 

Samarium Acetate SmA',4aq — SG 194 
S V S 205 b Yellow crystals (C15ve, Bl [2] 43, 
171) 

Silver Acetate AgA' (S 1 02 at 14°) sepa 
rates on mixing the concentrated solutions of 
AgNOg and NaOAc Dissolves in hot water, and 
on cooling separates as nacreous flexible laminse 
Heated with iodine it is resolved into silver 
iodide, methyl acetate, hydrogen acetate, COj, 
acetylene, and hydrogen (Birnbaum, A 162, 111) 
When dry, it combines with NH„ formmg 
AgA'2NH, (Reychler, B 17, 47) 

Sodium Acetates — NaA'Saq [58°] (128°) 
S G 1 4 S 26 at 6°, 42 at 87°, 69 at 48° 
(Osann) S (alcohol of S G 8322) 2 1 at 18° 
Crystalhses with 8H^O in monoclmic prisms, 
melting below 100° Accordmg to Reischauer 
{J 1860, 60), the crystals give off the whole of 
their water m a vacuum at ord temp The 
fused salt m damp air quickly takes up about 
7H2O, formmg a supersaturated sglution, ^derdHs 
the unfused salt takes up from the air only the 
original 8H2O When the aqueous solution of 
NaA' turns mouldy, oxygen is absorbed, and small 
quantities of alcohol and formic acid are pro 
duoed (B^champ, Z 6, 438) 

The S G of solutions containing the follow 
mg percentages of NaA'is given by Franz (/ 

[2] 5, 297) as follows 


PO 

8.0 

PO 

ao 

PO 

ao 

1 

10068 

11 

10691 

21 

11184 

8 

10174 

18 

10697 

28 

11254 

6 

10292 

16 

10802 

26 

11874 

7 

10390 

17 

10910 

27 

11606 

9 

1-0488 

19 

11018 

29 

11638 


The S G of a saturated »lution being 1 1842^^ 
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Acid Sodium Acetates Bl 29, 163 , 

86, 116, € R 86, 1284 , LesocBur, Bl 22, 166) 
— NaAllA'aq CuBio (Fehhng) — NaA'2]^' or 
NaA'2HA'aq Long needleg [127°] — 
6NaA'4HA'6aq — 4NaA'HAaiaq — 

* 6NaA'2HA'13aq 

The three last are, perhaps, mixtures 

Strontium Acetates ^SrA'j ^aq —Below 16° 
it crystallises with 4Aq in monoclmio prisms 
An ceeeto nitrate NOgSrA'IHjO forms triclimo 
crystals (Ha^er, J 1868, 281 , Zepharovich, J 
1860, 309) Villiers {Bl 30, 176) describes the 
following ac-d acetates 

SrA',HA'2aq 8SrA'24HA'6aq 2SrA',3HAl^aq 
Thallium Acet&tes —Thallom acetate TiA' 
While silky needles, easily soluble in Vater and 
in alcohol, and deliquescent (Crookes, C J 27, 
149) 

Acid Salt mm' [64°] (Lescoeur, Bl 24. 
^16) 

Baste Thallic Acetate TIA', 2T1 (OH), l^aq 
Colourless plates, readily resolved mto acetic 
acid aftd thallic oxide 

Tin Acetates — Tin dissolves slowly in boiling 
acetic acid, with evolution of hydrogen, and stan- 
nous hydroxide dissolves readily in the boiling 
acid, the solution when evaporated to a syrup 
and covered with alcohol yielding small colour 
less crystals Stannic hydroxide also dissolves 
in the acid, the solution when evaporated leavmg 
a gummy mass Stannic chloride forms a crys- 
talline compound with glacial acetic acid 

Uramum Acetates — Uranous acetate Warty 
groups of green needles — Uranic acetate or 
Uranyl acetate UO^'a, obtained by heating 
uranic nitrate till it begins to give off oxygen, 
dissolving the yellowish red mass, which still 
contains NOgH, in warm concentrated acetic 
acid, and evaporating to the crystallising point 
Crystallises from strongly acid solutions in 
yellow transparent monoclinic pnsms, containing 
XJ02A'^2aq, which dissolve in boiling water with 
separation of XJO,, but are reproduced on evapo 
rating the solution A weaker solution cooled 
below 10° deposits quadratic octahedrons of 
UO A'jSaq, which give off 1 mol H Oat 200°, the 
rest at 276° Double Salts — NH4A'U02A'23aq, 
NaA'UOjA'j, (regular tetrahedrons), and 
KA'UO^'^aq (quadratic pnsms), are obtained 
by adding the respective alkaline carbonates to 
a solution of uranic acetate till a precipitate is 
formed consisting of alkali metal uranate, redis- 
Bolvna^ this in a slight excess of acetic acid, and 
cooling to cr^talhsation The other double 
salts of the group are formed by boiling the 
carbonates with uranic acetate tiU all the UO, 
IS precipitated, redissolving in acetic acid and 
evaporating — BaA'22U02A'26aq Small yellow 

crystalline spangles, easily soluble in water, 
g^e off their crystal water at 276° (Wertheim, 
J pr 29, 227) — CaA',2UO^'28aq Sulphur- 

ycll(j;(v rhombic crystals, easily soluble in water, 
permanent in the air, becoming anhydrous at 
200°(Weselsky, / pr 76,55) — CdA'22UO,A'26aq 
Bichroic crystals — PbA'jUOjA', 6aq Tufts of 
pale yellow needles — MgA'22U02A', 8aq Beet- 
angular prisms — NiA'j 2U02A'2 7aq Emerald- 

green rhombic crystals — SrA'^OOgA', 6aq Sul- 
phur yellow crystals — ZnA'22U02A'5, 8aq Sul- 
hur }ellow crystals, isomorphoos with the 
ickel salt 


MnA'jUOjA', 6aq 7aq 

T1A'2U02A', 2aq LiA'UO.A', 3aq 

BeA'jUO^A', 2aq AgA'UOjA'^ aq 

Zinc Acetote — ZnA', 3aq [236° -257°] SG 

1 72 — ZnA', [242°] B G 1 84 —Monoclmio la 
mmsB Very soluble m water May be sublimed 
as ZnA',, especially in vacuo (Franchimont, B 
12, 11) ZnA', may be crystallised, in anhy 
drous state, from HOAc (Peter a Bochefontame, 
Bl [2] 42, 673) 

Tttrimn Acetate YA', 8aq(?) — Isomorphous 
with the acetates of didymium and erbium 
(CBve) 

ALKYL ACETATES Acetic Ethers 

Methyl Acetate CgH^O, or MeA' M w 74 
(6^) at 764 4 mm (B Schiff) , (56 3°) at 760 mm 
(Kopp) , (67 3°) (Gartenmeister) , (57 6°) at 
760 mm (Elsasser, Perkin) S G g 9643 (G ) , 
S 9677 (E ) , ^ 9398 (P ) , 9039 (Bruhl) , 

If 9286 (P), Y 8826 (S ) V D 2 663 (for 

2 564) C E (0Vl0°) 00133 (G ) , 00136 (E ) 

8 33 at 22° (J Traube) S V 83 66 (S ) , 83 2 
(G ) , 83 77 (E ) 1 3664 Boo 28 78 (B ) 

HFp 96,720 HFv 94,980 MM 3 362 at 
22° (P ) 

Occurrence — In crude wood vmegar (Weid 
mann a Bchweizer, P 43, 693) 

Preparation — 1 By ^stilling 2 pts wood- 
spints with 1 pt very strong acetic acid and 1 pt 
strong sulphuric acid, removing the excess of 
wood spirit by means of fused calcium chloride, 
and rectifying over sodium carbonate (Dumas a 
Pehgot [1835], A Ch [2] 68, 46) 2 By heating 

H,S04 (60 c c ) and MeOH (50 c c ) to 140° and 
running in slowly a mixture of equal parts of 
MeOH and HOAc (Pabst, Bl [2] 33, 360) 3 By 

distilling 3 pts wood spirit with 14 5 pts dried 
lead acetate and 6 pts strong sulphuric acid, 
agitating the distillate >Mth milk of lime, treating 
the supernatant oil with calcium chloride, and 
rectifying (Kopp, A 66, 181) 

Properties — Colourless fragrant liquid 
Soluble in water , mixes m all proportions with 
alcohol and ether 

Beactums —1 Aqueous solution only slightly 
decomposed by boiling — 2 Besolved by caustic 
alkalis into methyl alcohol and acetic acid — 3 
When poured on pulverised soda-lime it is 
violently decomposed, with formation of sodium 
acetate and formate, and evolution of hydro 
gen — 4 With sodium it reacts like ethyl acet- 
ate (g v), yielding as chief products sodium 
methylate, NaOCH, and methyl sodio aceto 
acetate, COMe CHNa COOMe —5 Decomposed 
by strong sulphuric acid, becoming hot, giving off 
acetic acid, and forming methyl sulphuric acid. 

Chloro methyl Acetate CHjClOAc (115° 
iV) 8 G 11? 1195 VD 3 70 (for 8 74) —Made 
by passing chlorine mto methyl acetate at 10° 
An oil Blowly decomposed by water, quickly by 
alkahs, giving HCl, HOAc, and formic aldehydei 
CH2C1 (OAc) + 2KOH» 

CH,0 + H,0 + KCl + KOAo 
With alcohohc KOAc it gives methylene acetate, 
CH2(OAc)a V formic aldehyde (L Henry, B 6, 
740) 

D% chloro methyl Acetate OHCl^Ao 
(145°-148°), S G 1 26, is formed by passing dry 
chlorme through methyl acetate at a gentle heat 
Colourless, pungent smelUng liquid Decomposed 
slowly by water, quickly by aqueous potash, 
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violently by slooholio potash, yielding fonmo, 
aoetic, and hydrochloric acids, 

OHCl,(OAc) + 3KOH« 

CH,(0K)0 + H,0 + 2KC1 + KOAo 
(Malaguti,^ 32,47) 

Tri-chlortnated Methyl Acetate 
C^jOljOs (146°) Laurent, A Ch [2] 73, 26 
Per-chlortnated Methyl Acetate 
GCl^O CO CClj Formed by prolonged action of 
Cl on methyl acetate v tr% ohlobo acetic acid 
E thyl Acetate C^HhO, or EtA' — Acetic 
ff&er M w 88 (76 5°-76 6°) at 745 6 mm (R 
Schiff) , (77 1°) at 760 mm (Elsasser) , (77 5°) 
(Gartenmeister) S G g 9253 (G ) , g 9239 (E ) , 
V 9007 (Bruhl) , H 9072, ^ 8971 (Perkn ) , 
8306 (S ) V D 3 087 (for 3 079) S H 43 
C E (0°-10°) 001263 (E ) S 6 at 17 5° S V 
105 7 (S ) , 106 1 (G ) , 106 15 (E ) ^^ 1 3771 

K* 36 46(B) HFp 114,710 HFv 112,290 
Vormatzon — (Lauragais, J d Sqavans, 1759, 
824 , Thenard, M&m d'Arcueil, 1, 153 , Dumas 
a. Boullay, J Ph 14, 113 , Liebig, A 6, 34 , 30, 
144 , Malaguti, A Ch [2] 20, 367 , [3] 162, 58) 

1 By heating alcohol with acetic acid or with 
an acetate and strong sulphuric acid 2 By dis 
tilhng calcium or potassium ethyl sulphate with 
glacial acetic acid (Liebig) 

Preparation — 1 By distiUmg a mixture 
of 3 pts potassium acetate, 8 pts absolute 
alcohol, and 2 pts sulphuric acid , or 10 pts 
sodium acetate, 6 pts alcohol, and 16 pts sul- 
phuric acid , or 16 pts dry lead acetate, 4^ pts 
alcohol, and 6 pts sulphuric acid The acid is 
first mixed with the alcohol, and the hquid is 
poured upon the pulverised salt, the mixture 
18 then distilled to dryness, and the product is 
punfied by digestion with calcium chloride and 
rectification — 2 Frankland a Duppa prepare 
ethyl acetate by gradually pounng a mixture of 
3 6 kilo of 97 p c alcohol, and 9 kilo strong 
sulphuric acid, on 6 kilo sodium acetate pre- 
viously fused and dried, leavmg the mixture at 
rest for 12 hours, then distilhng and rectifying 
the distillate (which is free from alcohol and 
amounts to 6 kilo ) over fused and pulvensed 
calcium chloride The best mode of mixing the 
alcohol and sulphuric acid is to pour the alcohol 
through a narrow glass tube to the bottom of 
the vessel contaming the acid, stirrmg the liquid 
continually by means of the tube It is best to 
leave the ethyl-sulphunc acid thus formed for 
24 hours before pounng it on the sodium acetate. 
3 A mixture of alcohol and acetic acid in 
molecular proportions is allowed to run mto sul- 
phunc acid at 180°, whereby ethyl-sulphunc acid 
is first formed, and this with the acetic acid 
forms ethyl acetate, which distils over, leavmg 
the sulphunc acid to be further acted on by the 
alcohol By this process 10 g sulphunc acid 
yield 232 g ethyl acetate (Eghis, B 6, 1177 , 
Pabst, Bl [2] 38, 360) 

Properties — Colourless fragrant liquid So- 
luble in 17 pts water at ord temp , dissolves 
036 pts. of water , freely miscible with alcoh ol 
and ether 

Reactions — 1 Bums with yellowish flame 
By dilute chromic acid it is oxidised to 
aoetm acid 04Hg02 + (Chapman a 
Thorp, C J 19, 484) — 3 Pesrmanent in the atr 
wdien dry, but gradually decomposing when moist 
Into alcohol and acetic acid , more quickly m 


contact with alkalis — 4 Converted by heating 
with sulphuric acid into ethvl oxide and acetic 
acid , with hydrochloric acid into acetic acid and 
ethyl chlonde — 6 The vapour passed over emo- 
dust at 300°-850° gives acetone, CO, hydrogen 
and ethylene (Jahn, B 13, 2107) — 6 With Itme 
in sealed tubes at 260°-280‘' it yields butyno 
acid as chief product, calcium acetate and ethy- 
late as intermediate products 

2CaO + 2EtOAo = Ca(OAc)2-t Oa(OEt>,- 
Ca(OH)2 + Ca(C,HA)3 

(Lubavin, Bl [2] 34, 679) —7 With alkaline 
hydroxides it yields acetic acid and ethyl alco- 
hol , with the anhydrous oxides^ acetic acid and 
a metallic ethy)ate 

2EtOAc-(^Ba(OH)2=rBa(OAo)2 + 2EtOH , and 
2EtOAo + 2BaO - Ba(OAc)2 + Ba(OEt), 
(Berthelot a Fleurieu, A Ch [3] 17, 80) — 
8 With a mixture of lime water and chloride of 
lime (bleaching powder), it yields chloroform 
(Schlagdenhauffen, J Ph [8] 36 190) — 9 With 
alcoholic KHS it forms, on heatmg, KO^c and 
H^S, but no mercaptan (C Gottig, J pr [2] 33, 
90) — 10 With sodium ethylate, forms, at 1^0°, 
sodio aceto acetic ether — 11 Ethyl acetate 
heated with sodium dissolves the metal, and the 
whole solidifies to a crystalline mass of sodium 
ethylate and ethyl sodio aceto acetate CjHgNaO, 
The reaction is either 

2(C A O Ac) Naj » NaOC^Hj + + H, , 

or 3(C2H, 0 Ac) + Na, = 3NaOC A + C A^aO, 

The quantity of hydrogen evolv^ vanes con- 
siderably according to the temperature and pres 
sure at which the reaction takes place, and the 
proportions of the matenals used , sometimes 
no gas 18 evolved (equ 2), and under no oircum 
stances yet observed is the quantity of hydro- 
gen evolved exactly equivalent to the sodium 
dissolved, as reqmred by the first equation 
Probably, therefore, the two reactions generally 
take place together (see, further, Aceto acetic 
Acm) — 12 With lodme and aluminium foil ethyl 
acetate yields ethyl iodide and aluminium ace 
tate, 6EtOAc + Ai2 + 3l2 = 6EtI + Al2(OAc)„ and 
a similar reaction takes place with all the alkyl 
acetates of the senes CnHtN+iOAo (Gladstone a 
Tribe, C J 80, 357) — 18 Ethyl acetate com 
bmes with titamo chlonde in vanous proper 
tions (Deman?ay, Bl [2] 20, 127 , C B 70, 1414) 
Ohdobinatbd Ethyl Acetates. — Chlonne is 
abundantly absorbed by ethyl acetate, and acts 
strongly upon it, even at ordinary temperatures, 
replacing two or more atoms of kydroget < the 
action is accelerated by heat ancT by direct sun- 
shine Seven compounds have been described 
as thus formed, containmg 2 to 8 at chlonne m 
place of hydrogen, but only three of them have 
been obtamed of constant composition, vis., 
those containing 2, 3, and 6 at chlonne 
Dichlorethyl Acetate 
C2H,Cl2.02H,0j 18 the product form^ when ethyl 
acetate is kept cool and m the shade dunng the 
action of the ohlorme Transparent oil S 0 
8 01 at 12° (Malaguti, A CK [2] 70, 86^ 

Trichloro-ethyl-acetate CH01,.0Htol OAo, 
metamenc with ethyl ^rt-OHLOBO aobtats (q v) 
H formed by the action of ohlorme at 120°, in 
presence of iodine, on ethylidene aceto-ohlonde, 
CH/)HC1 OAo (Kessel, B 10, 1999) 

^-OCl, CH^OAc (72°) at 18mm , (167®) at 786mm. 
S G 1 891 V D 6 89 Tor 6 63) From tn- 
ehloro'ethyl alcohol and AcCl at 180® Rectified 
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in vacuo ((]Nikrsfl.rolU>Thtimlacikh, A 210, 63) 
FtimiDg Qiko, oon verts it, at 16®, into tn-chloro- 
Ecetic%oid KOH forms tn-ohloro ethyl glycol- 
bo acid, CClg C£L 0 

Octo chlorinated Ethyl Acetate 
C^O^O, C^Clj OjCljOa is slowly formed on 
exposing the diohlonnated ether, together with 
ohlorme, at 100® to bnght summer sunshme 
The product, after distillation m a stream of 
carbon dioxide $o remove excess of chlorine, 
forms a coloTirless pungent oil which remains 
liquid below 0® S G 1 79 at 25® Boils, with 
partial decomposition, at 246® Its vapour 
passed over fragments of glass heated to 400® 
IS converted mto the isomeno compound chlor- 
^dehyde C,C1^0 » COl, COCl It is dewomposed 

Dy water and moist air, and more completely by 
KOH, into hydroohlonc and trichloracetic acids 
0,01* 0,01,0* -f 2H,0 = 2H01 + 2(001, 00, H) 
aieblanc,il Ch [3] 10, 197, Malaguti,i6 15,268) 
The following chlorinated acetic ethers are 
also known the compound of AiiDEHYDE with 
AoOl, ULYOOL ohloro-acetm, and the ethyl salts 
of the three ohlobo acetic acids 

Bbominated Ethyl Acetates O^El^BrjO,— 
CH ,Br CO OCHBr CH, (bromeihyl bromacetate), 
formed on heating e^ybdene acetate-chloride 
CHMeCl(OAo) with bromine at 100®-108®, boils 
underreduoed pressure at ldO-135®, and dissolves 
in boihng water, with formation of aldehyde, 
acetic acid, crotonaldehyde, acetal, ethyl bro- 
mide, and HBr The crotonaldehyde and acetal 
are secondary products formed from acetalde- 
hyde, produced m the first mstance as shown 
by the equations 

CH ,Br CO OCHBr CH, + C,H,OH - 
CH,Br COOC-H, + OH, CHBr(OH) 
and CH, CHBr(OH) * HBr + CH, CHO 
2Vt- and Tetra-bromvnated Ethyl Acetates 
C,H Br,0, and C^H^Br^O,, formed by the action 
of 1 or 2 mol bromine at 120® and 160®, respeo 
tively, on C*H,Br,0„ and freed from absorbed 
HBr by heatmg in a stream of carbon dioxide, 
are oily strongly fuming hquids, partly decom- 
posing on distillation , decomposed also by water 
and alcohol, the products contaming substances 
which reduce ammomacal silver solution, whence 
it appears that both these ethers produce 
aldehydes The pentahrormnated compound 
C,H,Br*02, probably CH,Br CO OCBr,.CHBr„ 
formed by heating C^H^Br,0, with 1 mol bro- 
mine at 170®, 18 a hquid which scarcely fumes 
in the air (176°) Its product of decomposition 
by wat£ does nSt reduce ammomacal silver so- 
lution Heated with excess of bromme, it forms 
C,H,Br,0, (195®-198°) (Kessel, B 10, 1994, 11, 
1917) Other brominated acetic ethers are 
CH,OHBr OAo v Aldehyde, CH,Br CH, OAo v 
Glycol, and the ethyhc Bbomo acetates 

Ethyl Ortho-aoetate CH, C(OEt), — Triethyhc 
aoAate , (142®), S G M 94, formed, toge^er 
with <1^01 C(OEt)„ by heating CH, CCl, with 
HaOEl m a sealed tube at 110® Fragrant 
liquid Decomposed by water mto alcohol and 
acetic acid (Qeuther, J 1870, 686) 

The acetates of the higher alkyls, OnHsn+i, 
are analogous in their properties and reactions 
to ethyl acetate, and are obtamed, m like man- 
ner, either by heatmg the corresponding alcohols 
with acetic and sulphunc acid, or by the action 
o4 ulvar acetate on the corresponding alkyl 


iodides The following table shows their boiling 
pomts and their S G m the liquid state 


Pn^l Aoetates O.H,OAo 
Kormal Propyl aoetat* 1 
Me(OH,),OAo or PrOAo j 
laopropyl acetate 1 

Me,0£L0Ao or PrOAo J 

Butyl Aettates OJE^OAo 
Normal Primary 1 

Me(CH,),OAoor \ 

OH,Pi^Ao } 

lioprlmary Me,OHOH,.OAo ) 
or OH,PrOAo ) 

Secondary Methyl ethyl j 
oarbyl acetate 1 

MeEtOH OAo ) 

Te.tiary Tnmethyl-oarbyl \ 
acetate OMea^OAo i 

Amyl Acetates OaH„OAo 
Normal Primary ) 

Me(CH,)^OAo . . / 

Isoprimary ) 

Me,CH(OH.),OAo f 

Beoondary Diethyl - oarbyl ) 
acetate Et.CH OAo j 
Methyl isopropyl-carbyl ) 
acetate MePrOHOAo j 
Methyl-propyl-carbyl > 
acetate MePrOHOAo f 
Tertiary Dimethyl ethyl ) 
oarbyl aoetato MeJBtC OAo j 

ffezyl Acetates 0*H„,OAo 
Normal Primary 1 

Me(CH,),OAo f 

Secondary Methyl butyl ) 
carbyl acetate 1 

Me(OH*),OHMe OAc ) 
Methyl t 


MeC 

Ethyl propyl-carbyl 

acetate EtPxOHOAo I 

Eeptyl Acetates 

Normal from n- heptane 
Do from CEnauthol 
Methyl-amyl-carbyl acetate ) 
Me(0,H„)OHOAo I 

Methyl Isc^myl-carbyl aoe- ) 
tate Me(0,H,,)0H OAo ) 
Ethyl Iso-butyl -carbyl aoe- ) 
tate Bt(OA)CHOAo / 

Octyl Acetates 

Normal (from oil of ) 

Heraeleum) f 

Methyl hexyl-carbyl aoetate i 
Me(0,H„)OH OAo / 

Bnnyl Acetates 
Prom Ennane in petroleum 
Ethyl hexyl-carbyl aoetate ) 
Bt<oja[„X3HOAo ; 

Deeyl Acetate 

Normal 0,^,,OAo. Crystal- ) 
line at 15 mm J 

Dodeeyl Aerate 

Normal 0«H„OAo, Solid- 1 
(151^) at 15 mm. J 

Cetyl Acetate 

0,^„OAo. Needles. [18 5°] l 
(300®) at 15 mm. / 

Oetadesyl Aesemit: 
0,A,OAo. [81®] (331®) at) 
15 mm. i 

JsO’eeryl Acetate t 
0^„OAo [67®] 


BP 

103® 

®0®-93® 

134° 
116 6° 
111 ® 
96 ® 

148 4® 
137° 
132® 
126° 
133® 
126® 

169 6® 
1660-167® 

1400-143° 

160® 

180° 

192® 

170° 

167® 

163° 

207® 

193® 

310® 

311° 


SO 
0*913 atO® 


0 0016 
0 8596 
0*893 


0 8968 
0 8837 
0 9090 


0*9223 
0 8909 


0 8890 at 17° 
0*8778 at 0® 


0 874 at 16® 

0 860 at 33® 


0 873 at 16® 


0 878 a* 9* 
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jUlylAoetotav Alltliobtiti. 

Phenyl Acetate v Phb>7ol 
Bensyl Acetate v Bes^yl aoetatb 
Methylene Bi-aoetate v Fobmio AnDSHTDB 
Ethylene Aoetatei v Gltool 
Polyethylenic Acetates t; Glyooii. 

Ethylene Aoeto-butyrate v Qlycou 
Ethylene Aceto-chlonde v Glyool 
Propylene Acetate t; Fbopylene olyool. 
Butylene Acetate v Oxy butanes 
Amylene Acetate v Oxy pentanes. 

Glyceryl Acetates v Glycerin 
Substitution products of Acetic Acid v 
Bbomo acetic acids, Chloro acetic acids, Iodo 

ACETIC ACIDS, CtANO ACETIC ACID, SULPHO-CYANO 
ACETIC ACIDS, SULPHO ACETIC ACID ' 

Other derivatives of Acetic Acid v Acetyl 

BROMIDE, BrOMO ACETYL BROMIDE, ChLOBO ACETYL 
BROMIDE, CyANO ACETYL BROMIDE, AcETYL CYANIDE, 

Acetyl chloride, Acetyl iodide, Di azo acetic 
ACID H W 

ACETIC BBOMIDE t; Acetyl bromide 
ACETIC CHLOEIBE v Acetyl chloride 
ACETIC CYANIDE v Acetyl cyanide 
ACETIC IODIDE v Acetyl iodide 
ACETIC OXIDE or ANHYDBIDE or 

Ao^O — Acetyl oxide^ Acetic acid, Anhydrous 
acetic acid — M w 102 (137 8°) at 755 mm 
(Kopp ) , (44 6) at 16 mm , (136 4®) at 760 mm 
(Kahlbaum) S G 2 1 097, 1 799 (K ) , ^ 

1 0816 (Bruhl) V D 3 47 (for 3 51) 1 3953 

Boo 36 82 (B ) S F p 132,860 H J* v 130,820 
Formation — 1 By the action of phos 
phorus trichloride or oxychloride on potassium 
acetate, 3KOAc + POCi, = K3PO4 + SAcCl, and 
AcOl + KOAo = ECl + Ac^O (Gorhardt, 1853, C F 
84, 756, 902 , A Ch [3] 37, 285) - 2 From po 
tassium acetate and benzoyl chloride, the first 
product of the reaction being acetobenzoio 
oxide, which, if the potassium acetate is some- 
what m excess, and the mixture is heated to a 
temperature somewhat above that required for 
its formation, is resolved mto acetic and ben- 
Eoio oxides KOAc + BzCl = KCl + AcOBz, and 
2AcOBz «= A03O + BzjO Similarly from potas- 
Bium benzoate and acetyl chloride (Gerhardt) — 
8 By digesting glacial acetic acid and acetyl 
chlonde m molecular proportions (Kanonnikoff 
a. Saytzeff, A 185, 192) — 4 From lead or silver 
acetate and carbon bisulphide 

2Pb(OAc)j + CS2 = 2PbS + 2AC3O + CO, 
(Broughton, Z 1865, 306) — 5 From acetal chlo- 
nde and barium oxide at 100° (Gal) — 6 In small 
quantity by the action of phosphono anhydride 
on glacial acetic acid ^Gal , Etard, B 9, 444) — 
7 By the action of leaa mtrate on acetyl chloride 
(Lachowicz, B 17, 1281) 

Preparation — 1 Acetyl chlonde (1 pt ) is run 
into sodium acetate (1 pt ) or potassium acetate 
(1^ pt ), and the product is distilled. As, how- 
ever, acetyl chloride is formed by the action of 
the chlorme compounds of phosphorus on acet- 
ates, it IB clear that, for the preparation of the 
anhydnde, this chlonde need not be quite free 
from phosphorus oxychlonde It is sufficient, 
indeed, to ^d POCI, (8 pis ) directly to an excess 
of^aOAo (10 pts) or EOAc (12 pts) and 
dn^, or to prepare a mixture of POOL and 
AoCli by the action of PCI, (7 pts ) on glacial 
aeetio ao d (2 pts ), and distil this mixture with 
KaOAo (20pts)or KOAc (24 pts) In aU these 


modes of preparation it is necessary to heat tha 
mixture strongly towards the end of the distilla- 
tion, because a portion of the acetic oxide unites 
with the excess of metallic acetate present, form 
mg a compound which requires a high temperature 
to decompose it The acetic oxide thus obtamed 
must be subjected to fractional distillation to free 
it from residual ohloridos and acetic acid (Eekuld, 
Lehrh 1, 670) —2 Hentsohel {B 17, 1286) pre- 
pares acetic anhydride by passing a rtream 0/ 
carbonyl chloride, COCl„ into fused dry sodio 
acetate 

Properties — Colourless, very mobile, strongly 
refracting liquid, having an odour like that of 
glacial acetic acid, but stronger 

Reactions — 1 With HCl gas acetic oxide 
acts strongly at 100°, forming acetic acid ana 
chloride Ac^O + HCl = AcOH + AoCl (Gal, A 
Ch [3] 66, 187) —2 With chlorine at 100° the 
products are acetyl chloride and chloracetic acid 
(C,H30),0 + Cl, = C AOCl + C,H,C10, 

(Gal) Similarly with Br With todine no action 
at 200°, but at higher temperatures HI is 
given off (Gal) — 3 With PCI,, it yields acetyl 
chloride ACjO + PCI, = POCI, + 2AcCl — 4 
Heated with solid aluminium chloride it forms 
acetyl chlonde and aluminium acetate 
8Ac,0 + AlCl, - SAcCl + Al(OAc), 
(Andnanowsky, »/■ R 11,116) — 6 Withpulvensed 
zinc chlonde at 100° it yields acetic acid, acetic 
oxide, and a dark brown residue having the 
composition C^H20 (Bauer, J 18b 1,438) — 6 By 
heatmg with zinc dust it yields acetone (Jahn, 
M 1, 696) — 7 Beduced by sodium amalgam it 
forms aldehyde, and afterwards alcohol 

(CH,CO) ,0 + 2H2 = 2CH ,CHO + H^O , 
2CH,CHO + 2H, - 2CH,CH OH 
(Linnemann, A 148, 249) — 8 Heated in CO, 
gas at 60° with Cl SO,.OH, it forms on acid, 
C^HeSO, (Gal) — 9 With urea, at the boiling- 
point, it forms acetyl carbamide, NHAcCO Nl^ 
No reaction with oxamide (Scheitz, Marsh a. 
Geuther, Bl [2] 10, 460) — 10 With nascent 
zinc ethyl (2 mol EtI and 1 mol Ac^O added to 
zinc sodium) it yields methyl -ethyl ketone 

(COMe),0 4- ZnEt, - ZnO + 2(Me CO Et) 

With zinc methyl in like manner acetone, 
Me CO Me (Saytzeff, Z [2J 6, 104) —11 Forma 
crystalline compounds with NaHSO, and with 
NHg The latter is formed by passing NH, mto 
an ethereal solution of Ao,0 at— 26° (Loir, C R 
88, 812) — 12 Gives a mirror with ammoniacal 
AgNO, (Loir) — 13 Decolonses aqueous KMnO, 
(Loir) — 14 Converted by H^SO^ at lw° mto 
sulpho acetic acid (Franchimont, C R 92, 1054) 

Compounds —A With potassic acetate 
A02O2XOAC, obtamed by dissolvmg dry potas- 
sium acetate m AcgO at 100°, crystaUises in 
needles, and is resolved into its constituents by 
heat (Gerhardt) B With aldehydes — G) 
With acetaldehyde acetic oxide forms the com- 
pounds C,H,OAo 20 and C,H^02Ac20 The 
first 18 obtained by heating its constituents 
together m molecular proportion at 180° m a 
se^edtube, and purified by fractional distillation, 
washing the portion which distils above 140° 
with hot water, and drying over CaCl,. It is a 
liquid which boils at 168°, has an alliaceous 
odour, and is resolved by heatmg with EOH 
into acetic acid and aldehyde— distinction 
from the isomeno compound, ethylene acetate 
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C;^,(OAc)j, which, when elmilarly treated, yields 
glycol, C,H,(OH), (Geuther, A 106, 249) The 
iecoisd oompoundf 0jH40 2ACi0, formed by 
heating paraldehyde with Ac^O at 160°, is a 
liquid having a density of 1 07 at 10° (Geuther, 
J 1864, 329) (2) With acrolein — The com 

potind C3H4OAC2CI 18 obtained by heating its 
components in molecular proportion at 100° for 
817 hours, or 1 mol acrolem chloride with 2 mols 
silver atetate at, about 160° Liquid immiscible 
with water, having a fishy odour and very sharp 
taste S G 1 076 at 22° , (180°) C,H402Ac,0, 

formed by heating metacrolein with Ac_jO at 
150°, IS an oily liquid boiling at 180 (Hubnera 
Geuther, A 114, 35 , J 1860, 306) (3 ) With 

hen^ldehyde — OyHyOACaO is formed hn heating 
bitter almond oil \Mth excess of Ac^U at 150°, 
and sepa'^ates on washing the product with water 
and potash as an oily liquid, which solidifies to 
a crystalline mass melting at 44°-45° (Hubner, 
fe" [2] 3, 277) These compounds may be 
looked upon as derived from ortho aldehydes^ 
XCH(t)H)2 Similar compounds will be described 
in articles on the several aldehydes C With 
other oxides — Vapour of SO-, is absorbed ty 
cooled Ac O, forming a gummy mass soluble in 
water Boi-xc oxide dissolves slowly in Ac O, 
forming a vitreous hygroscopic mass Insoluble 
tattanc oxide or anhydrule, C^H^Oj, dissolves at 
100° in acetic oxide, forming a syrup The 
same syrupy product is formed, together with 
PbClj, by the action of AcCl on lead tartrate 

Aceto arsenious Oxide C,H O^As^O, or 
Ac 0 OAs IS formed by dissolving As O, in acetic 
oxide at boiling heat, as a sjrupy liquid, which 
on cooling foims a vitreous hygroscopic mass 

Aceto hypochlorous Oxide AcOCl and 
Aceto hypoiodous Oxide AcOI have been 
descnbed as unstable compounds by Schutren 
berger {C R 52, 359 , 54, 1026 J 1862 240), 
but their existence has been called in question 
by Aronheim {B 12, 26) 

Aceto silicic Oxide Si(OAc)4[110 ] (148°) 
at 6mm From AcjO and S1O2 (Friedel a Laden 
burg, A 145, 174) Decomposed by water, heat, 
alcohol, or NH„ mto silica and HOAcAcjO, 
EtOAc, and NH^Ac, respectively A compound, 
8i(OEt)3(OAc) (c 195°), is formed from Si(OEt)4 
and AcjO 

Aceto-benzoic Oxide C^HgO, le AcOBz, 
from acetyl chloride and sodium benzoate, is a 
heavy oil Begins to boil at 150°, and is resolved 
at the^iame tune into AcjO and Bz^O By boil 
mg with water, and more quickly with alkalis, 


dnde m ether The mixture is effected gra 
dually, being attended with evolution 6f heat 
The ether is distilled off at a low temperature, 
and the flmd which remains is washed with 
water It is a viscid liquid with pungent taste 
It decolorises mdigo, oxidises manganous hy 
drate to peroxide, and potassio ferro to fern 
cyanide It acts generally as an oxidising 
agent It does not reduce CrO, or KMn04 
Baryta water is converted by it into barium 
peroxide and acetate It explodes when heated 
(Brodie, Pr 9, 363) H W 

ACET-IMIDAMIDE V Acetamedinb 
ACET-IMIDO-ETHYL-LTHEE 


j ^UEt 

(97®) Liquid The hydrochlonde is obtained 
' by passing dry HCl gas into a mixture of aceto 
I nitrile and ethyl alcohol (equal mols ) diluted 
with ^ their volume of ether, cooled to 0° C 
B'HCl, long trimetnc plates, decomposes at 
about 100° mto ethyl chlondo and acetamide 
(Pmner, B lb, 1654) 

ACETIMLDO-NAPHTHYL-AMIDE v Naph- 

THYL ACETAMIDINE 

ACETIMIBO-TOLTL-AMIDE v Tolyl-aceta- 

MIDINE 

ACETO-ACETIC ACID CH3 CO CH^ COjH 

orCH,C(OH) CHCO2H 

Occurrence —In urine of diabetic patients 
(Geuther a Bupstem, Fr 14, 419 , Deichmullsr, 
A 209, 30 , Tollens, A 209, 36 , Jaksch, H 7, 
487) 

Preparation — The ethyl ether (4 5 g ) is mixed 
with water (80 g ) containing KOH (2 1 g ), and 
after 24 hours the liquid is acidified and shaken 
with ether (Ceresole, B 15, 1327, 1872) 

Propel tics — A thick acid liquid, miscible with 
water At 100° it splits up into COj and ace- 
tone Nitrous acid gas forms CO, and iso mtroso- 
I acetone 

1 Salts — BaA'2 aq Amorphous V e sol water 

Violet colour with FeCIg — CuA'2 2aq Amorphous 
Ethyl Aoeto-acetate or Aceto acetic Ether 
CH,COCH, cost or CH, C(OH) CH CO Et 
Di acetic ether (Geuther, J 1863, 323), ethyl di- 
acetic acid (Geuther, J 1865, 302), acetone car 
boxylic acid (Frankland a Duppa, A 138, 211) 
(180°) (R Schiff, B 19, 561), (180 8° cor) 
(Geuther) , (180 6°-181 2°) at 754 mm (Bruhl) , 
(152 5°-153°) at 330 mm (Perkin) 8 G 1 0256 
(B ), § 1 046 (S ), P 1 0317 (P ), II 1 0235 (P ) 
1 4253 Bqo 51 62 (B ) S V 153 34 (S ) 


It is converted into acetic and benzoic acids 
(Gerh 3, 209) HCl converts it at low tempe 
ratures mto AcCl and HOfiz , at 150° BzCl and 
HOAo are also formed Chlorine forms AcCl and 
0 chloro-benzoic acid (Greene, C N 60, 61) 
^Aceto-cinnamic Oxide AoOC^^O Ob 
tamed like the preceding, which it resembles 
Oil, heavier than water, very unstable (Gerhardt, 
lb 887) 

Aceto-cumtnic Oxide Ac O Like 

the precedmg (Gerhardt, »5 509) 

Aoeto-salicylic Oxide Ac 0 C^HjO, Solid, 
dissolves in aqueous sodium carbonate, with 
formation of sodium acetate and sahoylate (Ger- 
hardt, ib 819) 

Acetic Peroxide C4H„04 or AojOj — Prepared 
adding BaO, to aosolution of acetic anhy 
Vofc, L 


MM 6 501 at 16 25 (P ) 

Formation — The formation of aceto acetic 
ether by the saponification of cyano acetone by 
alcoholic HCl (Matthews a Hodgkinson, B 
15, 2679) 18 denied by James {A 231, 245) 

Preparation —Ethyl acetate (Ikilo ),that has 
been carefully dried, is treated with so^um (100 
g ) m small pieces As soon as the first reaction 
abates it is heated with mverted condenser over 
a water bath for 2^ hours until the sodium is 
dissolved Dilute (50 p c ) acetic acid (660 g ) 
18 then added, and when the hqmd is cool, it is 
mixed with water (600 c c ) The light oily Hyer 
IB washed with a httle water and fraotioned 
The yield (175 g ) is small, but much ethyl ace- 
tate (400 g ) 18 recovered (Conrad, A 186, 214) 
Aceto aoetio ether may be still further purified 
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by ahakuig with cone aqneoue NaHSO„ with 
which it combines Impunties may then be ex- 
tracted by ether, and the compound of aoeto 
acetic ether with NaHSOg afterw ards decomposed 
by K^CO, (Ehon, R 3, 246) 

The formation of aceto acetic ether may be 
expressed by the equation 

20H, CO^t + Naj- 
CH, CO CHNa CO,Et + NaOEt + H*, 
the sodio aoeto acetic ether being afterwards de- 
composed by the added acetic acid 

OH, CO CHNa CO^t + HOAo » 

CH, CO CH, CO,Et + NaOAo 
See also p 21 

Properties — A liquid with an agreeable sweet 
odour Shghllv soluble in water, the liquid gitlng 
a violet colour with FeCl, Unlike its ethyl and 
acetyl derivatives, it forms a crystalline compound 
with NaHSO, (indicating presence of the ketonic 
carbonyl group, CO) 

Salts — Aceto acetic ether behaves as a mono 
basic acid This may either be ascribed to the 
situation of the group CH, between two CO 
groups, or else by having recourse to the formula 
CH, C(OHi CH CO,Et, which represents a com 
pound that might be expected, as a tertiary al 
cohol, to possess a phenolic character Like 
phenol, it gives a violet colour with FeCl, 
Sodio-aceto-acetic Ether 
CH, CO CHNa CO,Et or CH, C(ONa) CH CO,Et 
Needles Produced by the action of sodium or 
sodic ethylate upon aceto acetic ether in the cold 
Preparation — Sodium (10 g ) is dissolved in 
absolute alcohol (100 g ) , when cold dry ether 
(90 g ), followed by aoeto acetic ether (56 5 g ) di 
luted with ether (60 c c ), is added If the liquid 
18 well stirred with a little water (2 c c ) solid 
sodium acetacetic ether separates (Harrow, C J 
33, 426) The pp is a hydrate, which becomes 
dry m an exsiccator (Elion, R 3, 240) 

Reactiort^ — {a) With iodine in ethereal so 
hition it gives di aceto succinic ether (q v) —{b) 
Heated alone or with NaOEt it gives acetone, 
aceto acetic ether, NaOAc, and sodic dehydrace 
tate — (c) With alkyl iodides it forms alkyl aoeto- 
acetic ethers {q v ) 

CH, CO CHNa CO,Et + RT « 

Nal + CH, CO CHR' CO,Et 
Other lodo bromo and chloro compounds act 
similarly — (d) But with tn phenyl methyl bbo 
HIDE Pn,CBr it forms CH,CO C(CPh,)2C0,Et 
(Allen a Kolliker, A 227, 110) — {e) Chloroform, 
in presence of NaOEt forms oxy uvitic ether 
C,H,Me(OH)(C02H), [1 3 4 6j, the first 
stage probably being 

20H, CO CHNa CO,Et+NaOEt+CHOl,= 

OO.m OHAc OH-C(CO,Et) 00 CH,+ 3Na01 +HOEt 

(Oppenheim a Pfaff, B 7, 929 , 8, 884 , 9, 821, 
Conrad a Outhzeit, A 222, 249) 

Other Salts — A1(C.H,0,), Needles [76<^ 
Insol water, v e sol ether, benzene or CS, 
May be sublimed —Co(C,H,0,)2 Red pp Sol 
hot benzene or ether — Cu(CJB[,0,)a [182'^J 
Green needles (from alcohol) Insol water, v 
sol benzene, ether or CS, Got by adding 
Cu(OAc )3 to a solution of aoeto acetic ether m 
alcohol, the calculated quantity of ammonia 
being also added (Conrad a Guthzeit,B 19,19) — 
Mg(C,H,0,), [240'’] From aceto acetic ether 
and * magnesia-mixture ’ Plates (from ether- 
benzene) — Hg(O^H,0,)j Amorphous Formed 


by shaking aoeto-acetio ether with HgO< 
Ni(CAO.).- 

Reactions — 1 Boiled far a long tune, or 
passed through a red hot tube, it forms dehy 
draoetio acid, C,Hg 04 , and alcohol 

2 Boiled with alkalis it gives CO„ acetone, 
acetic acid and alcohol, according to the r^lao- 
tions CH, CO CH, qp,Et + 2KOH - 
CH, CO CH, + KjCO, + HOEt , 

CH, CO GHj^COgEt + 2KOH - « 

2CH, CO OK + HOtet 

8 Decomposed by water at 150^, or by strong 
acids, into CO, acetone and alcohol 

4 Action of sodium alcoholates — (a) Heated 
with dry NaOEt, or with aloohohe NaOEt, ethyl 
acetate la got in small quantity (12 of 
the theoretical) (Wislioenus, A 186, 193 » Isoert, 
A 234, 160) ~(6) 60 g heated with NaOEt 
(from 8 9 g Na) and MeOH (75 g ) at 130° gives 
methyl acetate (7 g ) and ethyl acetate (1 g ) 
Similar results are obtained by usmg PrOH in- 
stead of MeOH (Isbert) —(c) At 130° with NaOPr 
and excess of MeOH gives methyl acetate and a 
little propyl acetate —{d} Heated with alcohol 
at 180° it 18 not affected, but if a very little 
NaOEt be present it is completely decomposed, 
yielding EtOAc Similar results are got by 
using PrOH and NaOPr Resacetic Acid 
C„H ,,05 IB found m all these cases as a resinous 
body, not volatile with steam It forms brown 
amorphous salts, NaA', KA', and NH^A', soL 
water (Isbert, A 234, 167) 

5 Sodium forms i8-oiy butyncacid 

CH, CO CH CO,Et f H,- 

CH, CH(OH) CH,.C02Et 

6 Phenyl hydrazine m the cold forms, as 
with all ketones, a phenyl hydrazide 

Ph Nv 

I ^Me CHj CO,Et (?), 

HN^ 

but at 100° this loses EtOH and becomes methyl- 
oxy QDiNiziNE {q V ) (Knorr, B 17,2032) Pseudo 
cumyl hydrazine produces the homologous hy 
drazide CH, C(^N 2 HC,H,Me,) CH, CO^Et [78^] 
Longyellow needles (from alcohol), or thiokpnsma 
(from ether) V sol hot alcohol or ether, si sol 
cold alcohol or benzoline Very unstable, and at 
180°-140° changes to oxy tetra methyl-qumizine} 



(Haller, B 18, 706) 

7 Eydroxylamine forms, as with other 
ketones, the oiim CH, C(NOH) CH, CO^Et, 
^ Oximido-butync acid, CH, C(NOH) CH, CO^H, 
colourless crystals, [140°], si sol water, alcohol 
or ether (Westenberger, B 16, 2996) 

8 Fuming nibnc acid yields oxalic acid and 

OXIMIDO-XOETO ACETIC ETHBB (c V ) (PlOpper, A 

222 , 4 ^ 

9 Sulphwryl Chloride forms mono- or di- 
chloro aoeto acetic ether, according to the pro- 
portions used (Allihn, B 11, 567) 

CH,.CO 0H,.C02Et 4- SO, 01, 

CH, CO CHOI CO,Et + BO, + HOI , 

CH, CO CH.,.CO,Et + 280,01, » 

OH, CO CCl,.CO,Et + 2SO, + 2HOL 

10 Bromine gives mono , dn , fn-, and pen 
BBOMO AOETO AOETXO BTUE^ (Wodcl, A 219, $5)^ 
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11 CKlonm forms onl/ <2i-CHiiOBo<AosTo- 
jMnmo {q V 

1^ Phosphorus pentachlonde forms the chlo- 
rides of two Ohlobo cbotonio acids {q v) 

18 Dry prusstc actd heated with aoeto-aoetic 
ether for 8 days at 100 forms a ojanhydnn, 
OH, C(OH)(ON) OH, OO^t, which is converted 
by boiling dilute HCl into oxy pyrotartaric acid 
(G H Moms, 0 J 87, 7) 

14 Cyanogen chloride passed into sodio- 
aoeto acetic • ether forms Cyano aobto acetic 
ETHBB {q V ) CH, CO CH(CN) CO^Et (Haller a. 
Held, C B 96, 236) 

16 Ammonia^ whether dry (Precht, B 11, 
119^, aqueous or alcoholic (Duisber^, A 212, 
17 1)t produces the imide of aoeto acetic ether 

Aceto-acetic ether imtde CaH,,N02 [34®] 
(213® uncor ) at 760 mm, (154^) at 154 mra 
S G as 1 014 8 (cone NH,Aq) 1 25 Dry NH, 

iP greedily absorbed by aceto acetic ether, the 
compound CH, C(OH)(NH,) OH, CO Et being 
doubt^ss at first formed The liquid soon se 
parates into two layers, water and the imide of 
ac( to acetic ether The latter is purified by 
d stillation (Collie, A 226, 297) Properties — 
Colourless monoclinic prisms V si sol water, 
V sol alcohol, ether, benzene, CS, and CHCI3 
Moisture greatly lowers its melting point It is 
CH, C(NH) CH, CO FtorCHa C(NH ) CH CO,Et 
Jx actions — (a) Aqueous HCl splits it up into 
NH3 and aceto acetic ether (Duisberg) —(6) Cold 
dtlute NaOH has no action, but on wanning it 
gives NH,, HOE t, acetone andCO, —(c) Pb(OAc)^, 
HgCl,, ZnSOa, o*" ^'6Clg also splits it into aceto 
acetic ether and NH,, the latter throwing down 
the metallic hydrate AgNO, does not give any 
pp — {d) Glacial acetic acid also regenerates 
aoeto acetic ether on boiling —(c) Sodium amal 
gam gives ^ oxy butyric acid — (/) Nitrous 
fumes passed into aloohohe solution forms nitro 
so aceto acetic ether A by product CgH^NgOg, 
forms plates [170®] — (g) Aofi at 160° forms an 
acetyl derivative, CaH,oAcNO, [63®] (232°), which 
combines with bromine, forming CgHijAcBr^NO, 
[140°] — {h) Paraldehyde gives di hydro in me 
thyl pyndine di-carboxylic acid, which is also 
formed from aceto acetic ether, “NH,, and aide 
hyde — (i) EtI at 100® forms ethyl aoeto acetic 
ether and a base (0 290°), possibly ethoxy 
di methyl pyndine Condensation products 
C,.H„NO, [160°] Present in the brown resin 
got when CgHnNO, is distilled under atmo- 
spherif pressu^^ Insoluble m alcohol and ether 
Boiled with KOHAq it forms oxy di methyl 
pyridme carboxyho acid 

16 Aceto-acetic ether methyl imide^ 

CH,C(NMe) CH,CO,Etor 
CH,C(NHMe) CH CO,Et, 

(133°) at 60 mm , (216 ) at 760 mm , is formed in 
liMe manner from aoeto acetic ether and methyl 
amine (Kuohert, B 18, 618) With paraldehyde 
and •HjSO^ it gives a condensation product, 
C^HttO^N, which forms tnmetric crystals with 
blue nuorescenoe [86®] 

17 DtethykimimtormBB dt-ethyl-amido- 
orotomc ether ^ OH, CjNEtJ CHOOjjEt, a 
liquid (160°-168°) at 20 mm 

18 Heated with anthns (1 mol ) at 120® it 
yields 
*t 81® 

acid CH, 0(Ni^h) CH^COjiH By dissolvmg this 


scrystalhne body, 0„H|,NOji, which melts ! 
and IS probably the anmde of acet acetic i 


•ubstanoe in eold EsSO,, H3O is elumnated 
with formation of (Py 1) oxy (Py 8) methyl- 
QUiNOLiNB (Knorr, B 16, 2693) 

19 0 Phenylene-dnamme forms 

CeH,(N CMe CH, 0O,Et),. 

20 o Tolylene-dtcumvne gives 

CH, CH, COJEt 

(Ladenbnrg, B 12, 951 , Witt, B 19, 2977) 

21 With aldehydes (Claisen, B 12, 845) 

CHgCO CH, CO^t + RCOH - 
H,0 + CH, CO C(CH R) CO,Et 
The bodies are mixed in molecular proportions, 
and HCl is passed m at 0’ Or the bodies may 
be lieated with Ac^O Examples (Matthews, G J 
43, 200) —{a) Isobutyric aldehyde gives C,(,H,30, 
(219®-222®) Oil Smells like peppermint Com 
bines with bromine (6) Valeric aldehyde gives 
C„H„0, (237°-241°) SG ^ 9612 Oil 

Smells of strawberries (c) Chloral gives 
C,H„C1,0, (164°-168°) at 25 mm 8 G ^ 1 3420 
From chloral, acet acetic ether, and Ao^O at 
150® (d) Furfural gives OjjHjgO^ [62®], (188®- 

189^) at 30 mm From furfural, acet acetic ether, 
and Ao^O Easily soluble in chloroform, acetic 
acid, alcohol and benzene Large doubly refract 
mg crystals (from light petroleum and ether) 

22 Aceto acetic ether (2 mols ) condenses 
with aldehyde ammonia, forming di-hydro tn- 

MEfHYL PYRIDINE DI CARBOXYLIC ETHER (j V ) 

20H, CO CH^ COjEt + CH, CH(OH)NH2- 
3H,0 + C,H2NMe,(C02Et)2 
Smee the product contains three methyls and 
two CO^t groups, we may assume these to be 
identical with the same groups in the reacting 
bodies And inasmuch as the product is not 
acted upon by nitrous acid gas and forms an 
ammonium iodide with Mol, it would seem to 
be a tertiary base Nevertheless, inasmuch as 
methylamme and aldehyde give a similar body, 
the reaction may probably be represented thus , 
CHMe 

CO,Et CH O HC CO,Et 

MeCOH H, HOC Me * 

NH 


Me 

8H,0 + 00,Et 0 C CO,Et 
Me& CMe 


V 

(Hantsch, A 216, 74 , B 18, 2579) Other aide 
hy des m presence of NH, form similar denvativea 
of the pyridme series (u Methyl pybidinb) Thus 
cinnamic aldehyde and ammoma forms di- 
methyl styryl di hydro pyndine di carboxyho 
ether, H,0,NMe,(OH CHPh)(OO^t)a, [148 ] 
(Epstein, A 281, 3) 

28 With formaimde and ZnCL aoeto-aoetio 
ether gives di-methyl pyndme earboxyho ether 
(Oanzerom a. Spioa, O 14, 449) 

24 With acetamide and AlOl, it forma 
OH, 0(NAe) CH,.CO,Et [66°] Needles Converted 
by EOH into the amide of aoeto-aoetio ethea. 

26 Mixmg with acetarmdme hydrochlonde 
and dilute NaOH, and, after standing for somo 
days, evaporating to dryness and extracting 
with alcohol, yiel^ a di methyl-oxy-pynmidme, 

0 S 
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0 HgNjjO [190®] Needles V sol water or aloo- 
hol» si sol ether or benzene It is probablj 

CH.C/'' 

\n C(0H)/ 

Propwnarnidtne forms a homologue, methyl 
ethyl oxy pyrimidine [160°] Its hydrochloride 
forms thick pnsms, C^HjoN OHCl [c 243°] V e 
sol water, v sol alcohol— (C^H,„N,OHCl) PtCl4 
[236°] Prisms (Pinner, B 17, 2520 , 18, 2847) 
26 With urea m alcoholic solution it forms 
9 nramido crotonic ether (Behrend, A 229, 6) 
MeC(OH) CHCO.Et NH CONH,= 

NH, CO NH CMe CH CO Et + H 0 
The free 0 uramido crotonic acid, when liber^ed 
fiom its salts, changes at once into its anhydride, 
methyl uracil 

NHCONHCMe CH CO 


27 Thu) urea (40 g ), heated with aceto acetic 
ether (40 g) slowly to 150 \ gives a compound 
CgHgNgOS (6 g ), which may be thio methyl 
uracil It may be crystallised from water 
It dissolves in alkalis and is reppd by acids 
Its melting point lies abo\e 800° Its aqueous 
solution gives with AgNO^ an amorphous pp of 
CgH^Ag^N^SO (Nencki a Sieber, J pr [2] 25, 
72) If a httle HCl be added to an alcoholic 
Boluhon of thio urea and aceto acetic ether un 
stable needles are formed These are converted 
by alcoholic potash into potassium thio methyl 
uracil, CgH^KN^SO (List, B 19, 219) 

28 Aceto acetic ether (20 g ), phenyl urea 
(10 g ), and ether (6 g ) at 150° react thus 

OgHjoO, 4- = CjjHiaNjOg + HjO 

The product is an oil which is decomposed by 
alcoholic potash with formation of ammonia 
and aniline, and by boiling cone HCl with form 
ation of CO^, alcohol, acetone, and phenyl 
carbamic ether, PhNH CO^Et The reactions 
indicate that the body C,,H, ,N O, has the consti 
tution NPhH CO N CMe CHjCOjEt, or perhaps 

CO<^ \cMe CHj COjEt 
(Behrend, A 233, 1) 

29 Combines directly with di phenyl urea, 
in presence of a little ether at 150°, forming an 
oil, CijH^N^Oi This body is converted by al 
cohohe KOH into aniline and K^CO,, and by 
acids into phenyl-carbamio ether and aniline 
The body must be 

PhNH CO NPh C(OH)Me CH^ CO^Et 
Similar addition products are probably first 
formed in the case of other ureas, but H^O 
spUts off 

PhNH CO NH C(OH)Me CH^CO^Et- 

H,0 + PhNH CO N CMe C^ CO^Et 

80 p Di-azo toluene Chloride, actmg on an 
alcohohe solution of aceto acetic ether, forms 
yellow needles of p toluene azo aceto acetic ether 
[188 ] CgH^Me N, CH(CO CH.) CO^t (Richter a 
Munzer, B 17, 1929 , v azo compounds) 

81 J^ydrazo benzene at 100°--150° forms 
Host and a crystallme base, C.gHi.NjO (A 
Mulder, B 19, 1771) 

82 Copper aceto acetic ether is converted by 
COCl, into an anhydride of di acetyl acetone 
di-carboxylio ether, CO(CHAc CO^t)^ The 
Mihydnde may be . 


OH, 0 - 0 ~ C CH, 
COjEtO~00-lcO,Bt 

[80°] Sol glacial HO Ac, HjSO^, cone HOI, ben- 
zene, alcohol, or ether NH, converts this body 
mto oxy di meth^ 1 pyridme di carboxyho ethpr 
CH,C-NH-aCH, 


(Conrad a Guthzeit, B 19, 22) 

33 Aceto acetic ether, heated with CSg and 
PbO at 100°, forms ‘ thio carbonyl aceto acetic 
ether ’ CH, CO C(CS) CO Et [156°-162°] Yellow 
needles (from alcohol) (Norton a Oppenheim, 
B 10, 703) 

34 S CI2 converts sodium aceto acetic ether 
suspended in benzene into sulphido aceto acetic 
ether S(CHAc CO,Et)2 [81°] (Buchka, B 18, 
2092) 

35 With succinic acid it reacts thus 

C,H,oO, + - OjgH.^Og + 2H,0 

The product is a crystallme acid [76°], which is 
the acid ether of a dibasic acid CgHgOj [200°] 
(Fittig, B 18, 2526) 

Condensation products from a>ceto acetic ether 
— 1 By heat Passed through a red hot tube 
I it forms DKHYDRo acetic acid (q V ) and other 
products (Perkins, ]un C J 47, 240) — 2 By 
hydrochloric acid Dry HCl at 8° forms, in four 
weeks, acetic ether and ‘ carb aceto acetic ether * 
CgH.oO, (290°-295° uncor ) S G 1 136 This 
liquid IS slightly decomposed on distillation It 
gives no colour with aqueous Fe^Clg (Duisberg, A 
213, 179) Carb aceto acetic ether is also formed 
when aceto-acetic ether is heated with acetyl 
chloride at 120° (Wedel, A 219, 116) —8 By 
I sulphuric acid 

I CgH,(OH)(CO,H) CO 0 CgH,(CO,H)(C02Et) 

I [62°] Got by leaving a mixture of aceto acetic 
' ether (1 pt ) and cold cone H28O4 (2^ pts ) for 
i fourteen days and then pounng into water 
(Hantzsch, A 222, 4) Needles resemblmg as 
bestos SI sol cold water, m sol hot water and 
ether, v sol alcohol, v e sol chloroform De 
composed by heat It is acid to litmus and, 
when hot, has a spicy odour Its formation 
may be represented thus 

dCgHj.Og = C„H^A + 3C;B,0H 
Reactions — (a) Boiling alkalis form carbonate 
and acetate, acetone, and mesityl oxide (6) On 
neutrahsing with aloohoho potash it decomposes 
thus • 

O.H»(OH)(CO,H) CO 0 O.H,(OO,H)0O,Et + KOH» 

O.H,(CO^)<^^+OA(OO^t)<^^+SH.O, 

the potassium salt of mesitene lactone carb 
oxyhe acid being ppd while its ether remaius 
m solution 

Mesitene lactone Carboxylic Acid* 
CH, C C(CO,H) CMe CH CO 0 
I — I • 

[165®] (18O dehydracetic acid) Fluffy crystals 
(from water) SI sol cold water, v sol hot 
water Monoclmic pnsms (from alcohol) May 
be sublimed. 

Becuitwns — Distilled with lime it gives mesi- 
tyl oxide. 

—KA'^aq - NaA' — NH4A'— BaAV— 

CnA',2aq — A^A^ Strong 
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ooBvert iso dehydrseetio aoid into ozj 
meslKene dioarbt)zylio aoid, 

OH, C(OH)C C{CO^) CMe CH CO^, 
which forms a stable copper salt but 

its alkaline salts readily split ofiP CO, 

• 'C«H,(OH^(CO,Na), f NaOH - 

0,H,(OH)(CO^a) + Na,CO„ 
fonnmg oxy mesitene carboiylates These 
readily sindergo a similar decomposition 
CA(OH)(qp 2 Na) + NaOH = Na,CO, + C,H,OH, 
probably forming * mesitenyl ’ alcohol, which at 
once changes to mesityl oxide Baryta is the 
best alkali to use in these decompositions 
Mesitene Lactone 

CH, C CH CMe CH CO 0* 

I I 

[51 5°] ^246° oor ) From iso dehydracetic acid 
by distillation, or by heating with H^S 04 at 170*^ 
Glittering tables Veiy soluble in alcohol, ether, 
^r water, sparingly so m CS^ Tastes bitter and 
spicy Neutral to htmus Separated by K,CO, 
from aqueous solution Gives with Br in CS^ a 
bromo derivative, C^H^BrCOj [105°] Converted 
even by water into oxy mesitene carboxylic acid 
Hence it is a 9 lactone 

Oxy mesitene Carboxylic Acid 
C«H„(OH)(CO H)te 
CH, C(OH) CH CMe CH CO^H 
From its lactone (mesitene lactone) by boiling 
with water or, better, with baryta A thick 
Uquid, soluble m water Its salts are amor 
phouB, e g BaA',, CaA', These salts on boiling 
form carbonate and mesityl oxide 

Mesitene lactone Carhoxylale of Ethyl 
C,H,(CO EtjCO, te 
CH, C C(CO,Et) CMe CH CO 0 

j I 

Formed, together with its potassium salt, by the 
action of alcoholic KOH on the product of con 
densation of aceto acetic ether, as described 
above Also from its potassium salt by EtI Also 
got when aceto acetic ether, saturated with HCl, 
is left at 0° for a month (Polonowska, B 19, 
2402) Oil Reactions — (a) Br in CS, forms 
C,H,Br(CO ;Bt)CO, [87°] Needles (from alcohol) 
— {b) NH, passed into an alcoholic solution forms 
aatiny plates of C,H,(CO Et)(CO,NH,)(ONH,) 
melting at [104°], givmg off 2 NH 3 + H^O, and 
ohangmg to the lactone Warm water or cold 
alcohol also change it to the lactone Cold HClAq 
liberates C,H,(CO^t)(CO,H)(OH), which maybe 
extracted by %^her Smadl plates [76°] Boiled 
with water, two thirds are changed to lactone, 
and when the lactone is boiled with water, one 
third becomes oxy acid It forms salts of the form 
C,H,(OH)(CO,Et)(CO,H), viz CuA',aq, PbA',aq 
When the acid is boiled with alkali there is 
formed dehydracetic acid and its decomposition 
^oducts, mesityl oxide, acetone, and CO„ and 
the following decomposition also occurs 
0H,0-0(.00,m) CMe*OH.OO 0 + 8H,0* 

OH, 00,H+H0Bt+0H,(00,H) GMeOH OO.H, 
resulting m homomesacomc acid. 
Homomesaconic Acid 

CH,(CO,H)CMe OH 00^ 

[147®] Small prisms (from water) V sol cold 
water, and alcohol, si sol ether Not volatile 
with steam, but sublimes about 120° 

Salts -BaA^'diao — OaA^'aq --CuA'^aq - 
AgA^~KHA".-NE 5 HA" 


Ethyl etJutr (240®-242®) 

Theory of the Condensation — Aa acetone gives 
mesityl oxide 0,H,.0 or CH, CO CH C(CH,)„ 
so aceto acetic ether, if it is CH, CO CHaCOjEt, 
should give the dioarboxylic ether of mesityl 
oxide, C,H,0(C0,Et)„ or the acid,0,H,0(C0aH), 
Instead of this, it gives an isomende of the latter, 
CuH,(0H)(C02H)2, BO that the group CO CH 
must have changed to C(OH) 0 Assuming 
that this group pre exists m aceto acetic ether, 
the condensation would be as follows 

CH, C(OH) 0(CO,Et)H+H0 CMe OH CO,Et=» 
OH,C(OH) C(CO,Et) CMe-CH00,Et + H,0= 

OH, 0 0(00,Et> CMe CH CO 0+HOEt+H,0 
I 1 

Acetyl-aceto-acetio Ether 
CH, CO CHAc CO^Et or CH, C(OAo) CH COjEt, 
di aceto acetic ether (200°-205°) 8 G Hi 1 0b4 

(James) , 1 101 (Elion) From aceto acetic 

ether (65 g ), ether (50 g ) and sodium (9 g ), by 
adding a solution of AcCl (30 g ) m ether (50 g ) 
m the cold (J W James, 226,210, C J 47,1) 
Properties -Pleasant smelling liquid, slightly 
decomposed on distillation Miscible with alco 
bol, ether, and benzene, hardly soluble in water, 
but slowly decomposed by it into acetic acid and 
aceto acetic ether FOgCl, gives a raspberry red 
colour, removed by SO, 

Salts — Acetyl aceto acetic acid is a strong 
acid, and can expel acetic acid from its salts 
— CuA'22aq insoluble in water, [148°] — NaA' 
(Ehon H 3, 255) — NiA'22aq 

Reactions —1 NaOEt decomposes it into 
EtOAc and sodium aceto acetic ether 
Benzoyl-aoeto-aoetic Ether 

CH, CO CBzH CO^Et 

Prom sodium aceto acetic ether and benzoyl 
chloride alone (Bonn6, A 187, 1), or dissolved in 
ether (James, A 226, 220 , 0 J 47, 10) 

Properties — A fairly strong acid, capable of 
displacing acetic acid 

Salt — CuA '2 (from benzene) [180 -190°] 
Formed by shaking the ether with aqueous 
cupric acetate 81 sol alcohol or benzene, m sol 
ether 

o - N itro - benzoyl - aceto - acetic Ether — Pre 

pared as above, usmg nitro benzoyl chloride 
It 18 an oil Boiled with dilute H^SO^ it forma 
o nitro phenyl methyl ketone and also 0 nitro 
benzoyl acetone in smaller quantity Cone 
KOH forms a salt CH,CO C(C,H,NOJK CO,Et 
(Gevekoht, A 221,323) 


Constitution of Aceto-acehc Ether 

Some chemists adopt Frankland’s formula 
for aceto acetic ether, CH,CO CH, CO^Et , others 
prefer Geuther’s formula, CH, C(OHl CH CO,Et , 
while a third party, relying upon tns results of 
Baeyer’s researches mto the constitution of the 
denvatives of mdigo, consider that both formula 
are equally correct, or rather that at the moment 
of reaction the first may change mto the second 
Agamst Frankland’s formula it is argued 

(1) That the copper salt is blue or green, 
whereas compounds in which copper is united 
to carbon (e g copper acetyUde) are red or yellow 

(2) That it does not account for the exidlence 
of acetyl and benzoyl denvatives 

(S) The formation of hydro-qnmone di- 
caurboxyhc ether, a body containing two hydroosyls^ 
by the action of sodium on di-bromo-inelo aoetK 
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ether This indicates the presence of hydroxyl 
in di bromo-aoeto acetic ether 

(4) The action of ammonia, and especially of 
di ethylamine 

In favour of Frankland’s formula may be noted 
the compounds with NaHSOj, phenyl-hydrazme, 
and hydroxylamine 

The action of sodium upon aceto acetic ether 
would be represented by Franklaud’s formula, 
thus 

OH, 00 OH, 00,Bt+Na=0H. 00 ONaH 00,Bt+H 
Ethyl iodide converts the product into ethyl- 
aceto acetic ether 

OH, OOjONaH CO,Kt+EtI=OH, 00 CEtH OO.Bt+Nal 
These two reactions may be repeated upon|^^he 
ethyl aoeto acetic ether 

CH,.00 OBtH CO,Bt+Nu=CH, CO OEtNa.OO,Bt+H 
OH, 00 OEtNa C0,Et4-EtI = 0fl. CO Ctt, CO.Et+Nal 
Adopting Geuther’s formula, the four equations 
become 

0H,0( OH)*CH 00,Et+Na=CH, OfONa)*CH 00,Et + H 
CH, 0(0Na)<3H C0,Et + LtI = CH C(0Et)-CH OO.Et + NuI 
CH, C(OEt)'CH CO Et + Na=CH, C(OEt) CNaCO Et + H 
CH, 0{0E )-CNa.CO,Et+EtI = CH, C(OEt) CEtOO,Et+NaI 
It Will be seen that the third and fourth equa 
tions are similar to the first and second on 
Frankland’s hypothesis, but different m kind 
to the first and second if Geuther’s hypothesis 
be accepted Such a difference is not borne out 
by experiment Thus if it be held that the 
action of sodium upon aceto acetic ether depends 
upon its affinity for oxygen the third equation 
presents a difficulty And if we suppose that, 
owing to some intra molecular change, the third 
equation ought to be written thus 
CH,,C<OEt)-CH CO,Et+Na=OH,.C<ONa)-CEt 00,Et+H 
then by the action of acetic acid on the product 
we ought to get an ether CH, C(OH) CEt CO Et 
isomenc, not identical, with ethyl aceto acetic 
ether, C^ C(OEt) CH CO^t, but the two ethers 
are found to be identical (James, O J 47,1) In 
asmuoh as the change of CH, C(OH) CEt COJEt 
into CH, C(OEt) CH CO Et would be contraiy 
to all analogy, it is necessary, if we adopt 


Although the existence of acetal aoeto aoe^o 
j ether favours Geuther^a hypothesis, yet the fact 
that this body is a strong acid is wholly opposed 
to that view, and is very much better explained 
by the formula CH, CO CHfOO CH,) 00 OEt, 
since if two carbonyls can n^e the group CH, 
acid, A forhon three cvbonyls can have a simi- 
lar effect 

The formation of ethyl and di-ethyV acetone 
from ethyl aoeto acetic e^er and di-ethyl-aceto 
acetic ether respectively cannot explained 
on Geuther’s hypothesis 

If, therefore, we have to choose between one 
formula and the other, the balance of evidence 
would indwate CH, CO CHg CO^Et « 

Methyl aoeto-aoetate 0,^0, t e CH^c CO^Me 
(170° cor) SG e 1 037 (Brandes, /Z 8, 25) 
From sodium and methyl acetate Gives a cherry 
red colour with Fe^Cl„ Boiled with acids or strorn 
bases it gives CO^, acetone, and MeOH 

-CH, CO CHNa CO Me Si sol ether 
— Cu(CjH, 03 )/ 2 aq Separates on adding^supiio 
acetate and baryta water to the ether as pale 
green crystals, insoluble in alcohol 

Iso -butyl aoeto-aoetate CgHj^O, to 
CH^c CO,C,H„ (202°-206°) S G ^ 979 , aa 932 
From ISO butyl acetate and sodium 

Iso -amyl aceto - acetate C,Hi,0, te 
CHAcCOAH,, (223°) SG 1?, 954 From 
ifao amyl acetate and Na (Conrad, A 18G, 228) 
Converted by Cl into an oily di chloro derivative 
(Conrad, A 186, 243) and by NH, into the imide 
of aceto acetate of iso amyl [190 -195°] (Collie, 
A 22(), 319) 

ALKYLATED ACETO ACETIC ETHERS 
Sodium aceto acetic ether is converted by alkyl 
iodides into mono alkyl aceto acetic ethers, 
CH, CO CXH CO^Et The sodium derivatives 
of these are m like manner converted bj? 
alkyl iodides into di alkyl aceto acetic ethers, 
CH, CO CXY CO^t Such ethers are of great 
service in organic syntheses, for they are split up 


Geuther’s formula, to assume that the mode 
of formation of di ethyl aceto acetic ether is 
something very different from that of ethyl 
aceto acetic ether Again Geuther’s formula 
would make methyl ethyl aceto acetic ether, 
CH, C(OEt) CMe CO^Et and ethyl methyl aoeto 
acetic ether, CH, C(OMe) CEt CO^t isomeric, 
yet this does not appear to be the case (James) 
It may be said that there is some unproba 
bility in the assumption required by Frankland’s 
formula, of direct union between sodium and 
carbon, but such a union is known to occur m 
sodium acetylide and sodium ethide, and it is 
very probable m many cases, such as sodio- 
malonic ether, sodium mtro ethane, and sodio 
barbiturate In order that hydrogen attached 
to carbon may be displaceable by metals, it is 
necessary that very powerful chlorous groups 
should also be attached to the carbon, such as 
the mtroxyl m nitro-ethane One carbonyl, CO, 
is not sufficient to produce an acid, but two are 


Thug the hydrogen in the group CO CH, CO is 
displaceable by metals, as in barbituric amd, 
.NH COv 


Them considerations account for the acidity of 
aoeto acetic ether, if we assume Fraukiand’s 


formula CH,.CO 0H,.CX> OH. 


by weak alkalis into carbonic acid and mono or 
di alkyl acetones CH, CO CXY CO^t + 2KOH - 
CACOCXYH + HOEt + K^CO,, and by strong 
potash into mono or di alkyl acetic acid and 
acetic acid CH, CO CXY CO,Et + 2K0H - 
CH, CO,K + HCXY CO,K + HOEt 

In practice the ketonio and acetic deoompo 
Bitions both occur, at the same time, but tlie 
acetic decomposition lucreaseB with the con 
oentration of the alkali (Wislicenus, A 20^ 308) 
Preparation — The alkyl acetfr acetic ethers 
are prepared by dissolving the calculated quan 
tity of sodium in 10 times its weight of absolute 
alcohol, cooling, addmg the aceto acetic ether 
and then the alkyl iodide until the hquid, which 
may be warmed, if necessary, is neutral to 
htmus The greater part of the alcohol is thqn 
distilled off and water is added This dissolves 
the Nal and the new ether rises as an oil and is 
fractionated (Conrad a Limpaoh, A 192, lo4) 

A With one monovalent eadiolb 
Methyl • aoeto - aoetio Aeid CjHgO, i.e 
CH, CO CHMe CO,H A thick liquid which 
splits up on warming into CO, and methyl 
ethyl ketone fOeresole, B 15, 1874) Its banuin 
salt IS soluble and gives a violet colour with 
Fe,01, Nitrous acid forms iBo-nitroeo-methyl. 
ethyl Ketone _ * 

Methyl Ether CH,.COXlHMa.CO,ICe 
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tt77*4® «pr) Sa t 1020 (Brandes, Z 1866, 
4^6) • From sodiiwa aoeto acetate of methyl 
and Mel Smells hke mmt Gives a violet red 
colour with FejGl^ 

Eihyl Ether OH, 00 OHMe CO,Et (186 8^ 
eof) (Geuther, Z 1^66, 6) S G ^ 1 009 Gives 
a deep blue colour with ^e^Ol, 

Beachona — 1 Sodium amalgam gives an 
oxy-val^io acid GH,GH(OH) CHMe CO,H — 2 
Potash forms methyl-ethyl ketone, alcohol and 
K^OO,. — 8 1^01, gives chloro methyl orotonic 
acid [69 6°] (206°) (Rucker), chloro methyl ace to 
acetic ether, C,H„C10, (180°) S G 1 093, 
smellmg of peppermint, and di chloro methyl 
acetg-acetic ether (210°-220°) S G.* ^ 1 226 
(Isbert, A 234, 188) — 4 Sodium and cyanogen 
chloride form cyano-methyl aceto acetic 
ether CAcMeCy COEt ^c 93°) at 20 mm S G 
996 It IS a colourless liquid insol water and 
tlkahs (Held, C R 96, 522 , Bl [2] 41, 330) 
Acetyl derivative i e CMeAc,,CO^Et 

Meth§l diacetyl acetic ether (205°-220°) From 
methyl aoeto acetic ether m ethereal solution 
and AcCl (James, A 226, 219, C J 47, 1) SI 
sol water Coloured raspberry red by Fe^Cl^ 
Does not pp cupric acetate, even on addition of 
dilute NaOH 

Ethyl-aceto-aoetio acid 
Methyl ether CH, CO CEtH CO, Me (189 7° 
cor ) S G 995 (Brandes, Z 1866, 457), Fe^Ci, 
gives deep violet colour Cone NH, forms an 
oil 0,H,jNO„ the imide of ethyl aceto acetate of 
methyl insoluble in water, and also silky needles 
[83 ] of a soluble amide (probably C,H,,NO, see 
below) (Brandes, Z 1866, 457) 

Ethyl ether C^Hi^O, le CAcEtH 00,Et 
(198' cor) SG 998 (G). iS 983 (F D) 
(Geuther, Ar Ph [2] 116, 97 , Frankland a 
Duppa, C J [2] 4, 396 , Wishcenus, A 186, 187) 
Preparation — Aceto acetic ether is dissolved 
m benzene and four fifths of the calculated quan 
tity of sodium added, then EtI, and the product 
rectified The aceto acetic ether recovered is 
treated with the remaining fifth of the sodium 
Yield 70 per cent (Wedel, A 219, 100) 

Properties — An oil Coloured blue by FejCl, 
Reactions — 1 Reduced by sodium amalgam 
to an oxy hexoio aoid,CH, CH(OH) CHEt CO JI 
2 Boiled with baryta or weak alcoholic KOH, it 
gives methyl propyl ketone — 8 Boiled with cone 
^coholic KOH, or heated with dry NaOEt, it gives 
tt-bu^mc acid and acetic acid, or their ethers — 
4 Treated wfth NaOEt and cyanogen chloride 
it forms cyano ethyl aceto^cetic ether^ 
CH, CO CEtCy CO^Et (o 105°) at 20 mm S G 
976 A colourless hquid with agreeable odour 
Insol m water or alkahne solutions, miscible 
with idcohol or ether (Held, C R 98, 622, Bl 
pi] 41, 830) — 5 Bromine acting on an ethereal 
solution forms mono di and tn bromo bthtl 
AOBTO AOXTio BTHEB (g V ) — 6 PCI, gives mono 

an<f dl CHLORO ETHYL AOETO ACETIC ETHER, and 

only one chloro-ethyl orotonic acid (g v ) 
(Isbert, A 284, 188) — 7 Benzoic aldehyde 
and HCl form some benzylidene ethyl aceto- 
acetic ether or cmnamoyl ethyl acetic ether, 
Ph CH CH CO CHEt CO^t (210°) at 22 mm 
Converted by NaOEt and EtI into cmnamoyl di- 
ethyl acetic ether — 8 Cone aqueous ammonia 
forms two amides, oxm soluble m water, C,H,,NO„ 
the other insoluble, u^Hi^NO, They are formed 


m equi molecular quantities , the oily inselable 
amide crystallises when cooled On distilling 
the soluble amide does not pass over with steam 
Insoluble amide CgH^NOj, imide of ethyl 
aoeto acetic ether CH, C(NH) CHEt CO^Et or 
CH, C(NH 2 ) CEt CO^Et [69 6°] Monoclmic 
tablets (from alcohol), smelling of peppermint 
Decomposed by water, or dilute acids, mto NH, 
and ethyl aceto acetic ether (Geuther, Z 1871, 
247) 

Soluble amide C,H,, NO, CAcHEtCONH, 
[90 ] Needles (from water, alcohol, or ether) 
May be sublimed May be obtained from the 
preceding body by heating with water at 135° 
On#dry distillation it gives NH„ CO, and methyl 
propyl ketone The latter body is also formed 
by heating it with water at 200°, with boiling 
aqneous HCl, with CaCl„ ZnCl^, P^O^, or PCI, 
(Isbert takes it to be di ethyl ketone) Heated 
with dry KOH at 100° it forms butyric and acetic 
acids (Isbert, A 234, 170) 

Salts -CH, CO CNaEt CO^t Formed by 
adding sodium to a solution of ethyl aceto aoetio 
ether in dry ether or benzene (3 or 4 vols ) (J W 
James, C J 47, 1) Also by snaking an ethereal 
solution of the ether with perfectly dry NaOH 
(Elion, R 3, 234) It is amorphous V sol 
ether A little water added to its ethereal solu- 
tion forms a pp of CH, CO CNaEt CO^t aq, 
insol ether or benzene, but sol water or alcohol 
Acetic acid re-converts the sodium salt mto 
ethyl aceto acetic ether (v constitution of Aceto- 
ACETIC ether) 

Ethyl aceto acetic ether forms no copper 
compound This is thought to favour the for 
mula CH, C(OEt) CH CO,Et 

Jso amyl ether CH, CO CHEt COjC^H,, 
(233° -236°) S G j® , 937 gives no colour with 
Fe.Cl, (Conrad, A 186, 228) 

Acetyl derivatwe CH, CO CAcEt CO^Et 
Ethyl dl acetyl-acetic ether (c 230^) , (144°- 
160°) at 50 mm S G 1 034 From 
CH, CO CNaEt CO,Et and AcCl (EUon,^R 3, 
265) Liquid Insol KOHAq Gives no colour 
with Fe^Cl, Alcoholic NH, converts it mtc 
acetamide and CH, CO CHEt CO^t 

Allyl- aceto -acetic Ether CgHj^O, le 

CH, CO CH(CA) CO^t (206°) (Zeidler, A 187, 
33) (214° cor) at 720 mm (Perkin, C J 45, 
540) S G I? , 992 (Z), U 993 , ?l 985 (P ) 
From sodium aceto acetic ether and allyl lodido 
(Z , Wolff, A 201, 46) From aceto acetic 
ether, allyl iodide, and zme, di allyl aceto acetic 
ether being also formed (0 Hofmann, A 201, 77) 
Reactions —1 Fe^Cl, gives a enmson colour 
2 Boiling alcoholic KOH forms CO, and allyl- 
acetone —3 Dry NaOEt at 160°-160° gives ethyl 
acetate and allyl acetate —4 Sodium amalgam 
forms an oxy heptenoic acid, 

OH, C(OH)H CH(C,H,)CO^ 

Propyl -aoeto -acetic E^er CJ9,,0a le, 
CH, CO CHPr COj^Et (209°) S Q ^ 981 Prom 
aceto acetic ether (158g ) by addmg first a solu- 
tion of sodium (27g ) in dry alcohol (270g ) and 
then PrI (206g ) (Burton, Am, 3, 886) ^com- 
posed by aqueous KOH mto CO*, alcohol, and 
methyl butyl ketone • 

Iso-propyl-aceto-aoetio Ether OaH,aO, ijb* 
CH,.COCPrHCO^t (201°) at 768 mm SG « 
880 From sodium aceto acetic ether and iso- 
propyl iodide (Frankland a Duppa, A 145, 78), 
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Coloured pale reddish violet by Fej,01^ (Demar 
Vay, Bl 27, 224) 

Iso- butyl -aceto- acetic Ether C,oH,80, 

Pr CH.CHAc CO^Et (218°) S G HJ 951 From 
sodium aceto acetic ether and iso butyl iodide 
(Kohn, A 190, 806) Decomposed by baryta 
giving methyl iso amyl ketone and iso butyl 
acetic (hexoio) acid 

Heptyl- aceto -acetic Ether 0„H^^Oa te 
CH,COCH(C,H„)CO,Et (272°) S Q 9324 
From sodium aceto acetic ether and heptyl 
iodide (Jourdan, A 200, 105) Colourless oil 
Decomposed by dilute alkalis into methyl octyl 
ketone and COj , and by cone alkalis into 
acetic and n ennoic acids % 

Secondary Heptyl-aceto-aoetio Ether (250°- 
260°) Prepared similarly from secondary heptyl 
\odide (Venable, B Id, 1651) 

Octyl -aceto -acetic Ether C^H le 
CH 3 COC(C,H„)HCOEt (281°) SG 9354 
From octyl iodide and sodium aceto acetic ether 
(Guthzeit, A 204, 1 ) Decomposed by alcoholic 
KOH into methyl ennyl ketone and decoic 
acid 

Benzyl aceto-acetic Ether C, 3 H,« 0 , le 
CB, CO CH(CH^h)CO,Et (27b°) S G 1 030 
From sodium aceto acetic ether and benzyl chlo 
ride (Ehrlich, B 7, 690 , A 187, 12 , Conrad B 
11,1056) Sodium amalgam gives exo oxy phenyl 
valeric acid CH, CH(OH) CH(CH,Ph) CO Et 
Alcoholic KOH forms phenyl ethyl methyl 
ketone 

B With two Di valent Radicles 
Ethylene-aceto-acetic Acid 
CHj CO C(C^j) CO^H irom the ether by 
saponification Liquid Decomposed by heat 
or by dilute acids into tri methylene methyl 
ketone 

CH, CO CH<C I and CO- 
\CH, 

Salt — AgA' 

Ethyl ether — EtA' (193^-195°) From aceto 
acetic ether (26g ) by adding a solution of sodium 
^og ) m alcohol followed by ethylene bromide 
(38g ) The liquid is boiled for eight hours, 
filtered, and distilled. The residue is boiled for 
twelve hours longer with a solution of solium 
(5g ) m alcohol, evaporated, and treated with 
water The ether is extracted by ether and 
dried overK^C 03 (W H Perkin, jun , C / 47,834, 
B 16, 2136, 19, 1247) It reacts with phenyl 
hydrazine, forming an oil 

Ethylidene-aceto acetic Ether 
CH 3 CH CAcCO^Et (210°-212°) 8 G « 1023 
By passing HCl into aldehyde (1 pt ) mixed with 
aceto acetic ether (3 pts ) (L Claisen a F H. 
Matthews, A 218, 172 , Claisen, D 14, 345) 
Pungent ethereal oil Miscible with H^SO^ 
Reactions - -1 Hot potash decomposes it, 
forming aldehyde — 2 Combines with bromine 
Tri-chloro-ethylidene-aceto-acetio Ether 
CCl, CH CAc CO^t S G 1 342 
From chloral, aceto acetic ether and Ac^O at 
160° (Claisen a Matthews, A 218, 175) 

Thick oil Decomposed by beat 
Propylene-aceto-acetio Acid. 

CH, CH V 

I >CAc CO,H 

cn/^ 


I From the ether by Baponifloation Oil. 

I Forms an amorphous silver jalt, AgA' * ' 

Ethyl ether (210°-215°) at 720 mm Aceto- 
acetic ether (26g ) is heated with sodium (4 6g ), 
dissolved in dry alcohol and propylene bromide 
(40g ) at 100° After two days the tubes are 
opened and a fresh quantity fif alcoholic NaOEt 
(from 4 6g sodium) iff added, and the tubes 
heated again at 100° (Perkin, jun , B 17, 1443) 
Tri methylene Bromide acts ofi aceto 
acetic ether in presence of Na(X3t, but the 
product CeH,^Oa ( V D 6 21) is not tri methylene 
aceto acetic ether, fonts boiling point (223°) and 
^ molecular magnetic rotation, 10 196, are both 
I too high, and it does not react with phenyl- 
' hydrazine * It is, however, the ether of a ft*ys 
[ talline acid which splits up on distillation into 
I CO^ and C„H,oO, and on boiling with water into 
CO, and acetyl butyl alcohol The acid is probably 
I /C(CO;EI)CMe 

i CH / I 

I \CH 2 CH 0 c 

(Perkin, ]un , B 16, 208, 1789, 19, 1247, 2557) 

I Iso-bntylidene-aceto-acetic Ether 
I (CH,),CH CH CAc CO,Et(219°-222°) 

I From isobutync aldehyde, aceto acetic ether 
and HCl (Claisen a Matthews, A 218, 174) 

{ Liquid smelling of peppermint 
{ Iso-amyhdene aceto-acetic Ether 

(CH,) CH CH, CH CAc CO,Et 
(237°-241°) S G 961 From valeric aldehyde, 
aceto acetic ether and HCl (Claisen a Matthews, 

I A 218 174) 

I Benzyhdene aceto-acetic Ether 

I Ph CH CAc CO Et (a aceto cinnamic ether), 
[60 ] (180°-182°) at 17 mm (295°-297°) at 760 
mm From aceto acetic ether, benzoic aldehyde 
and gaseous HCl at 0 (Claisen a Matthews, 

1 A 218, 177) 4 or 6 sided tables (from alcohol), 
trimetnc a b c = 447 1 962 Colourless o I, 

solidifying very slowly V sol chloroform, m 
sol cold alcohol, ether, glacial acetic acid or 
CS,, V si sol benzoline Insoluble in aqueous 
KOH H,804 forms a bright yellow solution 
which, on warming, becomes very dark red. On 
pouring this solution into water a white pp 
18 formed, and on adding NaOH this dissolves, 
forming a violet solution 

Reactions — Bromine in ether forms a di 
bromide [97°] This forms short needles (from 
benzoline) 

' Theory of the Process — Benzoic aldehyde 
I probably first combines with ^301 fofming 
Ph CH(OH)Cl, and this reacts with aceto aoetio 
ether thus 

Ph CHCl(OH) ^ CH,Ac CO,Et- 
H,0 + Ph CHCl CHAc CO,Et 
, Two compounds of this formula may be isolated 
I before distillation, one forms prisms [41°], the 
other small rhombohedra or tnohnio tablet 
[72°] fboth from benzoline) They are both 
unstable, giving off HCl One of them has pro 
bably the formula Ph CHCl CBLAc CO^Et and 
decomposes into HCl and Ph CH CAc OO^Et, 
which recombines with HCl forming the other 
Ph CHj CClAc COjEt On distillation both pro- 
bably give HCl and benzyhdene aceto-aeetio etner 
Benzylidene-ethyl-aoeto-aoetio Ether 
Ph CH CH CO CHEt CO^t 
(205°-220°) at 22 mm (Cmnamoyl ethyl-acetic 
ethei) From benzoic aldehyde, ethyl aceto- 
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Rcctlo etlier, and HOI Tield small (Claisen 
VatthewS, A 218, 184) 

Btnsylldane-di-stliyl'aoeto-aoetlo Ether 

Ph CH CH CO CEta COjEt 

i l01°-102'] Formation — (1) From the above, 
^aPEt, and EtI — ( 2 ) From benzoic aldehyde, 
di ethyl aoeto acetJC ether, and HCl (CM) Tn- 
clinic prisms (from beifzoline) V sol ether 
or chloroform, m sol cold alcohol or benzolme 
Dibrom-lde [55°] 

Farfaral-«oeto-aoetio Ether 

(CjH,0)"CAc CO,Et 

[62 6 °] (189°) at 30 mm From furfur aldehyde, 

aoeto-acetic ether, and ACjO at 160° (Claisen 
a Matthews, A 218, 176 ) Tnmetric crystals, 
a hi 0 = 439 1 466 V sol alcofiol, glacial 

acetic acid, chloroform, and benzene M sol 
ether, si sol benzoline 

C With two Monovalent Radicles. 
Di-methyl-aceto-aoetic Acid 

C,H,oO, t e CHa CO CMe, CO,H 
From^he ether by dissolving in cold dilute 
(2j per cent ) aqueous KOH, setting aside for a 
day or two, then acidifying with H SO^, ex 
tractmg with ether, evaporating the ether, and 
tnturatmg with BaCOj The crystalline barium 
Balt, BaA 2 ', is decomposed by dilute HjSO, (Cere 
Bole, B 15, 1871) Very hygroscopic crystals, 
which slowly split up into CO^ and methyl iso 
propyl ketone The barium salt gives a brown 
colour or pp with FejClg It reduces boiling 
silver nitrate 
Ethyl Ether 

C H„0, t a CH 3 CO CMe^ CO^t 
(184°) SO — 991 From sodium meth\l aceto 
acetic ether and Mel (Frankland a Duppa, A 
138, 328) Potash or barjta splits it up into 
alcohol, CO 3 , and methyl iso propyl ketone 
Methyl-ethyl-aceto-acetic Ether 
CH, CO CMeEt CO,Et 

(196° uncor) (J") (201° 1 V) (Wislicenus, A 
219, 308) S G j 947 From sodium ethyl 
aceto acetic ether and Mel (Saur, A 188, 257) , 
or sodium methyl aceto acetic ether and EtI 
(J W James, A 226, 209 , C J 47, 1) Oil 
Fe^Cl„ gives a violet colour Distilled with dry 
NaOEt it gives ethyl acetate and ethyl methyl- 
ethyl acetate (or valerate) 

Methyl-allyl-aoeto-acetio Ether 
C,„H„0, i e CH, CO CMe(C,H,)CO,Et 
(o 209°-211'") From allyl aceto acetic ether, 
Mel, and NaOEt ^James, C J 47, 3) Pleasant- 
smelliHg oil, n^cible with alcohol, ether, or ben 
aene Fe,Cl, gives no colour The same body 
may be got from methyl aceto acetic ether, allyl 
iodide, and NaOEt 

Methyl-propyl-aceto-aoetio Ether 
C„H„0, % e CH, CO CMePr CO,Et 
(214°) (L K ) , (216°) (J ) S G 969 (L K ) . 

9676 (J ) From methyl aceto acetic ether, 
NaOEt, and PrI (Liebermann a Kleemann, B 
17, 9i8) or from propyl aceto acetic ether, NaOEt, 
and Mel (E J Jones, A 226, 287) 
Bi-othyl-aoeto-aoetio acid 

CH,CO 0(C,H,),C02H 
Thick oolourless liquid SI sol water 

Pnparatton. — Di-ethyl acet acetic ether is 
left in the cold for several weeks with 10 po 
aqueous KOH After removing the unaltered 
glher, the product is acidified and extracted with 
ether, and the acid purified by conversion into 


the banum salt, acidifying the latter, and again 
extracting with ether 

Reactions — It decomposes very slowly in the 
cold, but on heating to 60° it rapidly evolves 
CO^, forming di ethyl acetone The latter body 
IB also formed by distilling the banum salt 

Salts — A'Na, easily soluble white micro- 
scopic crystals — A'^Ba 2 aq , transparent prisms, 
rotates on water (Ceresole, B 16, 830) 

Ethyl ether C,„H„0, i e CH, CO CEt, CO Et 
(218'") 8 G ^ 974 From sodium ethyl aceto- 
acetic ether and EtI (Frankland a Duppa, A 
138, 211 , James, A 226, 205) From Cl CO^t, 
Na, and EtI (Geuther a Matthey, J pr [2] 6 , 

Reactions —1 With hot aqueons baryta it 
gives di ethyl acetone —2 Distilled with diy 
NaOEt it gives di ethyl acetic (hexoic) ether, 
acetic acid, and sodic di ethyl acetate — 3 PCI, 
gives mono and di chloro di ethyl aoeto acetic 
ether and chloro ethyl-crotomc ether (James, 
A 231, 235) — 4 With benzoic aldehyde and HCl 
gas it forms some C„H, CH CH CO CEt^ CO^t, 
cinnamoyl di ethyl acetic ether Crystals, 
[102 ], (200°-205°) at 3 mm Easily soluble m 
ether and chloroform, slightly in cold alcohol 
and in light petroleum (Matthews, G J 43, 205) 
Bromine m chloroform forms a di bromide, 
[55°] Pnsms v sol alcohol and light petroleum 
Di-allyl-aceto-acetic Ether 

C,2H,«0, 1 C CHg CO C(CA)iCO^t 
(240°) S G f y , 948 From sodium allyl aceto- 
acetic ether and allyl bromide (Wolff A 201, 45) 
Irom aceto acetic ether, allyl iodide, and zinc 
(O Hofmann, A 201, 77) Colourless oil, with 
faint peculiar odour Insol water, sol alcohol, 
ether, or benzene Boiling cone KOHAq forma 
di allyl acetone, or methyl heptmyl ketone, and 
di allyl acetic acid 

Di propyl-aceto-acetic Ether CjjH^O, i e 
CH, CO CPr^ CO,Et (236") S G ^ 9585 From 
sodium propyl aceto acetic ether and PrI (Burton, 
Am 3, 38b) Alkalis spht it up, giving di 
propyl aceto acetic ether and di-propyl acetone 
or methyl heptyl ketone 

Di-isobutyl-aoeto-acetio Ether Cj^BL^gO, t a 
(PrCHJ CAcCO^Et (250°-253°) S G 947 
From sodium isobutyl aceto acetic ether and iso- 
butyl iodide (Mixter, B 7, 500) 
Di-n-heptyl-aceto-acetio Ether 

C^B.,nOnie CHjCO C(C,H JaCO^t 
(332°) S G 891 Formed together with di- 
heptyl acetic ether and methyl octyl ketone by 
heating sodium heptyl aceto acetic ether with 
heptyl iodide and dry alcohol for a long time 
(Jourdan, A 200, 112) Decomposed by dilute 
alkalis into COj and methyl pentadeoyl ketone, 
and by concentrated alkalis mto acetic and di- 
heptyl acetic (hexadecoic) acids 
Di-ootyl aceto-acetiG jsther 
C 22 Hg 2 G| le CHj CO C(GgH|7)2*002Et 
(264°) at 90 mm (340°-342°) at 760 mm From 
octyl aceto acetic ether, NaOEt, and octyl iodide 
(Guthzeit, A 204, 9) Decomposed bv alkalis 
into di octyl acetone (methyl heptadecyl ketone) 
and di octyl acetic (heptadecoic) acid • 
Beusyl-methyl-aoeto-aeetlo Add 
C„H„0, t « CH, CO CMe(CH^h) OOj^ 

[84 °] (275°) From the ether by saponification 
SI sol cold water Salt AgA' 
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Ethyl €tluir-^ik! (287°) SG 1046 
Prepaid by action of Mel on a mixture of 
benzyl aoeto-aoetio acid and sodium ethylate 
(Conrad, JB 11, 1065) 

Benzyl ether— VhCRJi! (53° ?) Methyl hy- 
dro-emnamein Liquid 

Beniyl-ethyl-aoeto-aoetie Ether 
CH, CO CEt(CH 2 Pli) COjtEi 
(296°) Colourless liquid 

Bi-benzyLaoeto-aoetio Ether 

CH, CO C(CH^h)2,C02Et 
From sodium benzyl aceto acetic ether and 
benzyl chloride (Ehrhoh, A 187, 24) Thick 
non- volatile liquid 

% 

OTHER DERIVATIVES of aceto acetic acid 
will be described as acetyl derivatives, e g Acetti. 

GLUTABIC ETHER, ACETTL SUCCINIC ETHER, &C See 
also OxY ACETO ACETIC ETHER, OXY DI ETHYL 
ACETO ACETIC ETHER, OxY DI METHYL ACETO ACETIC 
ETHER 

For analogous acids see Pbopionyl propionic 
ACID, VaLERYL valeric ACID 

ACETO-BENZOYL-BENZOIC AKHYDEIDE v 
Benzoyl benzoic acetic anhydride 

ACBTO-BBOMO-ACETIC ETHER v Bromo- 
aceto acetic ether 

ACETO-BR OMO -AMIDE v Acetamide 
ACETO-BUTYRIC ACID v Acetyl butyric 
acid 

ACETO-CHXORO-AJUBE v Acetamide 
ACETO-CBXORHYDRIN v Glycerin 
ACETO - CHLORHYDROSE C,^H|gC10g i^e 
C!gH,Ac 405 Cl Formed by treating 1 mol an 
hydrous glucose with 5 mol AcCl, and purified 
by solution m chloroform, agitation with sodium 
carbonate, and evaporation Semifluid , some 
times crystallme Dextro gyrate Bitter In 
sol m water, slightly sol in CS , easily in alco 
hoi, ether and chloroform Distils in a vacuum, 
partly undeoomposed Gives up all its chlorine 
to alcoholic silver nitrate Reduces Fehlmg’s 
solution Reconverted into glucose by heating 
with water (Colley, C R , 70, 401) H W 
ACETO-CIKNAMORE V Benzylidene ace 

TONE 

ACETO’^I^OXTXARIC acid V CouiiARic acid 
ACETO-CTTRCTTMIH V CuBCUMTN 
ACETO-ETHYL HITRATE C 2 H 4 O, 2C^sNO, 
(84°-86°l S G 1 045 Formed by diy distil 
lation of potassium ethyl sulphate with potas- 
sium nitrate Liquid, having a sweet taste and 
aromatic odour Explodes violently when heated 
above its boihng point Not miscible with water 
Resolved by heating with potash lye into aldehyde 
and nitric a cid (Na dler, A 1 16, 173) HW 
ACEtO-ETHYL-SUCCIKIC ACED v A.CZX YL- 

ETHYL SUCCI NIC ACI D 

ACETO-ETHYL'THIEHOVE v Ethyl thi- 

BNYL MET HYL KETONE 

A CETO -OLY CEROL 8 v Glycerin 
A CET CM jID AH AMINE v Guanidine 
ACETO -TETRA-METHYLEHE v Tetrams 

THYL BNB M ETHYL KE TONE 

ACETO-MSTHYL-THIEVOHS V Methyl- 

nUSNYL METHYL KETONE 

ACETOMAMDrES 

Di«Ae6toiuuni]ia 

M CH.OOCHj.CMe«.NH^ 
Preparation — 1 Dry ammonia gas is passed 
Into a ^sk contauing boiling acetone, the oon- 


ducting tube terminating just above the liquid , 
the resulting mixture of ace^ne vapoul and anp- 
monia is passed through a tube heated to 100°, 
and then through a condensing tube , the distil 
late IS neutrahsed with sulphuric acid diluted 
with an equal volume of water, and, after «e- 
moving the ammonium sulplfate which crystal- 
lises out, and distilling unaltered acetone, the 
liquid is evaporated to dryness and the residue 
exhausted with boiling alcohol Diacetdnamine 
sulphate then crystallises out on fooling, and 
may be purified by recrystallisation from alcohol 
(Heintz, A 174, 164) - 2 Acetone saturated with 
ammonia is left to itself for three or four weeks, 
finely pouqded oxalic acid is then added m quan 
tity sufficient to form an acid salt, and a quantity 
of water equal to that of the acetone The re 
suiting crystalline precipitate is easily separated 
by boiling alcohol into insoluble ammonium ox 
alate and soluble diacetonamme oxalate A fur^ 
ther quantity of this last salt remains in the 
mother liquoi, together with salts of othe% bases 
(Sokoloff a Latsthmoff, B 7, 1384) 

Properties — Free diacetonamme, separated 
from either of its salts by adding strong soda lye 
and agitating with ether, is a colourless liquid 
lighter than water, having an ammoniaoal odour 
and strong alkaline reaction , more soluble in 
cold than in hot water, mixes in all proportions 
with alcohol and ether , oxidises and turns brown 
on exposure to the air , forms crystalline salts 
with hydrochloric, sulphuric, and oxalic acids By 
distillation it is for the most part resolved into 
NH, and mesityl oxide C«H,oO, and on the other 
hand is easily formed by direct combination of 
these bodies C,H,oO + NH, - C^HjaNO 

Salts — CbH,,NOHC 1 crystallises from alco 
hoi m rhombic pnsms, v sol alcohol, resolved 
bj dry distillation into NH^Cl and C„H,oO 
(Heintz, A 176, 252)-(C,H„NO,HCl) ^tCl4,2H O 
crystallises from water, in which it is easily so 
luble (according to Sokoloff a Latschmoff , also 
in dilute alcohol), m orange yellow monoclmio 
prisms containing 2H O, which they give off 
in a vacuum (H ) , under ordinary pressure (S 
and L ) The normal oxalate (C„H„N 0 )jC 5 fH *04 
forms monoclmic tablets, very soluble in cold 
water, less soluble in alcohol than the acid salt 
This latter CaH,sNO,C^ 04 ,Hp, forms mono 
clinic prisms , very soluble in hot, less m cold, 
water , easily in boiling alcohol, from which it 
separates out almost completely on cooling The 
picrate CbH,,N 0 ,C„H,(N 02 ) 30 ,H^, fonril gold 
yellow ne^ies, somewhat spanngly soluble m 
cold water The sulphate (C,H„NC))^,S 04 forms 
monoclmic crystals^rom alcohol) 

Reactions — 1 decomposes the salts 

forming di acetone alcohol and mesityl oxide 
2C,H„NO + 2HNOj- 
C0H12O2 + CjH,0O -t- 2N2 + 8H2O ® 

2 Chromic acid mixture converts it into para- 
formaldehyde together with formic, aoetioi and 
Eunido ISO valeric acids NHj CMe^CHyOO^H, 
and a small quantity of amido iso hutync acid 
NHj CMej CO3H (Heintz, A 198, 46) — 8 Solid 
KOH forms an anhydnde, C,2H24N20 [88°] 
This 18 V sol alcohol, chloroform, or benzene, 
m sol ether or light petroleum Hot water 
decomposes it (Antnck, A 227, 881) It forms 
a salt, (CjA^NpHCO^PtCl,, when drj Smay 
prisms.— 4 An aqueouf solution or diaceto- 
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Otmiiie hydroehlonde heated for ten hours at 
120' with Jiydrocyamc aoid forms the 

hydrochloride of diaoetonamine oyanhydrm 
and of mtnlo-diacetonamine, together with a 
little amido-iso-botync acid (Hemtz, A 189, 
231, 192,840) — 6 Diaoetonamme oxalate boiled 
with aloohoho sdlutioziB of aldehydes forms 
condensation products— 6 Sodium amalgam 
reduces di aoetonamine to a secondary aniido< 
ISO hexjl alcohol CH, CH(OH) CH, CMe^NH,. 
CYANH¥DKINS 
Bi'Acetonamine cya' hydrin 
C;H, ,N,0 or Me C(OH)(CN) CH^ CMe, NH, 
Carbylo di-acetonaimne — Prepared as de 
scnbed above {Reaction 4) — Trimetjio pnsms 
,V S81 water Decomposed by boilmg alcohol 
into HCN and diacetonamine Boiling HCl 
saponifies it, forming Oxy amtdo heptoic acid 
{q u), Me C(OH)(^CO^) CH, CMe.NH^, the 

£ eater part of which changes to its anhydride, 
-oxy tri-methyl-pyrroline, 

t .CO— NH 

MeC(0H)< 1 

\cH 2— CMe^ 

(Heintz, A 192,329, Weil, 232, 208 v Ptbro- 
line) 

Nitnio>di-Acetonamine The hy- 

drochloride is obtained, as above stated, to- 
gether with its isomeride The free base is crys 
tallme, easily soluble m water, sparingly m ether, 
and absorbs CO, from the air Distmguished 
from carbylodiacetonamine by remaining un 
altered when heated to 100'^-110° with fuming 
hydrochloric acid Resolved by boiling with 
baryta water into NH, and amido trimethyl 
oxybutyric acid C^Hi^NOa or its anhydride 
ThQ plktinochloride (C H,^N 0,HCl),PtCl4 forms 
yellow rhombic pnsms slightly soluble in water 
The oxalate C,H,*N,0,C,H 0^ forms small crys 
tals m sol water, msol alcohol (Heintz, A 192, 
842) 

PRODUCTS FROM ALDEHYDES 
£thylidene-di-acetonainme CgHi^NO or 
.CH, COv 

CH, CH<: Vh, 

\NH CMe,/ 

[27®] (200°) vtnyl~di~acetonamine , oxy tn-methyU 
tetra hydro pyridine 

Formation — Together with tn acetonamme 
by action of aldehyde and ammoma on acetone 
In larger quantity as oxalate, by boilmg the acid 
oxalate of diacetonamine (10 g ) for sixty hours 
m a rCAux ap^uratus with aldehyde (10 g ) and 
alcohol (120 ^ The oxalate is washed with 
hot alconol, and the free bases separated by 
potash (Hemtz, A 178,826, 189,214, 191.122) 
Pre^ration , — By boili:^ an alcohohe solu- 
tion of di acetonamme oxalate with paralde- 
hyde (E Fischer, B 17, 1798) 

• Properties — ^lidifies at -16® to rectangular 
or BIX sided plates or long pnsms. Is deli- 
quescent Has a bunung taste, smells like tn- 
methylamme, but when warmed, hke camphor 
Reduced by sodium amalgam to its dihydride 
or ethenyl-di-acetone aloamine 

SoZte — p'HCl),;PtC1^3aq Flat prisms — 
B',H-S04 Minute needles, V sol water, al sol al- 
»ohof — SI sol alcohol — B', 8H,C,0^ 
A platino-chlonde of vinyl di-aoetonamine 
and trf aoetonamine 

(C,H„K0 hoi HCl)PtCl4 -I- 2H,0 


IS formed by direct combination of its constituents 
100 pts water at 14° dissolve 8 66 pts of the 
anhydrous salt (Hemtz, J 1877, 442) 

Pentylidene-m-aoetonamine 0|,H,|KO or 

C COv 

^CH, 

CMe,-'^ 

Valeral d/i-acetonarmne^oxy-di methyl-tso-butyl- 
tetra hydro pyridine [16®-22°] From valeric 
aldehyde and alcohohe di acetonamme oxalate 
(Antrick, A 227, 867) Needles in stars (from 
ether) Insol water, sol alcohol, ether, benzene, 
and petroleum 

— B',H,C,0^ Needles [190®] V si 

sof cold water or alcohol — (B'HCl),PtCl, [205°] 

Heptylidene-di acetonamme C, 

XH, COx 

CA.CH< )>CH, 

\NH CMe / 

Oxy-di-methyl hexyl-tetra-hydro-pyndine 
[29 5°] From osnanth aldehyde and alcoholic 
di acetonamme oxalate (Antnck, A 227, 370) 
N eedles (from ether) Oxalate B', IL,C,0 , [c 1 60°J 

Benzylidene-di-acetonamme C„H,7NO or 

< CH, COv 

Vh, 

NH CMe,/ 

Oxy phenyl-dv-methyl-tetra hydro-pyndine [61®] 
(230°) Obtamed as oxalate, by boiling 1 pt 
benzaldehyde, 1 pt acid diacetonamme oxalate, 
and 12 pts alcohol, gradually separating as a 
powder which may be punfied by crystallisation 
from water Colourless needles or monoclinie 
pnsms (from ether) V sol alcohol and ether , 
si sol water Tasteless, has a faint aro- 
matic odour Forms normal and acid salts — 
C,,H,7N0HC1 Crusts or druses of crystals — 
(C,sH„NO HCl),PtCl4 Warty groups of crys 
tals, or when separated from alcohol on ad 
dition of ether, elongated six sided tablets 
Slightly soluble m hot, msol m cold alcohol 
The aurochloride forms pale yellow crystals — 
CijHpNOHNO, + 2H2O (?) Small crystals, mode 
rately soluble m cold water — (C„H,7NO)^H,SO^ 
Small crystals, easily soluble in water, very 
slightly m absolute alcohol — (C,3H,yNO)„CH 
Microscopic crystals, nearly msoluble m alcohol, 
V b1 sol water (R Schiff, A 193, 62) 
m-Amido-buuylidene-di-aeetoaainijie 
.CH, COv 

NH, OJH, CH< >CH, 

\NH CMe,''^ 

From the nitro-denvative by reduction with 
SnCV Oil Salts — B"HA04 [113°] 

p Anudo-benzylidene-di-acetonamme — FVom 
the mtro derivative by SnCl,. Sa^t — B"B[,C,04 
o-Hitro*be]LxyIidsne*di-aoeto]iaiiim« 

.CB[, COv 

N0,.0.H4 ch< >ch^ 

\NH CMe,''^ 

From o-mtrobenzoic aldehyde and alcohohe di- 
acetonamme oxalate 

Salts - B', H,C,04 — B'HCl - (B' HCl),PtCl4, 
m Nitro-bensylidene>di-«eetoaami]ia. 

Salts -B'HCl [208®] -(B'HCl)J»tCl4 [2i3®}. 
p Hitro-bezmylidenB-di-aoetcnaBUUM [142 6®]. 
Ne^es (from e^er) Nearly msoL light petro* 
leum 

Salts — B'HCl ^ [c. 206®].— (B'H01)g|»tCV 
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j^Ozy-bensylidene-di-aoetoniunine 

.CH, OOv 

HO C A CH< >CH^ 

\nH CMe,^ 

From di aoetonamme oxalate (5 pts ), p-oxy- 
benzoio aldehyde (4 pts ), and alcohol (20 pts ) 
Acid oxalate B'E^C^O^ 

Methyl derivative 

COv 

MeO CA CH< >CHr 

\nH CMe/ 

Prom anisaldehyde and di acetonamine oxalate 
Oxalate [210<=J 

Cixmamylideiie-di-acetonamine 
COv 

Ph.CH CHCH< >CH,iaq [49^] 

\nH CMe/ 

From cinnamic aldehyde, diacetonamme, and 
boiling alcohol Yellow needles (from alcohol) 
Easily soluble m ether, light petroleum, ohloro 
form and benzene, sparingly m water 

VaniUo-di- acetonamine Cj,H„NO, %e 
COv 

C A(OMe) (OH)CH< >CH, 

\nH CMe/ 

is obtained by boiling equal parts of vanillin 
and acid diacetonamme oxalate in 10 pts al 
oohol, whereby normal vanillo diacetonamme 
oxalate is thrown down This salt forms either 
a white powder or yellowish crystalline crusts , 
b1 sol water, insol alcohol and ether The 
free base is an alkaline oil, slightly soluble m 
water —Ci^HjgNOjHCl is easily soluble in al 
oohol, and precipitated therefrom by ether — 
(CHH„NO,HCl),PtCl, -C^H.^NO^HNO, Very 
small crystals, m sol water, and cold alcohol, 
(C„H„N0,)^2S0, laminie (C„H,„N03)2C,H O, 
crystallme, v si sol water, msol alcohol 
(Hemtz, A 194, 53) 

ALKYL DI ACETONAMINES 


Hethyl di-acetonamine 
C,H,jNO t e COMe CH, CMe^ NHMe, 

18 formed, together with other bases, when 
acetone saturated with methylamme is left to 
itself for several weeks The base is ppd as acid 
oxalate, and punfied by conversion into platino 
chlonde — Free methyldiacetonamme is very un 
stable, quickly splitting up into methylamme and 
mesityl oxide The hydrochloride is deliquescent 
The platinochlonde (C,H,5NOHCl)2PtCl4 crys 
talhses m large light red rhombic pnsms, easily 
soluble m water, nearly msoluble in alcohol 
The plahnosochlonde (C7H,4NOHCl)^tCl2, pro- 
duced simultaneously with the platinochlonde, 
forms dark red crystals The aurochlonde 
C,H„NO,HClAuClg, forms short pnsms, m sol 
cold, V sol hot, water, alcohol, and ether The 
normal oxalate (C^H,5N0)^C^04 forms mdis 
tinct very dehquescent crystals, very soluble in 
absolute alcohol , iheacidoxalate C,H,5N0C3H^04 
crystalhses in small prisms, m sol absolute 
alcohoL The ptcrate forms yellow needles 
(GWitschmann, A 197, 38) 
Dimethyldiaoetonamine 
C,H„NO COMe CH, CMe^NMe^ 
is formed on heating a solution of dimethyls 
mixfe m acetone at 100°--105‘’ m a sealed tube. 
Free dimethyldiaoetonamme has not been ob< 
tamed as it very easily sphts up into dimethyl- 
amine and mesityl oxide The plahno-chlonde 
(CyH4,KOHCl)yPtCl4 crystalhses m small tablets « 


the auro-chloride in golden needles, sL soL 
water , the mtraie and stdphate m long colour- 
less dehquescent needles v sol alcohol The 
acid oxalate, C8 H,tN 0C2 Hj 04, is crystallme, v 
sol water and alcohol, nearly msoluble in ether 
(Gbtsohmann, A 197, 27) 

Ethyldiaoetonamme 
C^H.^NO t e MeCO CH^ CMe^NHEt, 

IS obtained by heating a solution of ethylamine 
m acetone at 80° for six hours CiaHjaN^O^tClj, 
light red hexagonal plates, inso ether and 
alcohol, soluble m alcohol containing HCl S 
116 at 16° Platinosochloride CigHjaN^O^tCl^, 
dark red prisms S 6 62 at 21°, insoluble in 
ether and m alcohol CgHuNOHCl forms hy- 
groscopic microorystals decomposing at 15o° — 
CsHibNOAuCI^ crystallises m large lemon yellow 
rhombic plates S 2 48 at 22° , easily soluble 
m alcohol and ether, melts unaer water at 
about 70° —The nitrate forms small needles — 
(ChH, NO)^H SO, forms tufts of needles — 
(C8H,,NO)^C H 0„ concentric groups of lygro- 
Bcopic needles — C^Hj^NOC JI O,, needles — The 
picrate CgHj^NO C„H^(NO )sOH forms short 
noedle shaped pnsms v sol water, insol alcohol 
and ether Free ethyldiacetonamine splits up 
even m the cold into ethylamine and mesityl 
oxide (Eppinger, A 204, 50) The prolonged 
heating of ethylamine with acetone gives rise 
onlj to ethyl diacetonamme, not to any base 
analogous to tnacetonarame Diethylamine does 
not appear to form any compound with acetone 
(Eppinger) 

Dehydrodiacetonamine C8H,,N(?) contained 
in the mother liquors of the preparation of acid 
diacetonamme oxalate, and passes over on dis 
tilling them with an alkali The platinochlonde 
forms slightly sol iaminsB (Hemtz, A 183, 276) 

Tnaoetonamine CpH^NO le 
XMe^ CHjv 

NH< >CO 

\CMe2.CH/ 

Oxy tetra methyl tetra hydro pyridine [58°] 
(hydrated) , [39 J*°] (dry) Formation — 1 To- 
gether with diacetonamme, by the action of 
ammoma on acetone, especially at high tempera 
tures (Hemtz, A 174, 133) — 2 By prolonged 
boiling of acetone with a solution of diaceto 
namme C„H,gNO + CjH^O — C*H,^NO + H,0 
(Hemtz, A 176, 305) This, according to Hemtz, 
IB the best mode of preparmg triacetonamine 
It IB punfaed by crystallisation of the oxalate, 
Tnaoetonamine separates from a solution of the 
normal oxalate mixed with KOH, as a hydrate 
C,H„NO,H.^O, which crystallises from anhydrous 
ether in large square tablets, and the mother- 
liquor on further evaporation and cooling to a 
very low temperature yields long needle shaped 
crystals of anhydrous tnaoetonamine Hydrated 
crystals rhombic a 6 c •» 09686 0 9768 1 

Tnacetonamme sublimes slowly, even at ord 
temp Distils without alteration Decomposed 
at 160°-200° by BL,S04 or PjO*, but does not 
yield definite products Heated at 100° for 16 
hours with fuming hydroohlono acid it yields 


diacetonamme, dehydropentaoetonamme and 
other products Wi^ chromic acid mixture it 
gives isopropyl-butyl-amme di-carboxylio acid i 
C.H„N04 ue COjH OMe, NH CMe^OH^CO*H 
(Hemtz, A 196, ^ With ethyl iodide it yields 
NHgKi, NHEty, NEt,, NEt4l, dehydrotnaoeiona 
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mine, and other products, but no ethylated 
tiiMioetonamines (Hemtz, A 201, 100) 

Sditt — B'HCi 18 easily soluble in alcohol, 
and separates therefrom on addition of ether, 
in pnsms — {B'HCl)^tCl4dH,0 crystallises from 
hot water m long, dark, gold coloured needles, 

V b 1 sol alcohol, lasol ether By exposing the 
alcoholic solution to sunlight, or heating the 
aqueous solution for several hours, it is reduced 
to (B'HCi)2PtC1^2H20, which is much less soluble 
in water the^n the platmo chloride, and crye 
tallises in dark red needles or rhombic prisms — 
(CgHijNOj^H^SO^ delicate needles or prisms 

V sol m water, insol alcohol and ether — 
C»H,,NO,IiNO, rhombic crystals -a b c = 
1272^ 1 1 0251 — (CBH„NO),H2CrO’4 Small 
light yellow crystals converted into the acid 
salt by recrystaUisation from hot water — 
(CBH,,N0)2H2Cr20, Orange red prisms {Hemtz, 
A 198, 87) — (CbH„N 0)2C2H,04 forms long 
needles, v sol water, v si sol alcohol — 

Tnclinio crystals, v sol 
water , resolved by boiling with alcohol or 
ether into the normal salt and oxalic acid 
(Hemtz, A 178, 326) 

Tnacetonanune Nitrosamme C9H,«(N0)N0 
[73-‘], S G 1 14, IS formed by heating aqueous 
triacetonamine hydrochloride with KNOjat 85° 
Long needles (from alcohol) V sol alcohol 
and ether Resolved by KOH into nitrogen, 
water, and phorono, also by prolonged boiling 
in aqueous solution By heating with HCl or 
it 18 for the most part reconverted into 
triacetonamine (Hemtz, A 185, 1 , 187, 233) 

Tn-acetone-diamine 

C^H^oNp i e (NHj CMe^ CHJjCO 
Found m small quantity amongst the products 
of the action of ammonia on acetone , produced 
more abundantly when a mixture of 1 pt ace 
tone, 2 pts NH^Aq, and 1 pt CS , is left at rest 
for a month , SCsH.O + 2NH, - C^H^^Np + 2H O 
Oily liquid soluble in water, somewhat sparingly 
in ether B"2HC1 forms prismatic cr;ystals, de 
composing at 200° — B"2HCl,rtCl4 is slightly 
soluble m cold, easily m hot water, insoluble m 
ether — B"C2H204, flat needles, nearly mao 
luble m alcohol, much more soluble in water, 
than the acid salt — B"2HC204 aq , monoclimo 
prisms (Hemtz, A 203, 336) 

Dehydro-tri-acetonamine C^Hj^N {Tetra 
rnsthyl^v hydro pyridine 1) (168°) (H ) , (163°) 
(C S) 

Ocmrs as oxalate, together with tri acetona 
mine, in the mother liquor got in preparing di 
acetonamme oxalate (s’ v ), and may be separated 
therefrom by distillation with potash (Hemtz, A 
174, 16b , 183, 276) 

Preparat/um — Acetone (20g ), acetamide (8g ), 
and ZnClj (30g ), are heated for 6 hours at 140° 
(Oanzeroni a Spica, G 14, 841) Another base 
(240°) 18 a by product m this reaction It ap 
pear%to be Its platmo chloride forms 

dodecahedra 

Properties — Oily hquid which readily oxi 
dises. Incoming brown 

Salts —(B'HCl)2PtCl4 Rhombohedra (from 
water) V si sol cold water, insol alcohol — 
BHAUCI4 [127°] Long yellow pnsms (from 
dilut 3 alcohol) Insol water 

A thydro-penta-aoetonamind 

04*H„N - 60,E^O + NH, ~ 6H,0. 


Is formed together with ammonia and di-aceto 
namme by heatmg tn acetonamme with fuming 
HGl at 130°, the hydrochloride then separating 
as a crystalline powder, sparingly soluble in 
water The base separated therefrom by potash 
is an oily liquid (Hemtz, A 181, 70) H W 
ACETO-NAPHTHYL-THIAMIDE u o-Naph 

THTLAMINE 

ACETONE CgH^O t e CH, CO CH, 

Dt methyl Ketone 

M w 58 (55 6°-55 9° cor ) (Perkin, C J 45, 
478) , (66°) (Dumas , R Schiff) , (66 3 ) at 760 
mm (Kopp, Regnault, Zander) , (66 53° cor ) 
(Thorpe, G J 37, 212) S G 2 814 , 799 

(Kcpp, A 64, 214) , 5 8186 (T ) , 7965 , 

7867 (P ) , g 8125 (Z ) , ^ 7920 (Bruhl) , f 
7506 (R Schiff, A 220, 103) V D 2 00 
(Dumas) C E (0°-10°) 00138 (T ) S V 77 08 
(S), 77 3 (Z), 76 78 (T) H F p 65,000 

(Berthelot) , 58,710 (Thomsen) H F v 67,260 
(Th ) 1 3639 Roo 25 55 (Biuhl) M M 

3 514 at 15 2° (P ) —Occurs in the urine, blood, 
and bram of diabetics (Markownikoff, B 8, 1683 . 
Peters, Kaulich, Betz, J 1861, 805) 

Formation — 1 By the dry distillation of 
acetates e g (MeCO 0)2Ba = Me^CO + BaCO, — 
2 From zinc methyl and acetyl chloride , 
{a) MeCOCl + ZnMe^ = MeCClMe OZnMe, 

(6) MeCClMe OZnMe + Hp =» 

Me^ CO + HCUZnO + CH, 

(Freund, A 118, 1) —3 By treating bromo or 
chloro propylene with aqueous hjpochlorous 
acid and mercunc oxide, whereby chloracetone 
IS formed 

2C,Hpi + 2HOCl4-HgO = 

HgCl^ + HP + 2(CHpi CO CH,), 
and reducing this compound to acetone with 
zinc and HCl (Linnemann, Bl [2] 6, 216) — 

4 By treating the isomeric compound, propylene 
oxide, With sodium amalgam, and dehydrogenis- 
ing the resulting isopropyl alcohol with chromio 
mixture, C^Hp H,-: (CH3)PH OH, and 

(CH,)PH OH + 0 = HP + (CH,)P0 
(Linnemann, A 140, 178) Berthelot (C R 68, 
334), effects the oxidation with aqueous chromio 
acid — 5 By the action of an aqueous solution 
of mercuric bromide (Kutscheroff, B 14, 1541), 
or chloride {B 17, 15), on allylene —6 By pass- 
ing aldehyde vapour over red hot hme (Schioe 
milch, Z 5, 336) —7 Together with propionic 
aldehyde, by heatmg a dilute aqueous solution of 
propylene glycol at 180°- 190° (Eitekoff, J 11, 
409) — 8 By heatmg propylene bromide with 
water at 170°- 180° 

CsH^Br^ + HP = 2HBr + C,H„0 
(Linnemann, A 161, 68) — 9 By heatmg o o di- 
chloro propane CMepij with silver acetate and 
alcohol m sealed tubes at 100° 

CMepi, + 2AgC02Me « 2AgCl + 2COMe, + CO, — 
10 Together with a bromme compound (proba- 
bly CHMePr) by the action of zinc and dilute 
sulphuric acid on the product CjHLpiprp, 
formed by the action of bromine on dichlorhy- 
drm (Lange, B 6, 98) —11 By distilhng with 
water the product formed, with evolution of HCl, 
on dissolvmg chloro propylene Me CCl CH^ in 
Bulphuno acid (Oppenheim, A Suppl 6, 865) — 
12 Together with mesitylene, on distilling with 
water a solution of allylene in sulphtino acid 
(Bohrcdie, B 8, 867) — 18 Together with other 
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products, by the action of lime on glycerm Beacttoris — 1 Acetone vapour passed throo^ 

(Tawilderow, B 12, 1487) - 14 Together with a red hot tube deposits carbon and yields so- 
isobutyno aldehyde, by oxidation of iso butyl called dumasm, also naphthalene, COg, OH4, and 
alcohol — 16 By oxidising with chromic acid the H (Barbien a Boux, C B 102, 1669) — 2 By 
hexylene obtained by the action of alcoholic nascent hydrogen (sodium amalgam and water) 
potash on di methyl isopropyl carbmyl iodide acetone is converted into isopropyl alcohol 
(Pawlow, Bl [2J 29, 676) — 16 By the action of Me CO Me + Hj^ Me CHOH Me (Friedel, O B 
nascent zinc methyl on acetic oxide (Saytzefl, Z 66, 63) — 8 Chlorine gas passed into acetone 
[2] 7, 104) (C0Me)40 + ZnMe2 = ZnO + 2COMe2 displaces 1 or 2 ats H, forming CA^IO and 
— 17 Together with other products, by the action CjH^Cl O, but does not remove the whole of the 
of zmo sodium on a mixture of methyl iodide hydrogen, even in sunshine Grabowski (B 8, 
and acetic oxide (S ) —18 By the dry distillation 1438), by passing chlorine mto pure acetone, as- 
of wood occurs therefore in crude wood spint , sisting the action by heat towards the end, ob- 
also of sugar, gum, or starch, with 8 pts lime tamed m addition to dichloracetone, two bodies 
(Fremy, A Ch 69, 7) — 19 By dry distilk ion C^H^ClgO and CgHjCljO The former is a hquid 
of citric acid, and m the oxidation of that acid insoluble in water (186°) S G 1 330 a« 29° 
by potassium permanganate, or by MnOj and V D 6 60 (calc 6 56) Decomposed by strong 
dilute sulphunc acid (P4an de St GiUes, A potash lye, with separation of chloroform The 
Ch [3] 55, 374) second body, C H,C1,0, is also hquid (206°- 

Preparatum —1 By dry distillation of barium 208°) SGI 326 at 26° V D 7 65 (calc 7 01 
or calcium acetate The banum salt decomposes Completely decomposed by strong potash lye or 
at a moderate heat, and when dry and puie sulphuric acid Pei hapstnchlorotnmesit; ’oxide 
yields pure colourless acetone The calcium When acetone is treated with excess of chlorine, 
salt requires a higher temperature and yields a and the product farst with KOH and then with 
distillate contaminated with an empyreumatic HCl, isapoglucic acid C„H,oOj is produced 
oil (dumasm) and other products —2 By dis With alcoholic potash, on the other hand, a body 
tilling in an non retort or quicksilver bottle, a (?) is formed, together with an acid 

mixture of lead acetate (2 pts ) and quick lime whose lead salt has the composition Pb(C,H^Oj)2 
(1 pt ), rectifying over calcium chloride, and (Mulder, J 1858,494) — 4 C/iZonne, m presence 
hn ally distilling over the water bath The pi o of alkalis, converts acetone mto chloroform 
duct may be purified from wood spirit by distil C,H„0 + 601^ + HjO = 2CHC1, -t- COj + 6HC1 
lation over calcium chloride, or better by com- Bromine acts in hke manner, producing bromo 
binmg the acetone with sodium hydrogen form, and iodine forms iodoform — 6 When 
sulphite, and decomposing the resulting com acetone saturated with HCl gas is mixed, after 
pound by an acid or alkali, also by con veitmg the 8-14 days, with water, a heavy brownish oil 
methyl alcohol mto an ether (oxalic or benzoic) separates, consistmg mainly of compounds of 
Crude acetone may also be purified by treating HCl with mesityl oxide, CbH,„0(=>2CjH„ 0 - H^O) 
it with potassium permanganate, which does not and phorone, CjH,40( = 3C,H.O — 2H2O) The 
attack pure acetone at ordinary temperatures mesityl compound C^HjjOClj, heated with KCN 
Properties — Limpid, \ ery mobile liquid and then with KOH, yields the K salt of a mo 
having a spirituous and slightly empyreumatic nobasic acid CgH„NO, {v Mesitonic acxd), thus 
odour and biting taste Very mfiammable , C^HjjOCl^ + 2KCN «= 2KC1 + C9H,40(CN)4 , and 
burns with a white smokeless flame, mixes m C„H,20(CN)2+ KOH + HL^^ + KC^Hj^NO, 

all proportions with water, alcohol, and ether The phorone compound, similarly treated, yields 
Dissolves camphor, fats, and resins Separated a neutral azotised body orystaUismg m shmmg 
from aqueous solution by CaClj and by KOH plates and subliming at about 300° (Maxwell 
(difference from alcohol) Even if boiling be Simpson, Pr 16, 364) According to Pinner 
tween 66° and 58° it is bable to contain methyl (B 14, 1070) the neutral body is a nitnle 
acetal, CH, CH(OCH,)2 , this can be detected CnHjgOjNj, formed accordmg to the equation 
by heating with cone HCl, for it then gives off 3C,H,0 + 2HCN»H20 + C,,H,b 02 Nj, it crystal 
MeCl Acetone reacts with hydroxylamme and lises m plates melting above 820° Heated with 
with phenyl hydrazme {v Acetoxim, Acetone aqueous hydrochloric acid it gives phoronio 
PHENYL hydrazide) It does not restore the acid C,,H,g02 [2 v] CgHjgOJCN), + « 

colour of a solution of a rosamhne salt that 2NH, + H2O + CgHigOjCO^H), — 6 By distillation 
has been bleached by SO^ (Schiff) with strong sulphunc acid, acetone yields mesi- 

Detectum — 1 An alcoholic liquid supposed tylene, CgHjj = SCgHgO - SH^-O , but when mixed 
to contain acetone is mixed with an equal volume with ^80^ in a cooled vessel it forms mesityl 
of water, and a drop of benzoic aldehyde and sulphonic acid C,H, SO,H, which, when heated 
another of aqueous NaOH are added After some with potash, yields mesityl oxide (Hlasiwetz, 
hours yellow needles of di-benzyhdene-acetone J 1866, 487) — 7 With PCI, acetone yields 
separate [112°] They dissolve m BL^SO^ giving chloropropylene CgHjCl and di-chloro-propane 
an orange solution (Claisen a Ponder, A 223, CgHgCl, (Fnedel, A 112, 236) — 8 With bremine 
1 13) 2 Acetone boiled with aqueous KOH and acetone umtes directly, forming C,H,OBr„ a 

iodine gives a pp of iodoform 8 A solution viscid, very unstable liquid, heavier than water 
of 1 m NH4I IS added to the hquid, previously (Linnemann, A 126, 307) According to £ J 
made strongly alkahnewith ammonia. A black Mulder, however {J pr 91, 47), it gives rise to 
pp tof iodide of mtrogen at first appears, but substitution -products —9 With HI acetone 
quickly disappears on shakmg As soon as this yields lodopropylene, CgH,! , with PI, a solid 
pp tends to become permanent it will change to and two hquid iodides (Hanutz-Hamitzky, Z 
Moforra if acetone 10 present, but will not be 1868, 416) According to Berthelot (Bl [2] 7« 
affected by alcohol (Guniung, Fr 24, 147). 69), acetone treated witlr HI yields propane. — 
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M) With iodtm chloride acetone yields CgHJ^O 
(IjJ^axwell ^ Simpson, Laboratory, p 79) — 11 
Electrolysis of a mixture of acetone and dilute 
sulphuric aoid produces acetic, formic, and car- 
bomc acids (Fnedel, J 1859, 838) —12 By 
chr<fpi%c acid mixture it is oxidised to acetic 
and carbonic acidso— 18 Acetone heated with 
ammortia 3nield8 a mixtirre of three bases, the 
composition and mode of formation of which 
are mdicated by the following formulas — 

Blaoetonamlne •• 0,H„N0=2C,H,0+NH,— HaO 

Trlaoetonamlne C.H„N0 = 3C,H,0 + NH,-2H,0 

Dehydrotrlfloetonamlne CJEi.N = 0,H„N0 — H,0 

With methyla/m/ine, in like manner, acetone 
yields methyldiacetonamme CjELj^NO ^nd other 
^sesP With dimethylamine only dimethyldi- 
acetonamme OgH,,NO —14 With hydroxy la 
mine, acetone forms aoetoxim [q v'] Me^C NOH, 
which crystalhses m prisms [60'^], (135°) — 15 
Spdium strongly attacks acetone, with forma 
tion of crystallised pinacone hydrate C„H,20 IJLjO 
and liq'^id phorone CgH, thus 2C,HyO + Na^ = 
Na^O + and 3CgH,0 - 2H2O = C.H„0 

(Stadeler, A 111, 277) — 16 Heated with ant- 
line hydrochloride at 180° it forms di methyl 
quinoline (Engler a Riehm, B 18, 2246, 3296) 
— 17 Caustic alkalis, e g KOH and CaO, exert a 
dehydrating siction on acetone and form con- 
densation products varying in composition ac 
cording to the proportion of water abstracted, viz 

B P 

Xylit©-nsphtha0„H„0,=4C,H.0-H,0 110^-120® 
Mesit>l oxide C,H,„0 = 2C,H,0-H,0 131® 

Mesitylene C.H„=3C H,0-3H,0 165®-I60® 

Phorone C,H„0=3C,H,0— 2n,0 2l6°-220® 

Xyllte-oll C..H„0=4C,H,0—3H,0 above 260® 

Vapour of acetone passed over strongly heated 
KOH or potash lime is resolved into methane and 
carbonic acid, C^H^O ^ 2KOH = K^COg + 2CH, 
At a lower temperature the chief products 
are acetic acid, formic acid, and hydiogen, 
C,H,0 + 2KOH + HP - KC2HP2 + KCHO2 + 3H2 
(Dumas a Stas, A Ch [2] 73, 149 , Persoz, Eev 
Scient 1, 51) — 18 Acetone heated with ZnCl^ 
yields hexa methyl benzene 0„Mey (W H Greene, 
C R 87, 931) —19 Gently heated with AlCl^ 
it yields mesityl oxide, phorone, and other 
products (Louise, C R 95, 602) —20 Dry 
PtCl4 dissolves in acetone, and the solution 
when evaporated leaves a brown resmous mass 
containing a yellow crystalline substance, 
C^,H,oOPtClj (?), called Acechloride of Plati 
num, Of Chloroplatinite of Mesityl (Zeise, A 
83, 29) — 21 OS adding HCl to a mixture of 
acetone, with potassium cyanide and sulpho 
cyanide, the compound CjHppS is obtained 
This compound heated with HCl is resolved 
into CO^, NH^ and a oxy iso butyric acid With 
silver nitrate it yields CjHgAgOpS (Urech, 
1118) — 22 By action of alkalis or of HCl 
gas on a mixture of 1 mol acetone and 2 mol 
benzaldehyde, dibenzylidenb acetone iq v) 
PhClf CH CO CH CHPh is obtained (Claison a 
Claparede, B 14, 849) By the action of 
alkaha on a solution of 0 nitro benzaldehyde 
In acetone, methyl 0 nitro $ oxy ^ phenyl ethyl 
ketone [68^ is formed according to the equation 
NO^-C^H^ CHO + CO(CH,), - 
N0,,C.H4 CH(0H) CHj.COCH, 

(Baeyer a Drewsen, B 16, 2866) —The oorre- 
ij^ndmg para>oompoa^d [68°) is obtained m 


like manner from acetone and p nitro benzalde 
hyde (Baeyer a Becker, B 16, 1968) —23 With 
furfwraldehyde, acetone forms a compound 
crystallising m long white needles [87^] (J G 
Schmidt, B 14,674) — v Fubfitbylidene acetone 
24 With pyrrol in presence of HCl it forms 
Cj^H.eNj, [291°] (Baeyer, B 19, 2184) 

Combinations -1 With Bisulphites 
Formed by direct combmation CaHb(OH) bO,NH4 
crystalhses m laminas (Stadeler, A 111, 307)— 
C,H«(OH)S05Na — Lammee, moderately soluble 
m water, less m alcohol Gives off acetone 
when boiled with aqueous sodium carbonate 
(Limpncht, A 93, 238)— C,H,(OH)SOaK (L ) 
2 "yj^ith Mercuric Oxide 2C8HP 3HgO 
Formed by mixing acetone with mercuric chloride 
and weak potash lye, dialysing the filtered liquid, 
and precipitating the liquid remaimng m the 
dialyser with acetic acid — Gelatinous precipitate 
which becomes resmous on drying Its solu 
tion gelaUnises when heated or when merely 
left at rest (Emerson Reynolds, Pr 19, 431) 
Formed also by dissolving HgO in acetone 
(Kutscheroff, B 17, 20) 

Acetone-bono Acid, C,HgOfBHO)2 [50°] 
Formed together with (a) and {fi) acetone fluo- 
boric acid, and hydrocarbons, on saturating 
acetone with boron fluoride and distilling the pro 
duct (a) Acetonefluoboric acid, CsH^O 3HFB4O4 
(120°-123°) , the isomeric (3) modification [36°] 
(90°-92°) forms shining white laminae Ail 
three compounds fume in the air, burn with 
green flame, and are quickly decomposed by 
water, yielding bone acid and acetone hydro 
fluoric acid (Landolf, C R 89, 173) 

Acetone-hydrofluonc Acid C3HPHF (65°) 
obtained by fractional distillation from the pro 
duct of the action of water on acetone fluoboric 
acid An inflammable liquid with pleasant 
ethereal odour (Landolf, C R 96, 680) Another 
compound, C^Hp 2HF (-12°) is gaseous at ordi 
nary temperatures 

Acetone-sulphonio Acid CH, CO CH^ SO^H 
Formed as K salt by treatmg dichloracetone 
(118°) with a strong solution of potassium sul- 
phite Cjn^Cip + K SOa + H2O = 

KpO^ + HCl + CaHpiO, and 
C3HPIO + K^SO, - KOI + C,Hp SO,K 
The K salt may be extracted from the product 
by boilmg alcohol, and separates therefrom m 
white laminsB Very soluble m water, not de- 
composed by boihng with dilute acids Boiled 
with strong potash lye, it yields sulphite and 
perhaps an acetone alcohol (Bender, Z 1870, 
162 , B 4, 617) Salts —KA' Plates (from alcohol 
V e sol water — BaA'j aq Plates — PbA', aq 

[140°] — CuA'2 l^aq Greenish plates 

Acetone-phosphorous Aeid CaH«0 POaH. 
Bemams on distiUmg acetone with I and P 
(CjHp P02)2Ba 18 amorphous, soluble m water, 
msoluble in alcohol (Mulder, J , 1864, 329) 
Acetone -cyanhydnn CH, C (CN) (OH) CH, 
{Oxyisobutyronitnle) Formed by the action of 
aqueous HCN (20 p c ) on acetone, or by the action 
of nascent HCN on acetone diluted with ether 
It 18 very unstable, for even on evaporation 
of its solution it changes into di acetone-cy^- 
hydnn with evolution of HCN (Tiemann a. 
Fnedlknder, B 14, 1970) Alcoholic NH, 
at 60° converts it into a amido iso-butyronitnle 
CH, C(CN)(N]By CH, whenceHOl forms n-anudo 
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ii!<o bntync acid Alcoholic HCl forms the 
imido ether Me,C(OH)C(OEt) NH (Pinner, B 
17, 2009) 

Diacetone cyanhydrin CMe 2 (ON) O CMe 2 (OH), 
18 prepared by adding 1 mol HCl (gaseous or 
aqueous) to 1 mol KCN immersed in acetone, 
dissolving the product in ether, and evaporating 
(Urech, A 164, 259) Thick shining anhydrous 
prisms, easily soluble in water, alcohol, and 
ether Melts at 135°-162® and sublimes below 
its melting point in long needles Decomposed 
at ord temp by HCl into NH^Cl, acetone, and 
o oxy iso butjrric acid 

Substitution Products v Bromo acftone, 
Chlobo acftone, Chlobo bromo-acetone, {pno 

ACETONE, CyANO ACETONF, ThIO ACETONE 

Heta-aoetone — This name was gi\en by 
Fremy (A Ch [2] 59, 6) to an oil occurring 
among the products of the distillation of sugar, 
starch, or gum, with quicklime He ascribed to 
It the formula CaH,oO and boiling point 84° 
Gottlieb (A 62, 128) converted it by chromic 
mixture into propionic acid (called therefore 
Metacetonio acid) Benedikt (A 162, 303} 
found V D 3 53 instead of 3 59, and stated that 
it did not combine with NaHSOg Meta acetone 
has also been examined by Favre (A Ch [3] 11, 
80), Cahours (C R 30, 319), who describes it 
as present m crude wood spirit, Lies Bodart (/ 
1856, 455), and Schwartz {J 1850 533) Never 
theless Pinner {B 15, 586 , 16, 1729) considers 
metacetone to be a very comphcated mixture 

H W 

Para-acetone v Pinacone 

ACETONE-ALCAMINES - These are pro 
ducts derived from the acetonamines bv reduc 
tion, their CO being converted into CH(OH) 

Diacetone alcanune C„H ,4 NO le 
NH CMe, CH, CH(OH) Me (175°) Formed bv 
reduction of diacetonamirie by gradual ! j adding 
sodium amalgam to its solution in alcohol 
diluted with aqueous ammonia Liquid, having 
a faint ammomacal odour, miscible in all pro- 
portions with water Absorbs CO^ from the 
air , fumes with HCl (C^H.^NOHCl) PtCl^ 
forms orange red triclmic crystals, easily soluble 
m hot water 

Ethylidene diacetone-alcamine 

H,C-CH(0H)-CH2 
C,H,,NO le ! I 

MeHC — NH — CMe, 

Oxy tn methyl hexa hydro pyndine [123°] 
Colourless crystalline solid Easily soluble m 
water and alcohol, spanngly in ether, and ben 
Eoline Formed by reduction of ethyhdene- 
diacetonamme with sodium amalgam in slightly 
acid aqueous solution The hydro chloride 
forms slender needles, the sulphate large flat 
prisms (Fischer, B 17, 1794) 

Tnacetone alcamine C^Hj^NO 
H2C-CH(0H)— CH, 
te I I [128 6°] 

Me,0— NH — CMe, 

Oxy tetra methyl hexa-hyd/ro-pyrhdAm>6 Formed 
together with pseudotnacetonamine by reduo 
tion of tnacetonamine with sodium amalgam m 
slijihtly acid aqueous solution (Fischer, B 17, 
1788) 

Pseudotriacetonalcamine [180°] SI 
sol water and ether, crystallises from hot alcohol 
Its platino chlonde (C,H,;NO301),PtOl4,6H,O 


forms rhombic crystaJs (Heinti, A 188, 290, 
817) 

nethyl-tri-aoetone-alcamine OjoH^NG [74°] 
or, when hydrated, [60°] Formed from tn- 
aoetone alcamine by Mel and MeOH at 100° (E, 
Fischer, B 16, 1605) Slender plates (from 
water) Strongly alkaline H W 

acetone ALCOIPOL t? Acettl-carbinol. 
acetone ammonia V Acetonamines 
ACETONE BENZIL C„H,«0, %e • 

Ph CO Crh(OH) CH, CO CH^ [78°] 
Preparation — Benzil is shaken with exoess 
of pure acetone and a little cone KOH, and the 
cr\ stale obtained are dissolved in ether (free 
from alcohol), which is allowed to evaporate 
Ci^HioO, V CgHgO^ Ci^HieO, (Japp a Miltor, (L 
J 47, 21) 

Properties — Colourless square prisms Sol 
ether or alcohol Resolved by heat into its con 
stitucnts 

Reactions — 1 Chromic mixture gives ben 
ZOIC and acetic acids - 2 Dry NH, giy^s ace- 
tone benzilimide {q v ) — 3 Alcoholic hydroxy 
lamine gives C,,H,ttO^(NOH), [146 ] , m sol 
benzene, si sol ether This body is not affected 
by further treatment \Mth hydroxylamine 
Dehydro-acetone-benzil Cj^HnO, xx 
CH 

Ph CO CPh/ \C0 [149T 
^CH/ 

Preparation —Benzil is shaken with excess 
of pure acetone and excess of cone KOH (J a. 
M) C„H,„0, + C3H„0-C„H,,0 +Hp 
Properties — Colourless prisms 
Reactions —1 Converted by bromine m chlo 
roforra to a bromo derivative C, H„BrOj [172°] , 

I slenderneedles (from glacial HOAc) —2 Chromic 
acui m glacial HOAc forms an acid, C,^H,^0„ 
[152'’], needles Salts AgA'— BaA'^ 2aq 
Dehydro-acetone-di-benzil CajH^^O^ [196°] 
Formation — 1 From acetone benzil and di 
lute alcoholic KOH — 2 From acetone, excosg 
of benzil, and a little cone KOH 

2C„H, A + C,H, 0 = Ca.H^ A + H 0 
Properties — Colourless crystals (from ben 
zene) , si sol boiling alcohol Crystalhses from 
alcohol with one molecule EtOH 

ACETONE-BENZILIMIDE C.AnNO, [176°] 
From acetone benzil and dry NH, Flat plates 
(from alcohol) Heated with HCl and oxaho 
acid, gives a red gum (J a M ) 

ACETONE-BORIC ACID v Acetone 
ACETONE • BROMIDE » ni Bromo {1<bopanb 
(2 v) 

ACETONE -BROMOrORM C,H,OBr, tc 
Me^C(OH) CBr, l 175°], or, when hydrated [167°] 
From bromoform (6g ), acetone (30g ), and soda 
lime (8g ) (WiUgerodt a A MuUer, C C 1884, 
808) 

ACETONE CARBOXYLIC ACID - Acbto- 

ACE no Acn> {q v ) 

Acetone di -carboxylic acid GAOs 
COjjHCHjCOCHCOA [c 1S0°J Formed by 
heating citric acid with H2SO4 Colourless 
needles Split up mto CO^ and acetone hy^ 
heat, by boiling water, or by warm acids or al 
kalis It contains methylenio hydrogen dis 
placeable by Na Fe^Cl, gives a violet colour 
It reacts with phenyl hydrazine (Peohmann, B 
17, 2642) It forms a compound with HCN, 
which on saponification produces oitno aoi^ 



AX^ETONE-PHENAiTrmiAQUIXONE. ^ 


oonvertfl it into di-oximido acetone (Pech 
naann a Wehsarg, Bk 19, 24C5) 

Ihe ethyl ether it an oil which can give 
rite to taltt by exchanging ita methylenic hy 
drogen for tooiam or copper. Reactions — 1 
Bv tuccessive treatment with sodium and an 
alkyl iodide (RI) the following ethers may be 
got CO,Et CH, CO CHR CO,Et, 
OO^tCHB CO CHR CO^t, 

CO;Et CHR CO,CR^COEt, 
and finally CO,Et CR, CO CR CO,Et 
The acids obtained by saponifying these bodies 
are split up by heat into COj and alkyl acetones 
(Dunschmann a v Pechmann, B 18, 2289) — 
2 Acetone di -carboxylic ether (100^) is con- 
verted by heating with Na (21 g ) mto di-oxy- 
phenyl acetic di carboxylic ether 

C,H{OH),(CO;Et), CHj CO^t 
(Comelms a Pechmann, B 19, 1446) — 8 Am- 
monia produces oxy amido glutaramic ether, 
CO ^t CH, C(OH) (NH ) CH, CO NH, [86°] 

(v Pt hmann a Stokes, B 18, 2290 , 19, 2694) 
acetone chloride V di Ciiloro propane 
ACETONE CHLOROFORM C.H^OCl, tc 
Me C(OH) CCl,. Oxy iso hutyro tri chloride 
[90°] or when hydrated, + iaq, [81°] (167° uncor ) 
Prepared by adding solid KOH to a cold mix 
ture of acetone and chloroform It is a crystal- 
line solid, resembling camphor m appearance and 
smell Rotates on water V sol alcohol, ether, 
chloroform, acetone, or glacial HOAc, insol 
water Volatile with steam Converted by water 
at 180® into a-oxy iso butyric acid (WiUgerodt, 
B 14, 2451 , 16, 2305 , 16, 1585) 

ACETONE CYANHYDRIN v Acftonb 
ACETONE-HYDROQUINONE C,H„0, From 
acetone and hydroquinone (Habermann, M 5, 
<29) 

ACETONE HYDROXYLAMIDE v Acetoxim 
ACETONE-PHENANTaRAQUINONE 

C„H,A [90] 

Formation, — From phenanthraqumone by 
heating with a large excess of acetone at 200° 
The product is washed with NaHSO,and extracted 
with ether (Japp a Streatfeild, C J 41, 274) 
Preparation — Phenanthraqumone (50 g ) is 
shaken in a glass with acetone (GO g ) and cone 
NH3Aq(40c c ) Acetone phenanthraquinonimide 
IB formed and filtered off , after washing with ether, 
it IS made into a cream with water and stirred 
into a solution of oxalic acid (90 g ) in water 
(800 0 c ) at 25° The substance dissolves, but 
minute needier of acetone phenanthraqumone 
soon separate (Japp a Miller, C J 47, 18) 
Properties — Large thm blades (from ether) 
Insol water, v sol ether, acetone or alcohol 
Reactions — 1 heaU by boiling water, or 

bv bailing alcohol, it is resolved into acetone and 
phenanthraqumone C„H,jO, « Cj^H^O, + CjH„0 
2 *Ztno dust and glacial HOAc form C,7H,jO, 
[121°] This 18 extracted by ether and crystal 
lised from alcohoL It forms long slender needles, 
V e sol ether or chloroform, v sol boiling 
alcohol, V si sol cold alcohol Sublimes in 
feathery crystals It decoloiises bromine — 8 
A few drops of dilute aqueous KOH added to 
an aloohoho solution forms minute crystals of 
aoetone-di phenanthraquinone {q v ) — 4 Cone 
KOH (S G 1 27) added to a solution of acetone- 
phenanthraquinone in acetone forms a ciystal- 
iine mass ^ di acetoriC phenanthraqumone. — 
Vol.L 


6 Ammonia passed into an ethereal solution of 
acetone phenanthraquinone forms crystals of 
acetone phenanthraquinonimide 
Acetone • di - phenanthraquinone 
[190®] Formed by adding a httle dilute KOH 
to an alcoholic solution of acetone phenanthra 
qumone (J a M ) 2C„HnO, - C„H^O* CJtt.0 
Colourless crystals (from benzene) 

Di - acetone > phenanthraqumone 
[187°] 

Preparation — Pure acetone (43 g ) Is shaken 
with finely powdered phenanthraquinone (50 g ) 
and a little (^2 c c ) cone KOHAq (SOI 27) 
After 12 hrs tne resulting solid cake is washed 
wifti ether and crystallised from acetone (J a M ) 
Properties — Short oblique prisms Sparingly 
soluble m the usual menstrua Sol acetone or 
benzene Decomposed by boihng glacial HOAc 
or amyl alcohol Decomposed on meltmg into 
acetone and phenanthraquinone 

Reactions — Boihng Ac 0 converts it into da- 
hydro di acetone phenanthraqumone 

Dehydro-di-acetoue-phenanthraqumonc 

[179°-181°] Colourless pointed pnsms 
(from benzene) Formed as above Its constitu- 
tion 19 perhaps 


C.H,C-CH,COMe 

I l> 

C„H, C-CH,COMe 
Dehydro-acetone-phenanthraquinone 
C,,H, O4 [195®] Formed in small quantity, 
together with di acetone phenanthraqumone 
when excess of KOHAq (SGI 27) acts upon 
a mixture of acetone and phenanthraqumone. 
It 18 present m the ethereal washings of the di- 
acetone phenanthraquinone (J a. M ) 

Groups of minute needles (from benzene); 
m sol hot benzene, hot alcohol, or ether 

Acetone-phenanthraqumouimide C, „NO, 
[130®] Foimation — By passing NH, mto an 
ethereal solution of acetone phenanthraqumone. 

Preparation — Phenanthraquinone (60 g ), 
acetone {60 g ), and cone NH,Aq (40 0 c ), shaken 
together form a white crystalline powder which 
IS washed with ether and crystaUised from ace* 
tone containing a little NH,Aq 

C, ,H,0, 4 C,H„0 + NH, = C„H„NO^ + H,0 
( J a S ) Colourless rhomboidal laminae 

Reactions — 1 Ao^^O decomposes it, forming 
phenanthraquinone — 2 Cold cone. HCl dis- 
solves it, but the solution soon deposits a dark 
blue substance The diluted filtrate deposits co 
lourless needles of acetone phenanthraqumone 
C„H„NO, 4 H O - C„H„0, 4 NH, 

By using cone aqueous oxalic acid as a solvent 
the formation of the blue compound may be 
avoided, and after dilution, the needles separate 
as before 

The following constitutional formuUs are 
suggested by Japp and Miller to explain the 
properties of the preceding bodies 

eja, C(OH) CHyCO Me ^ ^ 

6S!co 

O.H.C(OH)CHrCOMe ^ ' 

<!j.H.6nH teC,3,.NO. 

C.H,C(OH)CH,COM« 

il,H,<!!(OH)CH,COM« **^^«*^ * 
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ACETONE-PllENYI^IlYDRAZIDE, 


ACETOITE-PHEinrL-HYDRAZIDB 

(CHjj.C N NHPh (165°) at 91 mm Oil Pre 
parea by mixing acetone with phenyl hydrazine 
It dissolves in cold aqueous acids and on warm 
ing the solution it is resolved into its constituents 
(Keisenegger, B 16, 6G2) 

DI-ACETONE-PHOSPHINIC ACID 
C^H.gPO, aq, t e (CH,),CH CHAc PO(OH), aq. 
or, less probably (CHg CO CHJ^PH(OH)_jaq Di 
acetonyl phosphiiiic acid, tso pi opyl acetonyl 
phosphontc acid, Q>-acetyl iso butane a» pJiospho 
me acid [64°] Formed by the action of water 
upon di acetone phosphorous chloride (infra) 
(Michaehs, B 17, 127d . 18, 902) 

C<,H,„0 PCI + 2HP = C.H^PO^ + HCl 
Blender needles V e sol water or alcohol, v 
sol ether Strong dibasic acid 

Salts — NH^HA" V sol water, si sol alco 
hoi Crystals — 2aq Insol alcohol 
— BaHaA'^j 2aq Needles , v sol water, si sol 
alcohol — BaA" 6aq , m sol hot water , tri 
metric tables, a b c = 785 1 2 525 — 

PbA" - PbA" ^ PbO - MgA" 6aq , ppd by al 
cohol from aqueous solution in glitteimg plates 
— KHA ' , deliquescent gum v sol alcohol — 
KHgA", , slender needles, v soL water, si sol 
alcohol — Ag A" 

Reactions —1 HNO, forms a tnbasic crys 
talline acid possibly /3 carboxy propane 

p’losphomc acid CH, CH(CO,H) CH^ PO(OH)2 
1 he salts AgjA'", and Ba,A'"j, are crj stalline 
Oxtm,— C«H,«(NOH)PO, [170°] Colourless 
crystals , V sol water or alcohol , dibasic acid 
Di-Acetone-phenyl phosphinio Acid 
C„H,.(C,H,)PO„ probably 
(CH3 )jCH CH(C0 CH,) P0(C«H )0H [86 °] 

Piopared by adding P^Oj to a mixture of acetone 
and phosphenjl chloride, and treating the pro 
duct with water 


(1) 2C,H 0 + C«H PCl3-H,0 = C,H,o(CeH,)POCl, 

(2) C„H,o(C«HJPOCl3 + 2H 0=» 

C,H, (C«H )PO, + 2HC1 
Long colourless plates ( + H Q) Sol hot w ater, 
si sol cold water and ether, v e sol alcohol 
The anhydrous acid forms a glassy mass, v sol 
ether AAg , crystals, v sol water (Michaelis, 
B 19, 1009 ) 

Di-Acetone-p-tolyl-phosplunic Acid 

C,H„(C,H,)PO„ probably 
(CH3),CH CH(C0 CHg) PO(C,H,)OH [103°] 
Obtained by adding PjOj to a mixture of acetone 
and p tolyl phosphorous chloride, and treating 
the product with water Glistening plates , sol 
hot water, v sol alcohol and ether A'Ag , 
s' enderglistening soluble needles (Michaelis, B 
19, 1012 ) 

DI-ACETONE-PHOSPHORIC-TEI-CHLOEIDE 

(CHJ . C ~ 0 

C,H,oO,PCl, XJ6 V , /71 

• * CH,COCH-PCl, 

[115°] Formed by passing chlorine into a solu 
tion of di acetone phosphorous chloride m pe 
troleum ether (Michaelis, B 18, 901) Colour 
less crystals , si sol petroleum ether 
DLACETONE PH08PH0BIC-CHL0R0 BBOM IDE 

C.H,.0,PClBr. ~ (?) 

* CH,COCH-PClBr, ' ' 
tt42°] Formed by addition of bromine to a so 
lutionof di acetone phosphorous chloride m light 
petroleum (Michaelis, B 18, 000) Colourless 
erystaia, SI sol light petroleum It is decom 


posed by water into mesityl oxide, phosphoV5< 
acid, HCl, and HBr r 

ACETONE-PHOSPHOBUUS ACIDv Acx-to\e 
DLACETONE-PHOSPHOBOUS CHLOBIDS 


(CH,),C-0 

C«H,„OPCl IS I • (?) 

“ ^ CH3COCHPCI 

[36°] (154°) at 100 mm , (235°) at 745 mm 

S G (liquid) \lf 1 209 Prepared by slowly add 
mg Al^Clj (8 pts ) to a cooled mixtuie of PCI, 
(50 pts) and 2^ times its volume of acetone, 
yield 6 pts It IS decomposed by water mtc 
di acetone phosphinic acid C^HjjPO^ and HCl 
It readily combines with 1 mol of chlorine oi 
bromine (Michaelis, B 17, 1273, 18, 898) 
ACETONE SULPHONIC ACID v Acetone 
ACETONIC ACID v o Oxv iso butyric Acid 
DI-ACETONIC ALCOHOL v Acetyl butyl 


ALCOHOL 

ACETONINE CgHjsNj. This base described 
by Stadeler (A 111, 277),Hlasiwetz [A 76, 29^), 
and Mulder {A 168, 228), was found by Heinta 
(A 201, 102) to be a mixture of di acetonamine, 
tri acetonamme, and tri acetone di amine 

ACETONINES Bases obtained by dehy- 
drating acetone alcamines by cone HjSO^ 
Ethyhdene-di-acetonine C,.H,^N le 
CH CH CH2 CH,CH CH 

MeCHNH CMe^ Me^H NH CMe, 

Tn methyl tetra hydro pyridine (132°-137° ) 
Formed from ethylidene di acetone alcamine 
(1 pt ) and cone H^S04 (3 pts ) by heatmg for 
hours at 100° 

Colourless oil with alkaline reaction Volatile 
with steam SI sol water, more soluble m cold 
than in hot water Miscible with alcohol, ethn, 
or chloroform Heated with HI, it yields lodo- 
tri methyl piperidine, CjH^MejIN [60°j 

Salts — B'HI , slender, sparingly soluble 
needles — B'HBr , small soluble trimetric pyra- 
mids (Fischer, B 17, 1795) 

Benzylidene di acetonme C.^H, N te 
H,C - CH = CH HO = CH - CH, 

PhHC - NH - CMe, PhHC - NH - CMe^ 

Phenyl di methyl tetra hydro pyiidine Foimed 
by the action of strong H^SO^ on benzylidene 
di acetone alcamine 

Distils undecomposed Volatile with steam 
V sol alcohol or ether v si sol water 

Salts — '‘B'HBr colourless tables or needles, 
si sol cold water — B'HI, spaiingly soluble 
needles — ’‘B'HAuCl, (Pischer, jB 17,1797 ) 
Tri-acetonine • 

H.C CH CH 

C,H„N i« , I „ (146°) at 740 mm. 

‘ Me^LNHCMe, ' 

Tetra methyl tetra hydro pyridine 
Prepared by heating tn acetone alcamine 
(1 pt ) with strong H^SO^ (8 pts ) on a water 
bath for an hour, pouring into water, neutralising 
the acid, and distilling the base over with steam 
(Fischer, B 16, 1604) 

Properties — Mobile fluid, smelling like pipe- 
ridine It combmes with water foiming a hydrate 
crystallising m long white needles, which give 
off their water at a moderate temperature Vo^ 
latile with steam Poisonous By heating with 
HI it gives lodo tetra methyl piperidine 

Salts — B'HBr , large white prisms, si soi 
cold water — B'HCl , v sol w ater or aloohoL-r 
B'HAuCl^ , yellow noedU s 



AOETONYL-THIO-CARBAMATE 


85 


fTitrosanitne CrtH,^N(NO) yellowish tables, 
V sol afcohol, ethe-% and benzene, nearly in 
soluble in water , volatile with steam , strong 
camphor like smell 

Methyl derivative CgHiaNMe colourless oil 
veuy volatile with steam, sparingly soluble in 
water (Fischer, B *L7, 1789) 

ACETO-NITB ANILIDE v Nitbo aniline 
ACETONITBILE C,H,N le CH,C N 
Methyl cyanide^ methyl isocyanide M w 41 
(81 b°) at 71B0 mm (Vincent a Delachanal, 
Bl 33, 405) , (81 3°) (II Schiff, B 19. 567) 

5 G 2 805 , 780 (V a D ) S V 57 23 (S ) 

H F p — 16 680 H F V — 16 260 (Thomsen) 
fin 1 3458 (V a D ) Roo 18 00 (Ka#ionnikoff, 
*7 pp [2] 31, 301) V D 1 45 (for 1 42) 

Occurrence — In crude ben7ene (V a D ) 
Formation — 1 Dry KMeSO, is distilled with 
dry KCN and the distillate rectified over CaCl^ 
(Trankland a Kolbe, C S Mtm 3,386, A 6>, 
2b8) — 2 From Me SO, and KCN the product 
being MistiUed over HgO and then over PPj 
(Uuinas, Malaguti a Leblanc C R 25 474) — 3 
By dibtilling NH,OAc with P 0^ (Dumas, C R 
8 ) 3S5) —4 By distilling acetamide with P 0^ 
(Buekton a Hofmann, C J 212) — 5 By dis 
tilling acetamide (5 mols ) with P (1 mol), 
washing the pioductwith NaOHAq and digesting 
with PbO (Henry, A 152, 140) — (i 1 lom aceta 
mide b> action of PCI (Wallach, A 181 21) 

Pi epaiation — 1 By boihng acetamide (500 
g ) for a week with a little glacial acetic acid, 
the watei pioduced being constantly allowed to 
distil off The theoieticai yield is got (De 
maiQay, Bl [2] 33, 456) 

Piopci ties — Colourless liquid with a pleasant 
etheieal odour, burns with a reddish boidercd 
flame Miscible with water but separated by 
salts fioin the solution Mixes with alcohol 
The presence of a little alcohol loweis its boiling 
point several degrees (D ) 

Reactions — 1 Hot atiueous KOH acts thus 
CH, CN + H O + KOH = CH^CO K + NH, 

2 Chromic and nitric acids have no action — 
8 Heated with Na, it forms Cyanmfthinf {q v ) 
and NaCN — 4 Glacial HOAc at 200° forms di 
acetamide CH,CN -h CH, CO OH = (CH3 CO) NH 
((lautier, A 150, 189) — 5 Ac^O, forms tri 
acetamide CH^ CN -f (CH, CO) 0 = (CH, COl^N 

6 Combines with dry HBr, HI, and (with 
difficulty) with HCl (Gautier, A 142, 291) —7 
Bl ominc foi ms the hydrobroraide of the nitrile 
of BnoMh ACETicaciP {q v ) CH^r CH NBr [65°] 

Combmalions — C,H3N2HBi, 01 CH, CH, NBr, 
f47°-60°j crystals, maybe sublimed — C,H,NPC1, 
(72°) dissociated above its boiling point(Hencke, 
A 106, 281) — C H,NSbCl>, formed with great 
rise of temperature , white crystals which may be 
tublimed (H ) — C^H^NAuCl, brownish yellow 
po>n^er (H ) — (C,H,N) TiCl, white crystalline 
ciusts , may be sublimed (H ) — (C^H^N) SnCl^ 
sublinttes in aiborcscent foimations (H ) — 
C,H,N2Hg(CN)j white vitreous mass, deoora- 
posea even over H^SO, (Hesse, A 110, 202), 
€H, C(NH ) NOH, formed by the union of aceto- 
nitrile with hydroxylamme y Eihenil amid oxim 
ACETONUBAMIC ACID OjH.uNA %e 
NHo CO NH CMe,,COOH a Uramido iso butyric 
acid, di methyl hydantoic acid Obtained, as 
baiium salt (C.HhN 0 )Bb(OHL, by prolonged 
boiling of a solution of d?4mothyl h^dantoin with 


baryta water The acid itself appears to bo very 
unstable (Ureoh, A 164 255) A more stable 
acid of the same composition is obtained by 
evaporating the mixed solutions of the sulphate 
of amido isobutync acid and potassium cyanate 
It forms crystals, melting, with loss of water, at 
160°, moderately soluble in hot water and aloe 
hoi Decomposed by prolonged heating at 
130°- 140° into water and di methyl hydantoin 
C H„AgN,Oj crystallises in needles (Urech, A 
164,274) H W 

ACETONYL-ACETO-ACETIC ETHEB C„H„0„ 
i e CH, CO CH, CHAc CO,Et, a $ di acetyl pro 
pioj^ ether 

From aceto acetic ether and chloro acetone 
(Weltner, B 17, 67) Liquid Warm cono 
HCl changes it to pyrotritaiic ether C,H,0,Et 
Water at 160° pro luces some acetonyl acetone 
ACETONYL-ACETONE C H,„0, le 
CH, CO CH CH CO CH, Di methylethylene d%- 
ketone (18S°uncor) 

Formation —(1) By heating pyrotritario acia 
(di methyl furfurane carboxylic acid) with water 
at 150°-160° , yield nearly theoretical (2) By 
heating acetonyl aceto acetic ether with water 
at about 160° , small yield 

Pjoperties — Mobile liquid of peculiar smell 
, Miscible with water, alcohol, and ether, insol 
cone KOHAq, or K^COjAq 
I Reactions when heated with it, forms 

J thioxene C H„S — Heating with alcoholic NH, 
givesdi methyl pyrrol (Paal,J3 18,2251), amines 
behave similarly (Paal a Schneider, B 19, 3156) 
Di oxtmCH3C(NOH) CH,CH C(NOH) CH^ 
[135°] White glistening plates, V sol hot water, 
alcohol, or ether, v si sol benzene 
1 D I phenyl di hy drazide C,H,(CMe N,HPh)j 
I [120°] plates, v sol alcohol, ether, or benzene, 
neaily insol light petroleum (Paal, B 18, 58) 
ACETONYL CARBAMATE C.H^NO, [76°] 
Formed by boiling acetonyl thiocarbamats 
(infia) with lead acetate or silver oxide 
Ciy&tallises from water in prisms, may be dis- 
I tilled , dissolves in water, alcohol, and ether, 
I Decomposed by heating with strong hydrochlono 
I acid or baryta water, yielding CO^, NH,, and 
a oxy ISO butyric acid The salts C^H AgNO,, 
and AgNO, 2C5H7NO, are crystalline (Urech, B 
11,467, 13 485) H W 

ACET0NYL-PH08PHINIC ACID CaH^PO, x e 
CH, CO CH^ P(OH)^ Residue left after distilling 
acetone with I and P {v Acetone phosphor ous 
acid under Acetone) Salt — Ba(CsH,,PO,)^ 

Di-aoetonyl phosphinio Acid v Di acetone 

PHOSPHINIC ACID 

Di-acetonyl-phosphorous Chloride v Di ace- 
tone PHOSPHOROUS CHLORIDE 

ACETONYL -QUINOLINE C.,H„NO 

XH CH 

I 

\n 0 — ch,.coch, 

Quinolyl-acetone [76°] Prepared by redudng 
0 nitro cinnamoyl acetone in alcoholic solution 
with SnCl^. Long yellow needles Distils with 
out decomposition Sparmgly volatile with 
steam Insol cold water, si sol hot watpr 
Dyes wool and silk yellow Heated with strong 
HCl at 170° it gives {Py 3) methyl-qumolino 
, (Fischer a Kuzel, B 16, 163) 

ACETONYL-THIO-GABBAMATE (so called) 
C^H^NSOy ThxaceUmuramtc acid [152°i 

n 8 
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ifO 

Formed by treating acetone with a mixture of 
potassium cyanide and sulphocyanide, and HCl 
C,H,0 + CNH + CNSH » H,0 - NH, + C,H,NSO, 
Long needles , easily sublimable , very soluble 
in ether, less easily m cold water Resolved 
by heating with HCl in a sealed tube at 120° 
into CO^ HjS, NHj, and a oxy iso butyr o acid 
The silver salt C,H,^gNSO, is very sparingly 
soluble (Urech, B 6, 1117) H W 

ACEtomri UREA V Di Methyl hydantoin 

AC£T0*FH£KIN£ v Acetophenone, Re- 
action 6 

ACETO-PHEKONE C«H,0 ie C,H CO CH, 

Phenyl inethyl kcioney Acetyl benzene M w 
120 [20*5°] (202° cor ) S G 15 1 032 ^ 

Foimation — 1 By distilling calcium ben 
Eoate with calcium acetate (Fnedel, A 108 
122) — 2 From BzCl and ZnMe^ (Popofif, A 
161, 296) — 3 By action of KOHAq on ben 
Eoyl aceto acetic ether — 4 From phenyl 
acetylene by shaking with diluted (75 pc) 
HjSO^ (Fnedel a Balsohn, Bl [2] 35, 54) 
Ph C CH + H^O = Ph CO CH, — 5 From bromo 
styrene and H^S 04 small yield — 6 Bromo 
styrene heated with a large excess of water for 
12 hours at 180° yields 66 per cent (Fnedel 
a Balsohn, Bl [2J 82, 613) — 7 From ethyl 
benzene and chromic acid in acetic acid (F a 
B ) — 8 From di bromo phenyl propionic acid, 
CHJBr CBrPh COjH by boihng v^ater (Fittig a 
Wurster, A 195, 160) 

Preparation — From benzene (10 pts ), acetyl 
chloride (1 pt ), and AlCl^ (2 pts ) (Richter) 

Properties — Large plates Does not combine 
with NaHSOg but, like other ketones, it reacts with 
hydroxylamine, phenyl hydrazine, and HCN 

Reactions — 1 Chromic mixture oxidises it to 
benzoic and carbonic acids (Popoff) — 2 Sodium 
amalgam reduces it to phenyl methyl carbinol, 
CH, CHPh OH, and acetophenone pinacone — 
8 With HI and P at 140° it gives di phenyl di 
methyl ethane, CigHu, and a compound C,^H,bO 
(Graebe, B 7, 1626 , v Acetophenone pinaco 
line) — 4 C/iZmneproduceschloro acetophenone 
Ph CO CH^ Cl [59°] (245°) and di chloro aceto 
phenone Ph CO CHClj (250°- 255°) v Chloro 
acetophenone — 5 Bromine in CSj produces 
bromo acetophenone, Ph CO CHgBr [50°] v Bno 
M > acetophenone — 6 Ammonia m presence of 
P Og forms * acetophenme ’ C^H,,N together 
with methane Acetophenme crystallises from 
alcohol m slender needles, which may be sublimed 
It iB a weak base, its hydrochlonde crystallises 
in plates, decomposed by water into HCl and the 
base Fuming HNO, forms tn nitro acetophenme 
CH,H, 4 (N 02 )aN , slender needles (from ether) 
Acetophenme is probably tn phenyl pyndme 
yCFh CHv 

(Engler a. Riehm, B 19, 40) — 7 When taken 
mtemally it reappears m the urme as hip 
puno acid, having, doubtless, been previously 
oxidised as m Reaction 1 (M Nencki, J pr 
126 , 288 ) 

^Besides the denvatives desenbed below, see 
also Ajizxk>>acetophenonb, Bbomo acetophenone 
BEOirO-NintO-ACETOPHBNONB, Ioi>4>-ACBTOPHENONE, 
1>I METHYL -AJaDO-AOBTOPlIBNONE, NlTBO-ACBTO- 

PHSNONE, TuiO'Acxtopbenonb, Acetophen OXIM 


; ACETOPHEKOl^E - ACETO - ACETIC ACID 

I C, te CH, CO CHiCOjH) CnC(^CM$ 

I Acetophenone‘aceione-carboxylicactd[l80°-^140°j 
Small colourless crystals Obtained by saponifica- 
tion of the ether which is prepared by the action 
of w biomo acetophenone on sodio aceto acretic 
ether It is very unstable On warming with 
absolute alcohol it evolves COg and yields aceto- 
phenone acetone CH, CO CB^CH, CO C^H, 
(Paal, B 16, 2865) Acetophenone aceto>acefcio 
ether is reduced by sodium amalgam to a oily 
lactone, CH, CH CH^ CH(CHMeOH) CO 0, soL 


aqueous KOH or Ba(OH )2 but msol aqueous 
K^CO, (Weltner, B 17, 69) Amines convert ace 
tophenone aceto acetic ether into derivatives of 
pyrrol (Paal a Schneider, B 19, 8156) 

Behydro - acetophenone - aceto - acetio acid 
Cj^HjyO, [114°] From acetophenone a( eto acetio 
ether C,H, CO CH2.CH(C02Et) CO CH, by heat 
mg with alcoholic KOH Large crystals (Uom 
benzene mixed with benzoline) From'^ dilute 
alcohol it separates m hydrated needles [115°- 
120°J By boiling with HCl it is converted into 
phenyl methyl furfurane carboxyhc aoid 
HC-C(C02H) 

Ph(^^0-^Me 

Salts — KA' Long silky needles (from al- 
cohol) -NH^A' 

Oxim C, HjjN^O, [172°] , glistenmg white 
plates , spaiingly soluble in water, easily m 
alcohol, ether, benzene, aqueous acids, and alkalis. 

Phenyl hydrazxde CigHj^jN^O^ small needles 
(Paal, B 17, 916, 2761) 

ACETOPHENONE. ACETONE to, 

CH^ CO CH^ CH^ CO C„Hi (acetyl benzoyl ethane 
or ethylene methyl phenyl di ketone) Prepared 
by heating acetophenone aceto acetic acid (q v ) 
with absolute alcohol Yellowish heavy oil SL 
sol water, quite msol alkalis Cannot be dia 
tilled (Paal, B 16, 2868) 

Reactions ~1 PgO^ removes H^ forming 


phenyl methyl furfurane, 


CH-CH 

II II 

MeC 0 CPh 


2 Heated with P 2 Sl^ it gives, similarly, phenyl 


methyl thiophene. 


CH-CH 
MeC S CPh 


8 Heated with alcohohc NH, it gives, sum 


larly, phenyl methyl pyrrol, 


CH-CH 
MeF^NH Cih 


(Paal, B 18, 867) 

Oxtw CjiHiaNO,. [123°] Formed by action 
of hydroxylaimne Long white needles, soluble 
m acids or alkalis 

Phenyl hydrazxde C^H^NgO [c 105°] 
White prisms, got by adding phenyl hv dra/inq 
slowly to asolution of the ketone m ether (3 vc4s ) 
V sol ether or benzene, neaily insoluble m light 
petroleum (Paal, B 17, 2763) 

CjyHigNj [166°] Formea by mixing the ke- 
tone with phenyl-hydrazine (cf Knorr,B 18,305). 

Dehydro-aoetophenone-acetone G,,H„,0« 
[88°] This body is formed together with the 
isomeno phenyl methyl ruRFURANB by the action 
of Ac^O and other dehydrating agents upon ace- 
tophenone acetone Cannot be distilled, oren 
with steam It combines with bromine, and 
givea with phenyl hydraftinc the same oompound« 



ACETOPHENONE CARBOXYLIC ACIOa ^ 


0, n,^N, tbat the acetophenone acetone 

Itself ^ ves Hence it&. bonstitntion most be some- 
thing like CH, CO CH^C»C 

ACETOPHENOKE ALCOHOL C,HaO, 

CO CHpH V Benzoyl ciJEUsiNOL. An iso- 
meno body C^H4(0H) CO CH„ la desonbed as 

OXY ACETOPHENONE 

ACETOPHEHONE-AITILIDS v Phenyl- 


AMmO ACETOPHENONE 

ACETOPHENONE-BEKZH C^H.^O, [102°] 
Acetophenone and powdered benzil in equiva 
lent proportions are shaken with an excess of 
cone KOH (SGI 27) After a few days a 
solid cake is formed, which is washed with water 
and then treated with ether This leavee dehydro 
acetophenone benzil undissolved, and on evapo 
ration deposits oblique prisms of acetophenone- 
benzil, which should be recrystaUised from 
alcohol It IS V sol ether or hot alcohol, si sol 
c ’d alcohol Above its melting point it gives 
off acetophenone Its constitution is probably 
Ph CO CPh(OlI) CH, COJPh (Japp a Miller, C 
J 47, 34) 

Dehydro-acetophenone benzil [129°] 

Formation — See above 
Preparation — Equivalent quantities of aceto 
phenone are shaken with excess of cone KOH 
(S G 1 27) and kept liquid for some hours by the 
epplication of sufficient heat The product is 
treated as described above, but ether extracts 
hardly anything The residue insoluble m ether 
18 crystallised from alcohol ( J a M ) 

C, ,H„02 + CgHjO = C,^„02 + H 0 
Properties —Tufts of flat needles (from alco 
hoi) V si soL ether or cold alcohol, v sol 
boiling alcohol 

Reactions — Bromine added to its solution m 
chloioform unites forming large reddish crys- 
tals which are apparently the tetrabromide 
C^,H„0,Br^ [110°-116°J Becomes dark at 70°, 
and pale again at 80° The bromine is given off 
m a few weeks over lime 

Constitution — Behydro acetophenone benzil 
differs from dehydro acetone benzil not only in 
forming a bromide but also in having a very 
much lower melting point than would be expected 
if they were of analogous structure Japp a 
Miller assign to dehydro acetone benzil the for 

mula Ph CO CPh<[^^|^p>CO, and the unsatu 

rated formula Ph CO CPh CH CO Ph to dehydro 
acetop’^enone benzil The latter formula can, 
however, aocoAit only for a di- and not for a 
tetra bromide (C J 47, 37) 

ACETOPHENONE CABBOXYLIC ACIDS 
Acetophenone w Carboxylic Acid C,H,0, 
C^Hj CO CHa.CO,H V Benzoyl acetic acid 
Acetophenone o-Carbozylio Acid [1 2] 
C9iH C^4 CO CH,. 0 Aceti/l benzoic acxd 
[115°] 

Formation , — 1 Together with CO„ from 
acetophenone di carboxylic acid by heating, long 
boihng with water, or by potash fusion —2 By 
lieating phthalyl acetic acid with water at 200° 
yG -CH CO^ 


CO^HO^H, CO CH, + CO, 
(Gabriel a. Michael, B 10, 1554) — 8 From 
methylene phthalide 1^ warmmg with aqueous 
HOH (GabneU B 17, &2i} . 


.0-CH, 

0.H4< \ +H,0« 

^COO 


COfH.O^H4 CH^ 


Properties —Broad crystals, with sweet taste. 
Reactions — 1 Bromine and glacial acetic 
acid at 100° convert it into bromo-methyleno 
. CHBr 

phthahde C^4< 


< 0-CE 

cJ-o 


2 Cone H2SO4 forms, m the cold, two bodies, 
C,«H„0, [216°] and C,»H„0, [0 134°] The 
latter body is a jnonobasic acid, diaoetophe 
none carboxylic acid, and sphts np into 
CO land the former body when it is heated above 
Its melting point (W Koser, B 17,2620, Gabriel, 
B 17,2665) — 3 ^cohohoNH, for fourteen hours 
at 100° forms a base, CigHj^NsOj [204°-210°] 
It crystallises in long needles, insol water or 
alcohol and gives a nitroso derivative [246°] 
(Gabriel, B 18, 1258) —4 Ac O and NaOAcform 
Ac CH, CO Ac [71°] , needles, msol alkalis 
(Gabriel, B 14, 921) 

Phenyl hydraztde 

CO^ CgH, CMefNjHPh) 

[102°] Small prisms or large tables, ▼ e. eoL 
alcohol (Eoser, B 18, 804) 

Oxim- The anhydride of this body, 

^ ^ .CMe N 

[159°] IS formed by the action of hydroxylammo 
(base) on acetophenone 0 carboxylic ether, or of 
hydroxy lammehjdrochlonde upon acetophenone 
di carboxylic ether It is also got, together with 
CO2, when the oxim of acetophenone di car 
boxylic acid is heated It crystallises m colour 
less needles (Gabriel, B 16, 1993) 

Acetophenone p Carboxylic Acid CgHgO, 
[1 4] CO,H C^H, CO CH, [200°] Formed, to 
gether with terephthalic acid, by warming exo 
oxy isopropyl benzoic acid Me^C{OH) CO^H 
with chromic mixture (E Meyer, B 12, 1071 
A 219, 259) The process is similar to thai 
by which tri methyl carbinol is converted into 
acetone Needles (from water) May be sublimed 
V si soL cold water, sL sol hot water, alcohol 
or ether 

Salts — BaA'j^aq — CuA/aq — PbA'jlJaq — 
AgA' 

Methyl ether — MeA', [92°] Small needles 
Acetophenone 0 o» di-carbozylio acid 
C,„HgO,aq i.c CO^ CgH^ CO CH^CO^H aq 
Benzoyl acet-cai boxylic acid [90°] Formed 
by dissolving phthalyl acetic acid fg v ) m cold 
aqueous NaOH and ppg by HCl (Gabriel a. 
Michael, B 10, 1553) It behaves, therefore, 
as if phthalyl acetic acid were its anhydride 
Broad needles (from water) On meltmg, it splits 
up into H O, COg and acetophenone o carboxylic 
acid (g V ) 

Salt AgA' granular pp 
Phenyl hydrazine, in alcoholic solution 
in presence of HOAc, forms the anhydnde of the 
O— CH^COAt 

phenyl-hydrazide 

It 18 soluble in NaOHAq and is reppd by i^GL 
[160°] giving off CO,. It forms salts, e g , 
(C,Jbl„N,0,).Ca8aq (W Boser, B 18, 803) 
Hydroxylamtm forms, in Like mEimer, not 
the ox%m but its anhydride , 
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ACETOPHENONE CARBOXYLIC ACim 


< 0 — CHaCO^ 

COO^ 

[c 150®] This 18 a mono basic acid, and splits 
Dp, when heated, into CO^ and the anhydride of 
the oxim of acetophenone o carboxyhc acid 
{above) 

ACETOPHENONE CHIOBIDE v m Chlobo 

ETHYL BEN7ENE 

ACETOPHENONE CYANHYDRIN C.H^NO, 

% e Ph C(OH)(CN) Me o oxy a phenyl projno 
nitrile, a oxy hydro atropo mtinle Formed by 
mixing acetophenone with KCN, and adding 
luming HCl (bpiegel, B 14, 235) A brown oil 
Reactions — 1 KOHAq gives atrolactio acid, 
ph CMe(OH) CO,H — 2 HCl at 130® gives 
chloro hydro atropio acid Ph CH(CH^Cl) COJl 
(Spiegel, B 14, 1332) — 3 Ammonia forma 
Ph C(NH,)(CN) Me (Tiemann a Kohler, B 
14, 1080) 

ACETOPHENONE-DI-METHYL-ANILINE 

DI MiTHYL AMILO BrN7YL PHENYL KETONE 

ACETOPHENONE DI - METHYL - HYDRA 

2IDEC,„H„N„ ic PhCMe N,Me (165°) at 100 
mm lormed from acetophenone and di methyl 
h^diazine at 100° (Kiesenegger, B 16, 663) 

ACETOPHENONE NITRANILIDE v Nitro 

PHENYL AMIDO ACETOPHENONE 

ACETOPHENONE PHENYL-HYDR AZIDE 

le CPhMe N,PhH [105°] Formed b> 
shaking acetophenone suspended in water with 
a solution of phenyl hydrazine hydrochloride, 
and sodium acetate (Fischer, B 17, 576) Also 
by allowing a cone alcoholic solution of phenyl 
hydrazine and acetophenone to stand for a day 
(Riesenegger, B 16, 661), or by heating the 
oxim with phenyl hydrazine (Just, B 19, 1206) 
Slender white needles or plates V sol ether, 
b 1 sol water or cold alcohol 

ACETOPHENONE.(0)-PINACOLINEC,«H,.O 
te Ph,CMe CO CH, (?) [41°] (310° uncoir ) 

Piepared by the action of zinc and HCl on an 
alcoholic solution of acetophenone lihombic 
prisms or short pillars Soluble in C^Ha, ether, 
acetic acid, hot alcohol, &c By heating with 
soda lime it gives HO Ac and di phenyl methyl 
methane, Ph^CH CH, On reduction with HI 
and P, it gives a hydrocarbon C,aH,p [128°j 
which IS apparently identical with the hydrocar 
bon formed by the action of Na on bromo ethyl 
benzene PhCHMe CHMePh CrOg oxidises it 
to di phenyl propionic acid, CH^CPh^CO^H 
An isomeric acetophenone-pinacoline [70°] 
(c 343 1 V ) is formed when acetophenone is 
heated with HI and P at 140° (Graebe, B 7, 
1625) It forms plates or tables (from alcohol) 
It IS not attacked by AcCl , HI reduces it to the 
hydrocarbon C„H„ (Thorner a Zincke, H 11 
1988 , 13, 642) 

AC£TOPH£NON£>PINACON£ 


[ 120 ®] 


C,ja„0, ue. 


C.H.-C(OH)-CH, 

C.H,-i!(OH)-CE, 


Prepared by the action of sodium 


amalgam on a solution of acetophenone m 


dilute alcohol Needles or prisms V sol 
alcohol or ether« insol water It is split up on 
heating mto acetophenone and phenyl methyl 
carbinol Aqueous acids at 150® convert it into 


acetophenone (3)-pmacohne, Ph^CMe CO CH, 
(Thorner a Zinoke, B 13, ^1) 


ACETOPHEN OXIMO,H,NO,tsJ»hCMe NOH 

[59°] Phenyl methyl k toxim Formed by 
mixing alcoholic solutions of acetophenone and 
hydroxylamine , after 24 hours, the alcohol is 
distilled off, and the product crystallised from 
water It foims colourless silky needles Vola 
tile with steam , soluble in not water, alcohol, 
ether, benzene, chloroform, or benzolme Soluble 
m acids and in alkalis 

ACETO PROPIONIC ACID v Aobtyi-pro 

PIONIC ACID 

ACETO-SIN APIC ACID v Sinapio acid 
ACETO-SUCCINIC ACID v Acetyl succinic 

ACID 

ACETQ THIENONE v Thienyl uethyd 

RETONE 

ACETO-THIO-TOLUIDIDE v Thio acetyl 

TOLUIDINE 

ACETO-VALERIC ACID v Acetyl valeric 

ACID 

ACETOXIM C,H,NO, le Me,C NOH Bi 
methyl kctoxim, acetone hydroxy lamide r60°] 
(13 d° 1 V ) at 730 mm Prepared by leaving an 
aqueous solution of acetone mixed with 
hydroxylamine hydrochloride, neutralised with 
NaOH, to stand for 24 hours, and extracting 
with ether (V Moj^er a Janny, B 15, 1324) 
Properties — Colourless prisms , extremely 
volatile and smelling like chloral Very soluble 
in water, alcohol, ether, or benzolme Neutral 
to litmus Lther extracts it from a neutial, but 
not from an acid or alkaline, solution It is 
readih decomposed by boiling acids (even acetic) 
into aeetone and hydioxylamine Acid reducing 
a^* ots have a like effect, but zmo dust and 
NaOH does not affect it 

B HCl white powder [c 100°], very un 
stable, formed by passing HCl gas into a dry 
ethereal solution of acetoxim — CjH NONaOEt, 
crystalline scales, got by adding NaOEt to an 
ethereal solution 

Benzoi/l derivative Me^C N(OBz), [42°], 
small colourless tables, very soluble in alcohol 
and ether, slightly m water , formed by the 
action of benzoyl chloride on acetoxim 

Benzyl ether Me,C N(OC 7 H,), (c 190°), 
oily fluid, soluble in alcohol and ether, insoluble 
in water , formed by the action of benzyl 
chloride and sodium ethylate on acetoxim , on 
warming with aqueous HCl, it is split up intc 
benzyl hydroxylamine (HjN OC^H ) and acetone 
(Janny, B 16, 170) 

ACETOXIMIC ACID t e 

CH, C(NOH) CH(NOH) Nitioso acetoxim, Di 
nitroso propane [153°] Foimation — ( 1 ) By the 
action of hydroxylamine on u di chlor acetone 
(CH, CO CHCl^) — ( 2 ) By the action of hydroxy 
lamine on nitroso acetone (CH, CO CH(NOH) ) 
(Meyer a Janny, B 15, 1165) Small prisms 
Soluble in alcohol, ether and hot water Its 
alkaline solutions are colourless * 

ACETOXYL Kolbe’s name for aoeiil,. 
Now used to denote C^HjOjj. 

ACET-TOLUIDE V Acetyl toluidinb 
ACET TOLYL-IMID TOLYL-AMIDEv Tolyl 

AOBTAMIDINE 

ACETTTRIC ACID C,H,NO, 
CH,(NHAc) CO,H {acetyl glycocoll, acetyl 
glycine, OT acetamido-acettc acta) [206®]. 8 (at 
16°; 2 7 

Formation 1 By heating glycoouU with 



ACETYL-BUTYL ALCOHOL 


m 


Ac^O 8 heating glvcocoll silver with acetyl 
onlorjde (Kraut a HOTtmann, A 13S, 9<)) 

Long colourless crystals, readily soluble in 
hot water and in alcohol, insoluble in ether, 
chloroform and benzene 

Reactions — Gi^s a red coloration w ith Fe^Clg 
Readily saponified by boilwig with acids or alkalis 
Salts — A'NH^ aq soluble needles or laige 
tables — A'Ag soluble plates — A' Ba5aq easily 
soluble needles — A'^Cu4(aq blue tiimetuc 
prisms, easily soluble in water and in alcohol — 
A'HHCi* needles, decomposed by water 

Methyl ether — A Me, [59°] , (2 ’)4°) at 7 12 mm , 
long colourless tables, easily soluble m water, 
alco%)l, and benzene, sparingly in etlier 

Ethijl ether— k'Et, [48°], (260°) at 712 mm , 
timietric plates 

Auiide CH,(NHAc) CO NH —[137°], large 
colourless tables, soluble in water and alcohol, 
i^:ioluble in ether (Curtius B 17, ICbd) 
A^LTTJRElDE v Acetyl UnrA 
ACET-XYLIDE v Acetyl X\lidine 
ACEIYL C H,0, CO CH , COMe oi Ac The 
radicle of acetic acid, &c The name was 

formerly applied to the ladicle C H, The prefix 
acet often indicates the radicle CH< C as in acet 
amidine , sometimes it is merely a conti action for 
acet;yl, as in acet xylide The acetyl deri\atives 
oDtairied by displacing H in OH or in NH or 
in NH are described under the compounds fiom 
which they are derived by this displacement 
DI-ACETYL C,H02 %e CH, CO CO CH, 
The oxim, CH, C{NOH) C(NOH) CH3, of this 
hypothetical body, called also di methyl qlyoxtm 
or methyl ethyl acetoximic acid, is formed by 
adding hydioxylamme hydrochloride to an 
aqueous solution of methyl oximido ethyl ke 
tone, CH3 CO C(NOH) CH, Ghttering needles 
(Schiamm, B 16, 180) 

DI-ACETYL-ACETONE DI-CARBOXYLIC 

ACID V Aceto acetic ether, Reaction 32 

ACETYL-ACETOPHENONE v Benzoyl ace- 
tone 

ACETYL-ACRYLIC ACID v Tetric acid 
Dl-a, -a, -ACETYL-ADIPIC ACiD C,oH,^0,ie 
CO,H CHAc CH, CH, CHAc CO,H 

Di ethyl ether — Et,A" Formed as a by- 
product (20 p c ) of the action of ethylene bromide 
upon sodio aceto acetic ether, and found in the 
residue after distilling with steam It is a thick 
colourless oil , its alcohohe solution gives a daik 
reddi h viole^coloration with Fe,Cla 

Reactions — 1 It gives a tolerably stable di 
Bodio derivative which, on treatment with iodine^ 
yields the di ethylio ether of di acetyl tetra 
eiethylene di-carboxylio acid, 
CH,CAcCO,H , ^ , 

(I , an acid which crystallises (with 

CH,CAoCO,H ' 

2aq) in pearly scales [210°] — 2 By cone NH, 
di acetyl adipic ether is converted into the ketone 
miide, Ci^Hi^NaO^ [177°] — 3 Plienyl hydrazine 
forms the phenyl hydrazide [145°], which readily 
splits off alcohol giving ethylene di-methyl di 
oxy-di-qumizine, 

^,HOMe MeCHN 
‘ ‘SjO CHCH,CH,CHCCr ‘ ‘ 

4 By dishllaiumt or on solution in cono 
it loses H,0, givihg ar^ ether which pro- 

bably has the oohstitntioB 


ppr^OMe CH(C02Et) 

CH(CO,Et) CH,/ 

The corresponding acid, [189°], forms a phenyl- 
hydrazide, C,„H„0,(N,PhH) [192°] (Perkin a 
Obrembsky, B 19, 2051) 

ACETYL- AMIDO COUPODNDfl v Amido 

COMPOUNDS 

ACETYL BENZOIC ACID v Acetophenonb 

carboxylic acid 

ACETYL BENZOYL ETHANE v Acetophb- 

NONE ACETONE 

ACETYL BENZOYL ETHANE CARBOXYLIO 
ACID V Acetophenone aceto acetic acid 
ACETYL-BENZYL SUCCINIC ETHER 

C„H ,0,1 e CO,Et CAc(CH,Ph) CH, CO,Et(310°) 
b G ^ 1 088 Prepared by the action of benzyl 
chloiide on a mixture of sodium ethylate and 
acetyl succinic ether (Conrad, B 11, 1058) 

ACETYL BROMIDE C,H,OBr t e CH, CO Br 
Acetic bromide (81°) hormed by treating 
acetic acid with PBrj (Ritter, A 95, .^09) Pre- 
pared bv gradually adding 240 g bromine to a 
mixture of 90 g glacial acetic acid and 38 g 
amorphous phosphorus, and distilling when the 
action 18 complete (Gal, A 129, 537) Hanriot 
{A Ch [5] 17, 88) uses 1 pt phosphorus, 
15 acetic acid and 40 bromine Colourless 
fuming liquid Heated with bromine at 100° in 
a scaled tube, it yields bromacetyl bromide 
C H BrO Br, together with more highly bromi 
nated compounds, which may be separated by 
fi actional distillation (Gal) On the action of 
bromine on C,HsOBr, see alsoUrech {B 13, 1720, 
J 1880, 386) H W 

ACETYL-BUTANE-PHOSPHONIC ACID 
i V di Acetone phosphinic acid 

ACETYL-BUTYL ALCOHOL C.H„0, 

Di acetonic alcohol CH, CO CH, CMe, OH. 
(164°) S G 2^ 981 

Preparation — Acid oxalate of di acetona 
mine (1 pt ) is dissolved m water (3 pts ) and 
cooled to 5°, when it deposits some of the salt , 
solid KNO, (2 pts ) IS slowly added, and the mix 
ture kept cool for some days and then heated to 
50° or 00° , the oily layer (mesityl oxide) is re 
moved partly by distillation, paitly by a tap 
funnel , and the aqueous solution, neutralised 
with K,CO„ 18 shaken with ether (Heintz, A 
169, 114 , 178, 342) 

Properties — Syrup^ miscible with water, al 
cohol or ether, gives off hydrogen when treated 
with Na 

•y-Acetyl-n-butyl Alcohol C^H^O, t e 
CH, CO CH, CH, CH, CBL OH Methyl 5 oxy n 
butyl ketone (155°) at 718 mm S G 1 0118 
Formation — 1 From bromo propyl aceto 
acetic ether (50 g ) by boiling for an hour with 
water (50 g ) and HCi (20 g of S G 1 18) (Lipp, 
B 18,8280) —2 From so called tetra methylene 
methyl ketone carboxylic acid by boiling with 
water (Perkin, jun , B 19, 2557) 

Properties — Liquid with camphor like smelly 
V sol water, alcohol, and ether , scarcely volatile 
with steam It does not reduce Fehhng’s solu 
tion or ammoniacal AgNO, Chromic mixtuie 
oxidises it to 8 acetyl n butync acid 
amalgam reduces it to di-oxy hexane 

^n\ydr%deC,B.„Ot^ 

Oil Formed by distilling the alcohol or the 
following aoid. 
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Tetra-mdlAylent methyl ketone oarboxyllo 
•cid, C,H,oO„ appears to be a carboxylic acid 
formed from the anhydride of acetyl butyl 

alcohol: 

Its ethyl ether C„H,.0„ (223°), M M 10 195, is 
formed by the action of tnmethylene bromide on 
aoeto<acetio ether (v p 24) 

ACETyL-BUTYL BEOMIDE C,H„BrO te 
CH, CO CBL^CH CH, CH Br (216°) at 718 mm 
Prom the preceding acid, C;H,oOj, or from acetj 1 
butyl alcohol by the action of HBr Also formed 
by lieating bromo propyl aceto acetic ether with 
dilute acids It is a colourless oil, v sol alcohol 
or ether, v si sol water , boiling water con\6rt9 
It into the alcohol (Lipp, B 18, 3281 , Perkin, 
B 19,2557) 

ACETYL-BXTTYRIC ACIDS C H,„0, 
a-Acetyl-n-butyric acid CHj, CH^ CHAc CO 

V Ethyl aceto acetic acid under Ackto aceticacid 

B-Acetyl-n-butyricacidCH,, CHAc CH CO id 
[c -12°] (242°) Formed, together with its ether, 
by boiling a acetyl a methyl succinic ether, 
COEtCMeAcCH,CO,Et, with HCi (Bischolf, 
A 206,331) 

Very h}gioscopic liquid V sol water, alco 
hoi, or ether Oudises in air Hot dilute 
HNO,, forms pyrotartaric acid 

Salts — ZnA' (at 100°) nodules (from 
alcohol) The salts of the alkalis and alkaline 
earths are syrupy, the lead salt may be got as a 
vitreous mass 

Ether — EtA' (204°-205°) Oil 

7 - Acetyl n-butync acidCH Ac CH^ CH^ CO H 
[13°] (c 275° 1 V ) From sodium aceto acetic 
ether and $ lodopropionic ether (Fittig a Wolff, 
A 21G, 127) Thick liquid V sol water, alco 
hoi, or ether Solutions are acid and decorn 
poseNa CO, Forms a crystalline compound with 
water, CH, C(OH), CH, CH^ CH^^CO^t [35°~30°J 
which forms monoclmic prisms, 

a 6 c- 769 1 885 B=»75°20' 

Over H SO, it loses H,0, becoming liquid 

Salts — Ca(04H,0j2aq — Pb(CA^»)2fl'd — 
ZnA!^ — AgA' 

Reactions — Sodium amalgam reduces it to 

8 OxY HEXOIC ACID (q V ) 

a Acetyl-iso butyno acid (CH;j) 2 CAo C0,H 

V dt methyl aceto-acetic acid under Acbto acstio 

ACID 

jB Acetyl-iic-bntyrio amd CHAc CMeH CO,H 
(248°) Formed, together with its ether and 
CO,, by boiling a acetyl /3 methyl succinic ether, 
COjEtCHAcCHMeCOAt, with HCI (Bischoff, 
A 20G, 319) It is a liquid V sol water, alco 
hoi, or ether Turns brown in air Dilute HNO, 
forms pyrotartaric acid The salts are amor 
phous. The silver salt deposits silver on warm- 
ing its solution. 

Ether -EtA' (206°-208°) Oil 
ACETYL-TEI-CAKBALLYLIC ETHER 
Ci^HfjOy, 1.6 CO^i ^H2 .CAc(C 0 JEt) CH2.C02Et 
From chloro acetic ether and sodium acetyl suo- 
cimc ether, CO^lt CH,.CAcNa CO^^t (Miehle, 
A 190, 328) It boils with much decomposition 
at28p°-300^ Boiling baryta water or cono alco 
boho' KOH split it up completely into alcohol, 
acetic, and tn-carballylic, acids. 

ACETTL-CABBIKOL 0,H«0, 

€H, CO CH,OSL Byrw/yl alcohol, Oxy-aceUme, 
Accioii, 


Formation, —Cono H^SO, dissolve8#A*ohluro- 
allyl alcohol, CH, CClCK,OH, giving offrHCf? 
the solution is ^uted and distili^ (Henry, 
Bl 39, 626) 

Ethyl ether — CH, CO CH„OEt, (las'*). 
S G J-* 92 Formed by heatmg piopargyl ethtr, 
CH C CH,OEt, with water and HgBr, (Henry, 
C B 93, 421) Colourless liquid with j^uliar 
odour and burning taste 

Acetyl derivative C,H 50 (OAo) Colourless 
fluid (172°) S G 1 053 Soluble ih water Pre 
pared by heating potassium acetate with chlor 
acetone Also from propargyl acetate, water, 
and HgBr,. The alcohol has not been got by 
its saponihcation Readily reduces ammo]^acdl 
silver nitrate or Fehling’s solution, the chiefs 
product of the oxidation being lactic acid 

Di^moyl demvative CjH^O(OBz) Long 
needles [24°] Soluble in hot water, easily in 
alcohol and ether Prepared by heating pote’' 
Slum benzoate with chloracetone (Brei'jf a. 
Zincke, B 13, 637 ) 

ACETYL CHLORIDE C^H.O Cl, le Ac CL 

Acetic chloride M w 78 5 (50 9° cor ) (Thorpe, 

C J S7, 188) , (51°-52°) at 720 mm (Bruhl, 
A 203, 14) S G 9 1 1377 (T ) , 1 1051 

C E (0°-10°) 001391, (0°-50°) 001504 
S V 74 05 (T ) I 3954 26 82 (B ) 

H F p 63,300 (Berthelot) 

Formation — 1 From POCl, and potassic ace 
tate SlvOAc POClg = K,PO, -I- 3AcCl (Gerhardt, 
A Ch [3] 37, 294) — 2 Contained in the more 
\oIatile poitions of the product of the action of 
chloune on aldehyde (Wuitz, A Ch [3J 49, 58) 

3 By distilling giocial acetic acid with PCi*. 
HO Ac -K PCI* = AcCl -1 CIH + POCl, (Ritter, A 
9o, 209) 

Preparation — By distilling glacial acetic acid 
(Olg ) with phosphorus trichloride (93g ) (B6 
champ, J 1856, 427) The reaction is as 
follows (Thorpe, C J 37, 186) 

3HOAC + 2PC1, = SAcCl + 3HC1 -f P,0, 

If more HOAc be used Ac,0 is also formed. 
The action of PCI, is therefore precisely like 
that of PClj, amounting to a displacement of O 
by Cl , the molecule HCLAc, which might be 
expected to be formed, cannot hold together on 
account of the monovalent character of chlorme, 
and so splits up at once into HCI and CAo, 
Under precisely similar conditions, alcohol, 
HOEt, gives HCI and ClEt 

Properties — Colourless, fuming, mobilf, and 
strongly refracting, liquid Its v^^our strongly 
attacks the eyes and respiratory organs 

Beactionx — 1 Violently acted on by water^ 
with formation of HCI and acetic acid — 
With ammonia it yields acetamide AcCl + NH, *• 
HCl + AcNH^and with aniline m like manner, 
acetamlide, AcNHPh — 8 Distilled with pota{ 
Slum acetate or benzoate^ it forms acetic or 
aceto benzoic oxide KOAc + AcCl » KCl + Ac 0 , 
and KOBz + AcCl = KCl + AcOBz Similarly with 
salts of other acids — 4 With potassium hydro 
sulphide It yields acetic hydrosulphide or thio- 
acetio acid, and with potassium monosulphide it 
forms acetic sulphide or thioacetio anhydride, 
AeOl-i^KSH-ECi'i^AcSH, and 2AoCi-fK,S>- 
2KC1 -f Ac^B (Jaoquemm a Yosselmann, C R 
49, 871) — 5 With potassium nitrite it gives oft 
nitrosyl chlonde, and towards the end of the re 
action and on heatup the rciidiM to 150^, 
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Acetio anbjdride distils over aoCI^KNOs» 
NOOl.^-TOAo, and -AcCl + KOAc - KCl + Ac,0 
(Armstrong, C J 26, 683) — 6 Stiver nitrate 
acta 2AcCl + AgNO, - AgCl + NO, + CU Ac O 
Similarly with other nitrates Hg(NO,)„ 
Pb(^0,)j, and KNO, are attacked immediately, 
Ba(NO,)j 18 not affeftted , Ca(N08)a readily With 
KNO,, chlorine la first evolved, NO, only towards 
the end (Armstrong) — 7 With aiLccinic acid it 
yields acetic acid and succinic anhydride, 
C,I?:,(COOH)a + CH, CO Cl = 

HCl + CH, COOH + C;H,(C0) 0 , 
and it reacts m like manner with other dibasic 
dihydric acids , viz , isodibromosuccimc, phtha 
he, dj||)honic, and camphonc acids , i^succmic, 
Ordinary dibromosuccinic, fumaric, and tere 
phthalic acids aro not attacked , sublimed an 
hydrous oxalic acid is resolved into H^O.CO, 
and CO^, benzoic acid yielas benzoic chloride 
ai'^’ acetic acid (Anschutz, B 10, 325, 1881) — 
8 titanic chloi ide, acetyl chloride forms the 

compound TiCl^AcCl (Bortrand, Bl [2] 33, 40 i) 
Large transparent octahedral crystals [25°-30°] 
sol in CS^ — 9 Aluminium chloride reacts ac 
cording to the equation Al^Cl^ + 4(CH, CO)Cl = 
4HC1 + 2(CH CO CH CO),Al Ci, (Wmogradoff, 
Bl [2] 34, 325) The product is a solid de 
composed by water into CO^ and acetone — 
10 PCl^ at 190° forms chloro acetyl chloride 
CH^Cl CO Cl (Samosadsky, Z 1870, 105), and tii 
chloro acetyl chloride, CCl,COCl (Hubner, A 
120, 330) — 11 Zinc pioduces a brown mass 
whence alcohol extracts ‘ acetyl ide,’ C,<,H,,,0^, 
which may be ppd by water Ked plates (from 
chloroform) Sol ether, alcohol, HClAq, fuming 
HNO„ or Ac,0 Combines with bionnne , does 
not reduce Fehling’s solution (Tommasi a 
Quesncville, C R 76, 490) — 12 Acts upon 
benzene^ in presence of A1C1„ with foimation 
of acetophenone (q v ) — 13 Acts similarly upon 
thiophene, or its mono haloid deiivatives, dis 
placing, in presence of AlCl,, H by Ac But 
m di bromo or di lodo thiophene it displaces, m 
presence of A1C1„ Br or I by Ac, e g 

C,H,SBr, + ClAo - C,H,SBr Ac + ClBr 

(Gattermann a. Romer, B 19, 688) H W 
Use in Organic Investigations — Acetyl chlo 
ride evolves HCl when it is heated with any sub 
stance containing the radicles hydroxyl, amido 
gen, or imidogen Hence, if a substance does 
not evolve HCl when so treated, it may be as 
Burned to be flfee from these radicles If the 
hydroxyl be alcoholic, % e attached to an atom 
of carbon that is not attached to any more oxy- 
gen, it will be converted into acetoxyl (AcO) , 
and, if the substance contains no nitrogen, the 
number of acetoxyls it contains after this treat- 
moj^t gives the number of alcoholic hydroxyls 
the body contains Before making the experi 
ment, all carboxyls should be etherihed, since the 
group CO^H is attacked by AcCl (v Reaction 7), 
while the group COJ£t is not attacked The 
number of acetyl groups that have entered may 
fn many oases be determined by boiling with 
Btandard alk^i and subsequent titration (^hiff) 
Acetyl chloride converts NH[, into NHAc, but 
hardly ever mto N Ac^ It converts NH into NAc. 
It has no action upon tertiary amines, hence it 
can be used in the diaraosis of baseB Acetyl 
ahlorule does not act vj^on hydrogen directly | 


united to carbon, except in presence of JUCl, or 
some similar agent 

ACETYL CYAHIDB C,H,ON or AcCN 

Pyruvo-nitrile M w 69 (93°) V D 2 4 

Preparation . — When acetyl chloride and sil 
ver cyanide are heated together m a sealed tube 
at 100°, and the product is distilled, a colourless 
liquid passes over at 80°-90°, and afterwards a 
compound having a much higher boiling point 
The first yields acetyl cyanide on rectification 

Properties — Oil, hghter than water, which 
gradually dissolves it, forming HCN and HOAc, 
converted by HCl first into CH, CO CONHj, and 
subsequently into pyruvic acid (Hubner, A 120, 
230 , 123, 271 , see also Fileti, G 6, 391 , / 
1875, 610) 

Di-aoetyl-di cyanide C^H^O^N, [69°] (210° 
cor ) V D 4 57 (for 4 77) Formed from acetyl 
cyanide by heating it with KOH, or even by 
keeping it for some time in a closed vessel 

Preparation — Powdered KCN (32 pts ) is 
boiled with acetic anhydride (50 pts ), diluted 
with benzene (200 pts ) yield is 25 p c of the 
theoietical (Kleeman, B 18, 256) Glistening 
tables, si sol hot water, v sol alcohol, ether, or 
benzene Di acetyl di cyanide, like acetyl cya- 
nide IS converted by boiling with water, H^SO„ 
or KOH, mto HCN and AcOH Heated with 
AgNO, it yields AgCN 

ACETYLENE CH, or CH,CH Ethine, 
Ethinene M w 26 Physical Properties o) 
liquid acetylene S G ~ 451 , 420 , 44 381 

CE (-7° to 30°) 00489 Vapour pressure 
16,310 mm at 0° , 24,900 mm at 13 5° Cnti 
cal Point 37° (G Ansdell, Pr 29, 209) Proper 
ties of gaseous acetylene V D 91 S 1 at 18° , 
S (CS, or isopentane) 1 , S (CCl, or turpentine 
oil) 2, S (amyl alcohol) 3^ , 8 (benzene) 4 , S 
(glacial acetic acid or abs alcohol) C (Berthelot, 
A Ch [4] 9,425) HFp -47,770 HH v 
-47 770 (Th ) ,-64,000 (Berthelot) 

Occurrence — In coal gas (Boettger, A 109, 
351) 

Formation — 1 Synthetically by passing 
hydiogen gas over charcoal heated to whiteness 
in the electric arc (Berthelot, C R 64, 640) , 
the hydrogen may be passed through holes 
drilled thiough the centre of carbon points 
discharging powerful sparks (Dewar, Pr 29, 
188) — 2 By exposing marsh gas or coal gas to 
a stiong heat, or to the spark of a powerful 
induction coil 2CH4 = CH2 + (Berthelot, 
C R 64, 516) Part of the C,H, is, however, 
polymerised during the process, being converted 
partly into benzene C^H,, partly into black tarry 
hydrocarbons (Berthelot, Bl [2] 11, 142) The 
vapours of many other organic compounds, as 
ethylene, alcohol, ether, acetone, amyl alcohol, 
and benzene, likewise yield acetylene when 
induction sparks are passed through them (De 
Wilde, Bl [2] 6, 267) — 3 By the incomplete 
combustion of hydrocarbons and other organic 
bodies- abundantly, for example, in a Bunsen 
lamp, when the flame strikes down and bums 
within the chimney — also m the incomplete 
oxidation of organic compounds at ordinary 
temperatures, as m the voltaic circuit, eg m 
the electrolysis of a solution of potassium aconi- 
tato or sneomate (Berthelot, Bl [2] 9, 103) — 
4 By the incomplete combustion cd mixtures of 
hydrogen and gaseous or vaporous oarbon-com 
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prmnda jiot containing hydrogen, e g CO, CS^, 
CN — 6 By passing a mixture of methane and 
carbon monoxide through a red hot tube 
CH^ + C0 = H,0 + C,H2— 6 Together with H, 
CH^, and free carbon, by passing the vapour of 
methyl chloride (Berthelot), or of ethylene 
chloride (De Wilde), or of pentane from Amen 
can petroleum (Vohl, Bl 4, 302), through a red 
hot tube — 7 Together with benzene, by pass 
mg styrene vapour through a red hot tube 
= +C«H„ (Berthelot, J 1806,544) — 

8 By passing chloroform vajiour over red hot 
copper 2CHCI3 + Cuh- 3Cu^Cl2 + (Berthe 
lot), or by treating chloroform with potassium 
amalgam (Kletzinshy, Z 1866, 127), or with 
sodium (Fittig, ibid ) — 9 From iodoform 
by the action of finely divided silver either 
alone or mixed with finely divided copper 
2CHI3 + 3Ag = 6AgI 4- Also by the action 

of finely divided zinc or of the zinc copper 
couple on iodoform in presence of water (P Gaze 
neuve, C R 97,1371, Bl [2141 150) - 10 By 
passing a mixture of CO and HCl over red hot 
magnesium silicide (Berthelot) — 11 By the 
action of alcoholic potash on bromethylene 
C.H^Br 4 KOH = KBr + H 0 + C,H (Sawitsch, C 
R 52, 157) —12 By the action of water on 
calcium carbide (produced by strongly heat 
ing an alloy of Zn and Ca with charcoal) 
CaC, + H,0 = CaO-C,H, (Wohler, A 124,220) 
13 Formed, together with succinic acid, b;y tlie 
electrolysis of sodium fumarate or maleate 
C,H,Na,04 + H,0 - C H + 2CO, + Na 0 + H, (ke 
kul6, J 1864, 389) — 14 By heating iscthi 
onic acid with potash C^H O SO,K + kOH =» 
C^Ho+KS 03 + 2H 0 —15 Formed in small quan 
tity by heating cupric acetate (1 pt ) with water 
(200 pts ) in a closed flask at 100° (Tommasi, 
Bl [2J 38, 257) 

Preparation — 1 Air is burned in a cylinder 
full of coal gas, and a poition of the products 
of combustion are sucked (by an air pump) first 
through a metallic condenser to cool them, and 
then through several bottles containing an am 
moniacal solution of cuprous chloride A red 
p , C^CUjaq, is formed , this is eollected, washed 
y decantation, and warmed with aqueous HCl, 
when it IS decomposed with evolution of acety 
lene gas C^Cu^H^O + 2HC1 = C^H2 + 2CuCl + H^O 
(Jungfleisch, C R 90,264. J Ph [6]1, 307) — 
2 Ethylene bromide is slowly dropped into a 
strong alcoholic solution of potash at boiling heat, 
and the evolved gas is passed through a second 
similar boiling solution to remove bromethj lene 
(Miasnikoff, -4 118,330, Sawitsch, A 119,184, 
Sabanejeff, A 178, 111) To remove the last 
traces of bromethylene, Zeisel {A 191, 372) 
recommends passing the gas over moderately 
heated soda lime The gas may also be purified, 
as in the first method, by passing it through an 
anunoniacal solution of cuprous chloride 

Properties — Colourless gas, having a dis 
agreeable odour According to Zeisel, when pie 
pared from the copper compound as described 
above, it is contaminated with vinyl chloride 
Acetylene is hquefied by a pressure of 83 atmo 
spneres at 18°, formmg a mobile, highly refrao 
tive hqmd, lighter than water Liquid acetylene 
dissolves paraffixiB and many fats (CaiUetet, C B 
65, 851) 

Bsacivms — 1 Decomposed by the 


' Bparlt with separation of carbon, and p^irtly eon* 
verted into a hquid ancr'v solid polyacetylene, 
the latter insoluble in the ordinary solvents — 
2 Slowly passed through a porcelain tube heated 
to blight ledness it is almost wholly resolved 
into C and H, together with small quantities 
of ethylene and of tar containing naphthalene 
Acetylene is also resolved into C and H by ex 
ploding a percussion cap in it (Berthelot, C R 
9S, 613) Heated to dull redness in a bent glass 
tube standing over mercury it is grtidually poly 
merised forming a very volatile liquid probably 
C,H„ benzene C,H„ styrene (135°-160°), a 
liquid mixture (210°-250°) of naphthalene C,oHa 
and prol^bly naphthalene hydride C,„H,o, a 
I mixtuie of strongly fluorescent oils distillftig a| 
1 2 >0°-340°, retene distilling at 360° (Berthelot, 
j C JR 62, 905) — 3 Mixed with excess of hy 
drogen over mercury, and in contact with plati- 
I num black, acetylene is converted into ethan§ 

C H2 + 2H2 = C^H, , by alkaline reducing an nts, 
into ethylene, C H^, c g by the action of zific and 
aqueous ammonia on its copper compound (Ber 
thelot) — 4 With oTidibing agents Converted by 
KMnO^ into oxalic acid, C H^O^, with formic and 
carbonic acids as secondary products (Berthelot, 
C R 74,3d) - 5 Slowly absorbed by an ammoma- 
cal cupric solution and for the most part oxidised, 
a carbonaceous substance being at the same time 
deposited, together with a small quantity of the 
compound C Cu H 0 (Berthelot, A Ch [4] 9, 
422) — 6 Passed vi lih pho’^gene, COCl , through a 
red hot tube, it is polymerised to benzene (Ber 
thelot Bl [2] 13, 9) — 7 With chlorine, either 
pine or mixed with other gases acetylene some 
times detonates, yielding HCl and free carbon 
Frequently, however, C H Cl^ is formed with ex 
plosion, or this compound 18 formed at first and 
then the mixture suddenly explodes (Berthelot* 
Bl [2j 5, 191)- 8 Acetylene passed into bro 
mine under water forms C^H^Br^ (v tetra Bromo 
rtiiane) and anon volatile solid, a polymende of 
C^HBr* —9 Acetylene passed over iodine mois 
tened with alcohol forms C^HJ^ (Sabanejeff, A 
178, 109, V di loDo ethylene) — 10 Acetylene 
passed into a solution of ICl m HCl foims 
C li ICl (Plimpton, C J 41, 392, t; Chlobo iodo 
ethylene) — 11 With nitrogen When a senes 
of strong induction sparks is passed through a 
mixture of acetylene and nitrogen, hydrocyanic 
acid IS formed, C H^ + Nj =• 2HCN Carbon and 
hydrogen are at the same time separated, but 
this may be prevented by diluting the gaseous 
mixture with 10 vol H (Berthelot, G R 77, 
1041) — 12 Passed with vapour of hydrocyanic 
acid through a red hot tube acetylene yields a 
small quantity of picoline C^H^N, and probably 
homologues tWeof (Ramsay, Ph M [5] 4, 241) 
13 Strongly neated with butylene and amyl^e* 
It forms CH{C,H,) and C2H(03H„) (Prumer,*A 
Ch [5], 17, 5) —14 Successive treatment with 
H2SO4 and water forms some stable sulphonic 
acid (Zeisel, A 191, 866) —16 Converted into 
aldehyde by an aqueous solution of mercuric bro 
mide, even in the cold (Kutscheroff, B 14, 1640) • 

CHsCH + H,0 « CH, OH OH - CH, CHO 

16 SbCl, absorbs acetylene forming C^H^SbCl. 
which, on heating, splits up into SbCl, ana 
C,H,01,. — 17 Cono HBrAq at 100° forms a little 
bromo ethylene (vinyl bifnuide) —18 Cone HlAq 
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ffjrms some iodo-ethylene and ethylidene iodide 
IIJ Passdd through J’^Shng sulphur^ it foime 
some thiophene (V Meyer, B lb, 2176) 

Metallic Derivatives —/So diww acety 
lene C^Na, is formed, with evolution of hydro 
gen* and small quantities of ethylene and ethane, 
when sodium is gefttly heated in acetylene At 
a dull red heat disodiiftn acetylene C^Na^ is 
foi med — Potassium decomposes acetylene in 
like manner, but with gi eater violence, when 
melted in the gas it takes hre and is converted 
into which is also foimed when K is heated 
to dull redness on ethylene gas All these com 
pounds are decomposed by water with explosive 
violence and reproduction of acetylene (Beitlie 
^Dt, M 139, 150) 

Calcium acetylene C Ca is formed by 
strongly heating an alloy of zinc and calcium 
with charcoal Decomposed by water into 
Ca(OH)^ and acetylene (Wohler, A 124, 220) 
'^opper acetylene C Cu H 0 It may be 
lookeu^upon as C Cu aq or as HC C Cu Cu OH, 
in the latter case it may be called cuproso vinyl 
hydi oxide Beithelot (A 138,315) considers it 
to be cuproso vinyl oxide (C HCu ) O It con 
stitutes the red piecipitate foimcd on passing 
acetylene or coal gas into an ammoniacal solu 
tion of cupious chloride In the diy state it e\ 
plodes when stiuck or when heated to 100^-120°, 
leaving a vehety black powder containing copper 
and charcoal 1 akes hi e in contact with chlorine, 
biomine, or finely divided iodine Its foimation 
affords a very delicate test for acet>lene, the pre 
sence of 0 005 mg of that compound being thus 
recognisable Ihc foimula above given for it is 
due to Blochmann ( 4 173, 174) According to 
Beithelot {Bl [2j 5, 191) when acetylene is passed 
into a cone solution of cuprous chloiide in KCl 
a yellow crystalline pp of cupioso tinyl chlondL 
C^HCu_^Cl IS formed, coi responding biomides and 
iodides being formed in a similar way 

Silver acetylene C Ag H 0, is formed 
on parsing acetylene into an ammoniacal solu 
tion of silver nitrate, as a white or yellowish 
precipitate which, whendiy, explodes even more 
easily than the copper compound The above 
foimula, due to Blochmann, is that of argento- 
viny 1 hydroxide, CH C Ag Ag OH , Berthelot 
on the other hand regaids the compound as the 
corresponding oxide (C HAg )0 The foimulie 
of Blochmann and Beithelot require 83 7 and 
86 7 p c Ag respectively, Miasnikoff (A 118, 
832) finds 88 p)C Ag in the pp , a result that 
has been confirmed by Plimpton, and agrees with 
the formula C^^2AgP Acetylene completely 
pps the silver even from a neutral solution of 
AgNOj, the pp contains variable quantities of 
AgNO, (Plimpton) The chloride CH C Ag Ag Cl, 
is prepared by passing acetylene into an ammo 
nifiroal solution of silver chloride (Berthelot) By 
agitating silver acetylene with a solution of 
iodine in ether, till the colour of the liquid 
disappears and then evapoiatmg, yellow offen 
81 ve smelling crystals are formed, the vapour of 
*w hich strongly attacka the eyes (Berend, A 135, 
257) , Baeyer (B 18, 2276) has shown ^at they 
are dr lodo acetylene C^gj + 2Ij = Cjlj + 2 Agl 
Oold and Mercury Compounds — ^In an am 
moniaoal solution of anrous thiosnlpbate, ace 
tylene lorms a yellow highly explosive precipi 
tate, and m an alkalirjs solution of potassio 


mercuno iodide a yellow pp C^HgI,H;Q* 
which explodes shghtly when heated and yields 
acetylene when treated with acids (Bassett, C N ^ 
19, 28) H W 

Theoretical considerations — The explosive 
character of acetylene is undoubtedly connected 
with the fact that its formation from C and H is 
attended with disappearance of heat (Beithelot) 
It has been suggested by Baeyer {B 18, 2277) 
that this disappearance of heat may be due to the 
production of a stiamed condition owing to the 
alteration in the direction of the atti action be- 
tween the two carbon atoms 

To represent his v lews in a mechanical model, 
he supposes four steel wires fixed to a ball and 
radiating fiom it in the direction of the angles 
of an inscribed tetrahedron Such a ball repre- 
sents a free atom of carbon , union of such 
atoms is represented by a wire of one ball being 
attached to, and in a straight line with, a wiie 
of another ball If two such balls be taken and 
three of the wires from one ball be fastened to 
three of the wires from another ball and then 
bent in such a way that all six wires are parallel, 
then the arrangement is in a strained condition, 
for the wires will readily fly apart, representing 
the explosion of acetylene The angle between 
two adjacent wires in one of the balls just de 
sciibed IS 109° 28 , which is very near the angle 
of a pentagon (108°) , hence if five balls be 
placed at the hngles of a pentagon, veiy little 
bending will be required to make a wire fiom 
each ball in a straight line with a wire from tho 
next The angles of a hexagon, of a squaie, and 
of an equilateral triangle, differ by 10f°, 19 
and 49 respectively fiom 109^° , these numbers 
j ought therefore to indicate the relative stability 
of rings containing 0, 4, and 3 c irbon atoms 
I As a matter of fact, closed iiiigs of carbon atoms 
j usually contain five or six atoms, while rings 
j containing three, four, or seven atoms are almost 
unknown 

Haloid derivatives of acetylene v Beomo-, 
CiiLoiio , and lono , acetylene, ethvlene, and 

ElIIANF 

DIACETYLENE HC C C CH Gas of pe- 
culiar smell resembling dipropargyl Formed 
by heating diacetylene di carboxylic acid with 
ammoniacal Cu^Cl solution With ammoniacal 
Cu Cl^ it gives a violet red pp , with ammoniacal 
AgNOj a very explosive yellow pp By the action 
of a solution of iodine upon the silver compound 
di lodo di acetylene is formed (Baeyer, B 18, 
2272 ) 

ACETYLENE DI-BEOMIDE v Di bromo- 

ETHYLENE 

ACETYLENE TETEA-BEOMIDE v Tetba 

BROMO ETHANE 

ACETYLENE DI-BEOMIDE DI-CAEBOXY^ 

Lie ACID V Dl BROMO FUMARIC ACID 

ACETYLENE BEOMO-IODIDE v Bbom>- 

lODO ETHYLENE 

ACETYLENE CAEBOXYLIC ACIDS 

CH cco;h 

Acetylene mono-oarboxyllc acid v Pbopiolio 

ACID * 

Acetylene-di-carboxylie acid 

c,HA co^Hcccoga 

Formed by treating di bromo- or iso-di bromo- 
Euccmic acid witli alcoholic EOH (4 mols ) at 



«4 


ACETYLENE CAJIBOXYLIC ACIDS 


100* (Bandrowski, B 10, 838) The yield is 75 
per cent, of the theoretical (Baeyer, B 18, 677) 
Separates from water in efiSorescent crystals, 
these contain aq , which they lose over H^S04, 
and then crystallise from ether in thick four- 
sided tables The hydrated acid is v e sol 
water, alcohol or ether, but the dry acid is less 
soluble The acid decomposes when melted 
Salts — Na2C^04 S^aq slender needles — 
KHC^O, small crystals, si sol water — 
ZnC^O^liaq — PbC404aq — CuC4043aq blue 
plates, 81 sol cold water (Bandrowski, B 12, 
2212) 

Reactions — 1 The acid and its acid salts 
are converted, by heating with water ^ into pro 
piohcacid C02 HCCC 0 H = C 02 HCCH + C0. 
— 2 Sodium amalgam reduces it to succinic 
acid — 3 Biomine combines forming di bromo 
f umaric acid — i HCl, HBr, or HI combine readily 
forming chloro , bromo , or lodo , fumaric acids 
Methyl ether MeA" (197®) Colourless 
hquid (Bandrowski, B 15, 2694) 

Acetylene tetra-carboxyhc acid, so called, v 

FiTHANE TETRA CARBOXYLIC ACID 

Bi-acetylene di-carboxylic acid CuH204aq 
t e CO^H C C C C CO^H aq Prepared by the 
action of a concentrated aqueous solution of 
potassio ferricyanide upon a cooled magma of 
the cuprous compound of sodium propiolate 
2CuC C CO^Na + 02 = 2CuO + (C C CO,Na)2 
Colourless needles or tables, v sol water, alcohol, 
or ether, v si sol benzene or benzoline Turns 
brown at 100° and explodes very violently at 
0 177° Explodes also on percussion Turned 
purple by light Gives a brownish red pp with 
ammoniacal cuprous chloride 

Reactions — 1 Sodium-amalgam reduces it to 
hydro muconic acid, 

CO2H CH CH CH2-CH2 CO2H, 
and adipio acid, CO^H CH, CIJ CH CH CO,H , 
some propionic is formed at the same time — 
2 Zinc dust and HCl also reduce it to adipic acid 
Ether — EtA'^ (184°) at 200 mm An oil 
Eeduced by zinc dust and HCl to ethyl pro- 
piolate (Baeyer, B 18, 678, 2269) 
Tetra-acetylene di-carbozylic acid 
CjoHA t e CO,H CCCCCCCC CO,H 

Pre^ration — An aqueous solution of the 
acid somum salt of di acetylene di carboxylic acid 
18 heated on the water bath Sodium di acety 
lene mono carboxylate, H C C C C COjNa, is then 
formed, with evolution of CO, , the cuprous com 
pound of this salt, CtuC C C C COjNa (?), is then 
prepared and this is oxidised by potassio fern 
cyanide 

*Cu0i00jC00^a+0,a2Cu0+(0*0C OOO.Na), 
(Baeyer, B 18, 2271) Tetra acetylene di car 
boxyho acid may be reduced to sebacic acid, 
CO,H CH^OH^CH^OH^CH^OHrOH^CH,.CO^ 
by sodium-amalgam 

lodo-aoetyUne carboxylie add %> lono pro 

WOU C ACID 

ACSTTUEJIX ])I*CHIiOiEtIl)S v Di chlobo- 

gTHT MWg 

ACETYLXBTB IXTKA-OHLORIDX v Tstba- 

CH& BO-gTHANB 

AOETTLEinB CHLORO-BBOIUDE y Chloro- 
BaoM o gTHTLgyg 

ACSTTLXra OHLOBO-IOBIXX v. Ohlobo- 
tOI>0-BTIiYUUIB» 


ACSTTLXirS HTBBOCHLOBIBE «u Ohlom- 

BTHTLENB ^ • 

ACETTLXinB DI-HTBBOCHLOBIDS A 

Chlobo ethane 

ACETTLEKE IODIDE v d% Iox>o-btbt£iXNB. 
ACETYLENE NAPHTHALENE • «. 
Acenaphthylene • 

ACETYLENE-DBEA C4H,N40, Ls. 

CH NH. 

CO< I >CO GlycoluriL 
\NH CH NH^ 

S 094 at 17° Formed as white needles when 
cone HCl is added to a solution of glyoxal (1 pt ) 
and urea (2 pts ) and water (3 pts ) If the fil 
trate is evaporated, it deposits a yellow modifi 
cation or impure form (Schiff, A 189,*lo7 0 
Bottinger, B 11, 1787) Also formed by heating 
a mixture of tn chloio lactic acid, urea, and a 
little water at 100° (Pinner, B 17, 1997) Formed 
when allantoin is reduced with (Ip c ) sodiupi 
amalgam (Bemeck, A 131,119, Widman^ 19, 
2477) 

Properties — White glistening pnsms, sol hot 
water Gives a white flocculent pp withHg(NOa),. 
Split up by boiling baryta water mto urea and 
hydantoic acid — C^H^Ag^N^O,. 

ACETYL-ETHYL-PBOPIONIC ACID v Ace 

TYL VALFRIC ACID 

a ACETYL )8 ETHYL SUCCINIC ETHEB 
le CO Et CHAc CHEt COpilt (263°) 
S G 5 1 064 From aceto acetic ether (68 g ), 
alcohol (120 g ), sodium (12 g ) and a bromo 
butyric ether (102 g ) (L T Thorne, C J 39, 
336 , S Young, C J 43, 172) 

Reactions — 1 Decomposed by potash (2 pts ) 
and water (1 pt ) into acetic and ethyl succinic 
acid — 2 Decomposed by potash (1 pt ) and 
water (20 pts ) into salts of COj and 8 acetyl a- 
ethyl propionic acid {v Acetyl valeric acid) — 
3 With NaOEtandMelitgivesa acetyl a methyl- 
8 ethyl succinic ether (g v ) — 4 Theethei (3 pts ) 
boiled with cone HCl (2 pts ) and water (4 pts ) 
for 2 days forms 3 acetyl a ethyl propionic acid, 
which may be extracted by ether, and a crystal- 
hne acid, Ketolactonic acid {q v ) which re- 
mains in the water Ethyl-succmio acid is also 
formed — 6 When heated^ it partly splits up 
mto alcohol and ketolactonic acid 

a ACETYL a ETHYL - SUCCINIC ETHEB 
te CO;EtCAcEtCH,C02Et (264°) 
From sodium acetyl succinic ether and EtI 
(Huggenberg, A 192, 146) Cone alcohohe KOH 
converts it mto ethyl succinic adid 

DI-ACETYL-PUMABIC ETHEB C,2H„0, 
CO^EtCAcCAcCOjEt [96°] Formed by 
the action of iodine (1 mol ) upon di sodio di- 
acetyl-Buccmic ether (1 mol ) suspended m ether: 

CO ;St CNaAc CNaAc CO,Et + 1, - 
CO^Et CAc CAo CO;Et + 2NaI ^ • 
Long Bilky needles (Just, B 18, 2636) 

o-ACETYL-GLUTABIC ETHEB C„H,aO» t e- 
CO,Et CHAc CHrCHjCOJEt (272'’) SO }il 
1 0505 From aoeto-acetio ether, 3-iodo propionic 
ether, benzene, and sodium (Wislicenus a Lim-, 
pooh, A 192, 180) Cone aloobolio KOH splits 
It mto acetic and glutanc acids Boiling HCl 
forms CO, and 7-acetyUbutync acid 

^-Aoe^l•gllltarie acid CHAo(CH, CO^H),. 
[109°], Formed by heatmg o-earboxy-^ acetyl- 
gluiaric acid (from chief 0 acetyl propiomo ether 
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DI«ACETyL-PHOSPIIORIO ACID 


•od fodio. malonlo ather) (Conrad a. Guthzeit, B 
19,4^— AgA' ’ 

JH^aoetyl-glntarie ether t e 

CO;St CHAc CHAc CH^ CO Et or 
CO^t CHAc CH, CO CH, CH.CO^t, 

(c ^45) at 140 mm From bromo acetyl pro 
I IODIC ethefiCH, CO CBDBr CHj CO^tand sodio 
aceto acetic ether (Knorr.^R 19, 47) Ammonia 
in HOAc converts it mto di methyl pyrryl acetic 
carboxylic ether 

• XMe C CH^CO^t 
HN< I 

\CMe C CO^Et 

ACETTL-OLTCOCOIiL V Acettjrio acid 
ACETYLIDE V Acetyl chloride, li^citon 11 
AaETYL IODIDE C,H,OI or Acl (lOS'") 
(G ) . (105<=) (C ) 8 G ii 1 98 (O ) Prepared 

by the action of P and I upon acetic anhydride 
(Guthrie, P M [4] (1857) 14, 18d) or on KOAc 
(Cahours (1857) C B 44, 1253) Also by heating 
acc 1 chloride with Cal 3^aq at 75° The water 
of crystallisation has little saponifying effect 
(Spindler, A 231, 272) 

Properties — Liquid Fumes in air , pungent 
smell , sour taste Water quickly forms HI and 
HOAc , alcohol forms EtOAc Decomposed by 
zinc or sodium at 15°, and by mercury in sun- 
shine, foiming Hgl (G ) H W 

ACETYL-MALONIC ETHEE C«H„0, te 
CH, CO CH(CO,Lt), (239^-245°) S G ^ 1 080 
I rom aceto acetic ether, alcoholic NaOEt and 
ClCO^t (Ehrlich,P 7,892, Conrad, A 214,35) 
Aqueous NaOH decomposes it mto acetone, CO^ 
alcohol, and acetic acid 

ACETYL-METHYL-ACETO-ACETIC ETHEE 
t> Aceto acetic acid 

ACETYL-TETEA-METHYLENE v Tetra- 

METHYLENE METHYL KETONE 

ACETYL-TETEA-METHYLENE CAEBOXY- 
LIC ACID so called, t? Ac etyl Butyl Alcohol 
ACETYL-TEI-METHYLENE v tn Meihyl- 
ene methyl ketone 

a-ACETYL-a-METHYL-/3-ETHYL - SUCCINIC 
ETHEE 

C„H.A » « CH, CO CMe(CO,Et) CHEt CO Et 
From a acetyl )3 ethyl succinic ether, NaOEt and 
Mel (b Young, C J 43, 178) Boiled with dilute 
HCl it forms a y oxy octoic acid {q_ v) and 
methyl ethyl succinic acid 

ACETYL METHYL-TEI-METHYLENE CAR- 
BOXYLIC ACID V propylene aceto-aceiic acid 
under Aceto acetic acid 

a-ACETYL-< METHYL-GLUTAEIC ACID 
C,jH^O*i e CO^t CMeAc CH, CH, CO^t (281°), 
S G fj 6 1 043 From $ lodo propionic ether 
and sodium methyl aceto acetic ether (Wislicenus 
a Limpach, A 192, 133) With cone alcoholic 
KOH it gives acetic and o methyl glutanc acids 
ACETYL-METHYL-PYEOTAETAEIC ETHEE 
V Acetyl di methyl-succinic ether. 

a-ACETYL-a-METHYL SUCCINIC ETHEE 
C„H,Ate CO,Et CMeAc CH^CO^t (c 263°) 
b G 1 067 From sodium acetyl succinic ether 
and Mel (Eressner, A 192, 135) Decomposed 
by cone alcoholic KOH with formation of acetic 
and pyro tartano acids Baryta water or HOI 
produce COj and acetyl butyric acid (2 v ) 
a Aoetyl-S-omthyl-fucoinic ether 
CO^t CMeH CAoH CO^t (c 268°) (C ), (c 268°) 
^Gottstem, A 216, 81) , (o 227°) at 165 mm 
(Biicboff, A 206, 820) ^8 G , 1 061 Formed 


by action of a bromo-propionic ether on sodium 
aceto acetic ether (Conrad, A 188, 226) De- 
composed by cone KOH into alcohol, pyro- 
tartario acid, acetic acid, CO,, and d acetyl iso 
butyric acid , baryta water (8 pc), or HCl, 
produce only CO, and $ acetyl iso butane acid. 

a-Aoetyl-a-3-di-inethyl-succmio Ether 
C,fi^O,ie CO,Et CMeAc CHMeCO,Et (270°- 
272°) S G fy j 1 057 Formed from a acetyl /3 
methyl succinic ether, sodium, and Mel (Hardt 
muth, A 192, 142) Boiling cone alcoholic 
KOH converts it mto acetic and o-/3-di methyl- 
succinic acids 

ACETYL OXIDE and Peroxide v Acetic 

oxide 

ACETYL-OXY-COMPOUNDS v Oxr com 

POUNDS 

ACETYL PHEN YLENE-DIAMINE v Pheny- 

LENE DI AMINE 

/3-ACETYL-a-PHENYL PROPIONIC ACID 

C,,H„0, le CO,H CHPh CH,Ac Benzyl ace- 
tone y carboxylic acid [126°] Prepared by 
boiling the ethers of acetyl phenyl succmic acid 
with barjta-water or dilute HCl Plates V soL 
alcohol or ether On reduction with sodium 
amalgam it gives the lactone of y oxy a phenyl- 
valeric acid, CH, CH(OH) CH, CHPh CO,H 
Salts — A'^Zn long white needles — * AgA 
white pp — “CuA', green, insol water, sol 
alcohol — ’‘CuA', and *BaA', are easily soluble 
(Weltner, B 17, 72) 

ACETYL-PHENYL-SUCCINIC ACID C, H, 0, 

i e CO,H CHPh CHAc CO H [121°] h ormod 
by saponification of the di ethyl ether, which is 
prepared by the action of phenyl bromo acetic 
ether on sodio acet acetic ether Large plates 
(Weltner, B 17, 71 ) When boiled with dilute 
hydrochloric acid or baryta water, it splits 
off CO„ giving acetyl phenyl propiomo acid, 
Cn(CO,H) CH, CO CH, 

— A"K easily soluble glistening needles 

(o) Mono ethyl ether C,^H,„Os %e 
CO Et CHPh CHAc CO H [133°] Formed to- 
gether with the di ethyl ether by the action of 
phenyl brom acetic ether upon sodio aceto acetic 
ether On heating, it evolves CO„ giving phenyl- 
levulic ether (Weltner, B 18, 790) 

(3) Mono ethyl ether CnH,„Oj te, 
CO H CHPh CHAc CO;Et [128°] White pearly 
plates , easily soluble in alcohol and ether 
Formed by the action of sodium phenyl bromo 
acetate upon sodio aceto acetic ether By heat 
mg to 200° CO, is not split off Boiled with 
baryta, it yields phenyl levulic acid It is re- 
duced by sodium amalgam to a phenyl-valeio- 
y lactone )3 carboxylic acid 
CHPh CO 0 
CH(CO,H) dlHCH, 

With alcoholic NH, it yields 

Phenyl hydrasnde C iH,„N^04 [149°], plates. 
Di ethyl ether [76°], plates 

DI-ACETYL-PHOSPHOEIC ACID C^PO, 
t e Hj,Ac POj A viscid liquid, formed by the 
action of AcCl on AgjPO^ (Canus a. Kammerer, 
A 131, 170) Boiling water decomposes it into 
acetic and ortho phosphoric acids It fo^s 
a calcium salt, CaHA(4POt2aq, cf^stallismg m 

needles 

AGBTYL-FIPEE • PROPYL • ALCSHTX m 

OXTPBOPYXrPXPBBIDINX. 



46 


ACETYL-PROPCONTO AOIDa 


ACETYL-PEOPIOWIC ACIDS C H,0, 
a.Acetyl propionic Acid CH, CHAc CO^H, v 
AJethyl-aceto acetic acid under Aceto acetic acid 
/8 Acetyl-propionio Acid 
CH, CO CH^CH^ CO H Levulic acid [83 5°] 
(2ay°) S G 1 135 /Ud 1 443 at 15^ Roo 45 3 
Formation — 1 By boiling acetyl succinic 
ether with dilute HCl (Conrad, B 11, 2177) 

2 By boiling the following substances with very 
dilute H^bO^ Le\ulose, inulin, cane sugar 
(Grote a ToIIens, A 175, 181), gum arabic, or 
caragheen moss (Bente, B 9, 1157) Filter 
paper and deal shavings give a small quantity 
bmall quantities may also be got fiom glucose, 
milk sugar, and galactose, by heating with 
aqueous HCl 

Pieparation — Cane sugar (1500 g ) is heated 
for 20 hours with water (1500 g) and H SO^ 
(150 g ), with occasional shal mg A laige quan 
tity of humic substance separates The thick 
liquid IS filteied under piessure, mixed with 
CaCOg (150 g), and the whole evapoiated (till it 
weighs 1500 g ) The liquid is again filteied, 
mixed with H SO^ (50 g ) and shaken with ether 
After evaporating the ether, the levulic acid 
(100 g) is rectihcd (Grote, Kehrer a Tollens, A 
20b, 210) If glucose be used the yield is not 
80 good, and it is then better to use HCl {v 
Com ad a Guthzeit, B 18, 442) Formic acid 
18 also f 01 mod in these reactions 

C H„0«= C,H,0, + CH 0 + H 0 
Properties —Deliquescent trimetric plates 
V sol water, alcohol or ether On distillation 
it produces (a) and {^) angelico lactone and also 
acetic acid, and another acid possibly C,„H,o 03 
[208°] (Wolff, A 229, 2G0) Not attacked by 
bromine in the cold 

Reactions — 1 Chromic mixture produces 
CO and acetic acid— 2 Dilute HNOg gnes 
succinic, oxalic, acetic, and hvdroc;yanic acids I 
(Tollens, B 12, 334 , A 200, 257) —3 Reduced, 
by P and HIAq at 150 -200°, or by sodium 
amalgam in acid solution, to n valeric acid — 

4 In alkaline solution sodium amalqam pro 
duces y oxy valeric acid {q v ) — 6 Gives the 
iodoform reaction with NaOH and I — 6 Reacts 
with hydroxylamine, forming an oxim 

(SaZfs — CaA'^aq minute needles — AgA' 
«ix sided tables — NaA' minute needles — CuA'j 
(at 150°) bluish green flat needles or prisms 
Baimm, magnesium, and cadmium salts are 
gummy 

—MeA' (1916°) SG S 1 0684 fin 
1 421Ga’ 15° Roo 52 2 -EtA' (200 5^) (G K a T ) 
(204°) (W ) S G § 1 0325 Mi. 1 421 60 2 

— PrA' (215 5°) S G g 1 0103 fip 1 4240 
Roo GO 5 

Amide — CjH [108°J From ethyl 

levulate and alcoholic NH 3 or from (o) angelico 
lactone {q v) and aqueous or alcoholic ammo 
nia Six sided tables (from alcohol chloroform, 
Wolff, A 229,200) 

References — also Bbomo- and Chlobo 
ACFTYL PROPIOMC ACIDS 

ACETYL-PROPYL ALCOHOL %e 

CH CO CH. CH„ CH,OH Methyl y oxy propyl 
kiWne A colotJrrless liquid, soluble in watei, 
fomied by boiling bromo etnyl aceto acetic ether 
BiCH CH.,CHAcCO,Et with dilute HCl It 
readily reduces ammomacal AgNO^Aq but not 
Fehling’s solution It is converted by heat into 


an anhydride Sodium-amalqam reduces it to ® y- 
di oxy n pentane, CH Cia(OH) CH^ CH 2 CH^OH 
(Perkin jiin a Freer, B 19, 256b) 

ACETYL PYRO-PHOSPHOEIC ACID 
The barium salt, BaHAcPp 2aq, is got as a 
crystalline pp , si sol dilute acids, by adaing 
aqueous hydiogen peroxide to a solution of 
barium acetyl pyrophosphite (Menschutkm, A 
136, 254) 

ACETYL - PYRO - PHOSPHOROUS ACID, 

AcH,P 0 2aq, is got by heating AcOl with H,PO, 
at 50° (Menschutkm, A 133, 317) Crystalline 
mass 

Salts — K HAcP 0 2\&q slightly sol water 
BaHAcP/)j insol water — PbHAcP^Oa insoL 
water 

ACETYL-PYRO-TARTARIC ACID 

METH\L SUCCINIC ACID 

ACEIYL PYRROL u Pyrhol 

Pseudo acetyl p3rrrol v Pyrryd met^^yl 

KETONF 

ACETYL-SUCCINIC ETHER C,„H„Oj te 
CO,Et CHAc CH, CO,Et (c 255°), (240° 1 V) 
at 330 mm S G 1 079 , 1 088 , 1 080 

MM 10 343 (Peikm, C J 45,517) Formed 
by action of chloio acetic ether upon sodium 
aceto acetic ether (Conrad, A 188, 218) Oil 
Sol alcohol or ether Gives no colour with 
Fe Cl Cone alcoholic KOH splits it into acetic 
and succinic acids , boiling baijta water forma 
/3 acetyl piopionic ether and CO, 

Phenyl hydrazide C,hH N 0, [80°] At 
150° It splits off Eton and gives methyl oxy qui 
mzyl acetic ether (Knorr a Blank B 17, 2051) 
Di-aceto-succmic Ether C,,PI,(,0, te 
CO, Ft CH\c CH\c CO Et [79°] 

Sodium acetocetic ether istieatedin ethereal 
solution with iodine (Rugheimcr, B 7, 802) 
2CO LtClIN^aCU ClI +I,= (CO 1 tCllAc ), + 2Nixl 
The ethylic di aceto succinate crystallises from 
the ether (Harrow, C J 33, 427) It foims tri 
metnc tables, v e sol alcohol, ether, or benzene 
Reaction — 1 Boiled with dilute H SO, 
(1 10) it gives off CO, and forms pyro tritaric 

or u\ic ether C„H, O, and carbo pyio tritaiio 
ether C^H O^Et - 2 Hydioxylavnne forms a di 
oxim (needles, Munchmeyer, B 19, 1849), and 
a neutral ether C,,H, NO (Knorr, B 18, 15b8) — 
3 Ammonia foims di methyl pyrrol di carboxy- 
lic ether C,HMe,N(CO Et) or 

vCMe C CO,Et 
NH< I 

\CMe C CO,Et: 

Primary bases act in a similar manner, thui 
metliylomme forms 

.CMe C COjEt 

NMeC 1 

\CMe C CO Et 

(Knorr, B 18, 299) 4 Phenyl hydrattne 

acts in a similar way C, HigO^j + N H^C^H^a 
C.gH^N.O. + 2H 0 The new compound, which 
NPh CMe C CO,Et 
may be I I 

NH CMeCCO,Et 

is called phenyl di methyl pyiidazinedi carboxy- 
lic ether It contains H,0 less than the mono 
phenyl hydrazide of di acetyl succinic ether, 
CO,Et CH(CMe N JPhH) CHAc CO Et (Knorr, B 
17, 2058 , 18, 805) It crystallises in prisms, 
[127°] (from benzoline) See also Phenyl iir 

X^BAZXMlL 
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acetyl STrLPHIBE 0,11^0 S or Ac S 
Ih^acetyl %ulphide^ Thi 0 *%,cetic anhydride (120'^) 
Preparation — 1 From Ac^O and P (Ke 
knl4, A 90, 31*2) Yield 10 p*c — 2 From AcCl 
and K^S — 3 By distilling PbSAo 

Properties — An oil, slowly decomposed by 
water into HOAo and HSAc 

Di-acetyl Di-«ulphide or Ac^S^ [21°"' 

Formation — 1 From KSAc and I (Kekul6 
9 Linnemann, A 123, 279) 2 From BaO^ and 

Ac^S in ethert«,l solution (Beckmann, J pr 125, 
4b5) 2AcjS + Ba02 = Ac + Ba(OAc) — 3 By 
electrolysis of thio acetic acid (Bunge, B 3, 297) 
Properties — Crystalline Insol water, v sol 
alcohol or CS^. Decomposed by warm^i^ater or 
allflfclis forming thio acetic acid and sulphur 
Decomposed by distillation 

ACETYL STTLPHOCYANIDE C,H,NSO or 
CH, CO S Cy (133^) S G i i,,l From 
AcCl and lead sulphocyanide (Miquel, A Ch [5] 
11, ^"^5) Pungent liquid Decomposed by water 
into HOAc and HSCN Forms with NH., in 
ethereal solution a non volatile liquid which dis 
aolves in water and gives a red colour with Fe^Clg 
ACETYL THIO UREA v Thio ure^^ 
ACETYL-TOLYLENE-DI-AMINE v Toly- 

LENE DI AMINF 

ACETYL UREA v Urea 
ACETYL- VALERIC ACID C,H„0, 
a-Acetyl-n-valenc Acid v n propyl aceto 
acetic acid under Aceto acltic acid 

o Acetyl-s-wo-valenc Acid t iso propyl aceto 
acetic acid under Aceto acetic acid 

a-Acetyl w-tso-valeric Acid v methijl ethyl 
aceto acetic acid under Aceto acetic acid 
)3-Acetyl-w-iso valeric Acid 

CH Ac CHEt CO H 

(250°-252°) Got by boiling a acetil j3 ethyl 
fiuccinic ether (g v ) with dilute KOH (Thome, 
CJ 39,340) Liquid miscible with water al 
cohol, and ether Turns brown in air It is 
gradually decomposed by heat into H^O and an 
oil C H,„0, (219°) S G % 1 0224 

Reaction — HNO, oxidises it to ethyl succinic 
acid 

Salts — Gummy, soluble in water 
Ether — Et A' (224°- 220°) Lighter than water 
ACHILLEA — The Iva plant (A Moschata) 
has been chemically examined by v Planta 
licichenau {A 155, 145), who has extracted fiom 
it the following substances 1 Ivain C,,H.,0„ 
obtained by distilling the dried herb (freed from 
the roots) with i^^ater to remove volatile oil, ex 
haustmg the dried residue with absolute alco 
hoi, precipitating with lead acetate, removing 
excess of lead with H S, and exhausting the 
evaporated residue with acetic acid to remove 
BchiUem rrd moschatin Ivain then remains 
a dark yellow resinous mass, insoluble in 
•watft, easily soluble in alcohol, yielding an 
intensely bitter solution — 2 Achillein 
C,„H,„Np ,5 and Moschatin CjjH^ NO^ are ob 
tamed by distilling the herb, gatheied before 
flow ering, with water exhausting the concen trated 
filtrate with absolute alcohol, evaporating off the 
alcohol and adding water, which throws down 
moschatin, and on treating the liquid filtered 
therefrom with Pb(OH) 2 , again filtenng, remov 
mg lead with H,S, and evaporating, Achillein 
remains as a browp red mass, very soluble in 
water, less readily m alcohol, insoluble m ether. 


very bitter , not precipitated by lead salts Re* 
solved by prolonged boiling with dilute sulphuno 
acid into sugar and achilletin CuHj^NO^, a 
dark brown powder, insoluble m water, very 
slightly soluble in alcohol, not bitter Mos 
chatin C^jH NO, is pulverulent, nearly in 
soluble m water, somewhat soluble in absolute 
alcohol , tastes bitter 

A Ageratum, growing m Italy and Provence, 
yields an essential oil boiling at 165°-182°, 
sp gr 0 849 at 14° (De Luca, J Ph [4] 18, 105) 

H W 

ACHROO-DEXTRIN i> Dextrin and Starch 

ACIBIMETRY The estimation of acids by 
volumetric methods V Analysis 

ACID-FORMING OXIDES Same as Anhy- 
dridfs (q V ) 

ACIDS — Salts of hydrogen The word acid 
(ac, sharp, aceic, to be sour, compare ace/iim, 
ynegar, u^os) was originally loosely applied 
to all sour liquids The term cannot now be ao 
curately defined , but it may be stated generally 
that an acid is a compound of hydrogen which, 
when mixed with, or dissolved m water, is capable 
of exchanging the whole, or a portion of the hy 
drogen it contains for a metal, with simultaneous 
formation of water, by the action on the aqueous 
solution of the acid of a metallic oxide or hy- 
droxide 

History — The corrosive action of acids, and 
their power of dissolving metals and other sub 
stances have been known from eaily times 
Thus Geber, who lived during the eighth cen 
tury, was acquainted with impuie nitric and 
sulphuric acids, and described them under the 
name aquee dissolutwre Paracelsus (16th cen 
tury) from whom the school of latio chemists 
sprang, held that the human body in health 
consisted of certain acid and alkaline principles 
which balanced each other, and that disease was 
due to a preponderance of one or other of these 
punciples He was the first to propound a theory 
to account for tlie properties common to all 
acids , he supposed that they all contained an 
acid principle, which conferred taste and solu 
bihty on all substances into which it enteied 
This theory was accepted by Becher (17th cen 
tury), who named the acid principle acidiim 
pi nuogeniuni , and he added that it consisted of 
a compound of earth and water, both of which 
he believed to be elements The distinctive pio 
perties of acids — their solvent power, their 
power of changing the colour of certain vege 
table tinctures, and the fact that they form 
neutial bodies with alkalis were catalogued 
by Boyle (17th century) Stahl, in 1723, adopted 
Becher’s theory, and endeavoured to prove that 
while acids were the bases of all saline bodies, tlie 
principle of all acids was sulphuric acid Stahl’s 
view continued to find supporters foi a long 
time, but its defects were at length peiceiveiL 
Many of the supporters of the phlogistic theory 
held that inorganic acids, such as sulphuiic 
and phosphoric acids, were simple substances , 
and that by their combinations with phlogiston 
they gave rise to bodies such as sulphur and 
phosphorus, which were then regarded as corfi 
pounds, but which we now know to be elements 
After the discovery of oxygen by Priestley and 
Scheele, Lavoisier, in naming that element from 
h^vs (acid) and (I pioduoc), generalised 
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the facts discovered bj him, that many acid 
bodies are produced by the union of *oombu3 
tibles ’ with oxygen , and although it was pointed 
out by BerthoHet in 1789 that sulphydno and 
prussic acids contain no oxygen, the view of 
Lavoisier generally prevailed until the researches 
of Davy, and of Gay Lussac and Thenard, on 
muriatic and oxymuriatic acids (hydrochloric 
acid and chlorine) in 1810, and the dis€overy 
and examination of hydriodio acid, and the in 
vestigation of prussic acid by Gay Lussac in 
1814 and 1815, compelled chemists to recognise 
the existence of true acids containing no oxy 
gen, and led to a distinction being drawn between 
acids which oontamed oxygen, and those which 
did not 

Lavoisier also regarded acids as binary oxy 
genated compounds, and he supposed that the 
water which must be present m order that an 
acid shall react on other bodies merely played 
the part of a solvent This view was suppoited 
and extended by Berzelius, who taught that 
certain oxides are capable of uniting with each 
otlier to form ‘ ternary ’ compounds or salts, and 
that these salts are decomposed by electiolysis 
int>^ their ‘binary’ constituents, which aie an 
acid and a base Beizelius therefore applied 
the term electronegative to that oxide which ap 
peared at the positive electiode on electiolysis of 
a salt, and the term electropositive to that oxide 
which separated at the negative electrode The 
negatne oxides he classed as acids, and the 
positive oxides as bases This theory ignored 
the fact that water is associated with these 
oxides m their various leactions , and, more 
over, it overlooked the evident analogy between 
acids containing oxygen and acids containing 
no oxvgen, but formed by the union of the 
halogens, or haloid groups, with hydiogen To 
restore this analogy, Davy proposed to abandon 
the old view that acids were compounds of 
certain elements with oxygen, and suggested 
that all acids, whether they contained oxygen or 
not, should be considered as compounds of 
hydrogen Dulong supported Davy’s Mew, and 
extended it , he regarded acids as compounds of 
hydrogen with elements such as Cl, I, S, or 
with radicles such as CN, NO,, SO4 As it was 
at that time supposed that such radicles were 
capable of separate existence, and as Dulong’s 
hypothesis involved the creation of a large num 
her of hypothetical substances, this hypothesis 
did not meet with general support It was re 
served for Gerhardt, led by a study of organic 
substances, to prove that most acids, when 
vaporised, do not separate into an oxide and 
water, but pass into the state of vapour as a 
whole From this it followed that hydrogen, 
replaceable by metals, must be a constituent of 
all true acids 

Characteristic features of acids —Bodies 
possessing properties corresponding with the 
definition of an acid given at the loginning of 
this article always contam hydrogen in intimate 
combination with one or more of the following 
ejpments, fluorine, chlorine, bromine, iodine, 
oxvgen, sulphur, selemon, tellunum, or certain 
groups of elements {eg cyanogen) of which 
carbon is one (comp Acids, Organic, p 53) 
It IS true that water is not accounted an acid, 
nor u it Qsual to include h^diogon dioxide 


among the acids, yet^if the definition ol acid 
weie strictly applied hydrogen dioxide wohld 
find a place in this cl^ss, for it has an acid 
reaction with test paper, and on addition, for 
example, of barium hydroxide to a solution of 
it in water, the reaction o|iaraotenstio of laotds 
takes place , 

Ba(OH)/8H 0 + H,0, - BaO^-eEjO + 2H,0 
Again, the reactions of hydrogen sulphide, Belen>‘ 
ide, and telluride, with alkahs, would lead to 
their inclusion among acids name acid 

must also be applied to most compounds of by* 
drogen and one of the elements above mentioned 
with a third element The following examples 
will illustrate the definition given — 


simple. 

Oomponnd. 

HF 

HBF4 = HF BF, 

HCl 

H PtCl, - 2HCI pta^ 

HCN 

H,Fe(CN )4 = 4HCN Fe(CN), 

(HO) 

H SO, = HOSO, 

H,S 

H.4Cb, = H,b CSy 

Ae 

&c 


Such bodies as H ZnO (Zn(OH) ), and 
HjAlO, (AlfOH),), may bo classed either among 
acids or basic hydroxides, inasmuch as they 
possess the chaiacteristics of both classes 

Among the compounds of carbon the acids 
form an important class The formulae of these 
compounds may be supposed to be derived from 
the formula either of formic acid, or of caibonic 
acid If formic acid be taken as the t>pe, then 
most acids containing carbon may be viewed as 
substituted formic acid , thus — 

HCOOH CH,COOH C H,(COOH),. 

Formic acid Acetic acid Sucoimc acid 

C,H4(OH)(COOH), 

Citric acid 

It IS to be noticed that in two cases more 
than one molecule of formic acid is employed , 
and that succinic acid, by this view, is to be 
regal ded as two molecules of formic acid, m 
which two atoms of hydrogen are replaced by the 
group C H4 , while citiic acid is derived from three 
molecules of formic acid by replacement of three 
atoms of hydrogen by the group C,H4(OH) The 
carboxylic acids may be similarly derived from 
carbonic acid (CO(OH) ), if one hydroxyl group 
be regarded as replaced by an alkyl or similar 
group But it 18 clear that unless this view erf 
the composition of carbon acids helps to render 
prominent the actual relations existing between 
these compounds, it can be of Lo value In this 
view of the constitution of carbon acids these 
compounds are all represented as containing the 
characteristic group CO OH , this group has been 
named ‘ carboxyl,* a word derived from ‘ car 
bonyl,’ CO, and ‘ hydroxyl,’ OH, and implying 
the presence of these two groups That m^t of 
the acids of carbon contain the group CO OH is 
lendered probable by the following considera 
tions when one of these acids is distilled with 
phosphorous chloride, PCI3, the hydroxyl group 
18 replaced by chlorine, thus , 

8CH4 CO OH + 2PC1, » 8CH,CO Cl + PA + SHd 
And on warming such a chlonde with water tae 
acid 18 re formed , 

CH, CO Cl + H,0 - CH 3 CO OH + Ha 
It is thus proved that oxygen and hydrogen can 
be remov^ together from the acid molecule. 
Moreover, on treatmeift of the acid chloride with 
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nascent hydrogen, the chlorine is replaced by 
hydrogen, and an aldeh lie is produced, thus , 
CH,COCl + 2H - CH3CHO + HCl 
This aldehyde, when treated with phosphoric 
chloride, PCI4, exchanges its oxygen tor two 
atoms of chlorine, thus , 

CH,CHO + PCts - CH, OHCl, + POCl, 

It IS therefore inferred that the atom of oxygen 
replaced by chlorine in the last reaction is 
differently related to the other atoms m the 
molecule from that atom of oxygen which is 
replaceable by chlorine only when hydrogen ac- 
companies it The formula of the characteristic 
gioup, CO OH, thus appears reasonable 

But there are many compounds of carbon ex 
hibiting the property of exchanging “hydrogen 
lor a metal by the action of an oxide or hydroxide, 
which do not contain the carboxyl group Among 
these compounds may be mentioned bodies such 
as ethane sulphonic acid, C H HSO3, and ethane 
hcsohomc acid, C^H H^POg, Ac , many of these 
odiet, may be regarded as acid ethereal salts of 
inorganic acids There are, howe vei , others which, 
in spite of their acid properties, it is not usual to 
name acids, although many of them might be 
legitimately included in this class For instance 
the mercaptans, of which ethyl hydrosulphide 
may be chosen as an example, react with oxides 
or hydroxides in a similar manner to sulphydiic 
acid HS, thus, CH SH + KOH = C,H SK + H,0 
and the corresponding selenion and tellurium 
compounds exhibit a like behaviour Again, 
many of the nitro compounds of the alk}l 
radicles have the power of exchanging hydrogen 
for a metal, under the usual limitations, as for 
example 

CH,NO, + KOH = CH KNO^ + H O — 

C(NO )aH yields C(NO )3K, etc Hydroxvqui 
nones, such as alizarin C,,H„0 (OH) , act as 
dibasic acids, forming compounds such as 
C^HyO (OK)^ , phenols, and their substitution 
derivatives, also yield metallic derivatives, e g 
sodium phenate C^H ONa, sodium picrate 
CiH^(NO ), ONa On comparing such compounds 
with each other, and with other acids, the fol 
lowing deductions may be drawn — (1 ) That a 
powerfully electro negative element such as 
fluorine, chlorine, bromine, or iodine, confers 
acid properties on its compound with hydiogen 
(‘2 ) That in compounds of elements exhibiting 
less maikedly electronegative propeities than the 
halogens, the presence of an electronegative ele 
ment is necessary to the development of acid 
character This may be seen from the follow 
ing considerations Hydrocarbons, such as me 
thane, CH^, exhibit no acid properties, if an 
atom of an electronegative element such as 
oxygen or sulphur is introduced into the mole- 
cule in place of one or more atoms of hydrogen, 
ftie compound so formed, although not generally 
a true acid, yet exhibits a more or less acidic 
character Thus, methylio alcohol, CH3OH, 
forms metallic derivatives (CHjONa, Ac ) by the 
acticm on it of strongly positive metals , but ao 
juoh compounds are decomposed by water, they 
cannot be formed in presence of that substance 
Here, however, we may note that phenol, C^HjOH, 
and similar compounds, reacts with the hydroxides 
of strongly positive metals to form metallic 
denvatives which, although comparatively an 
stable are nevertheless ^^apable oi existence in 
Voi- I 


presence of an excess of alkaline hydroxide But 
if a derivative of a hydrocarbon contain two or 
more electronegative atoms or groups of atoms 
m the molecule, then, as a rule, this compound 
forms metallic derivatives of considerable sta 
bility Thus, the replacement of two atoms of 
hydrogen in the molecule of an alcohol by an 
atom of oxygen (converting the group character- 
istic of primary alcohols, CH^H, into the car- 
boxyl group, CO OH) is attended by a marked 
increase of acid properties Similarly the ex 
istence of oxygen combined with carbon in 
hydroxyqumones (as carbonyl, CO) confers on 
hydroxyl groups present the power of exchanging 
their hjdrogen for metals by reactions common 
to acids And in presence of a large amount of 
an electronegative element the exchangeable 
hydrogen need not even be present as hydroxyl , 
for as shown above, such bodies as nitromethane, 
CH,NO^,form metallic derivatives, like CH^KNO^ 
Comp Aceto acetic acid, p 17 Regarding the 
relations between the nature of different elements 
and the acidic character of their compounds v 
further Classification 

Basicity or acids — Some acids, on treatment 
with the oxide or hydroxide of an alkali metal, may 
exchange all their hydrogen for metal, thus pro 
ducing a salt , and it may not be possible to obtain 
fiom them a body intermediate between the salt 
and the acid , such an intermediate derivative is 
usually termed an acid salt From other acids 
such intermediate derivatives are obtamable 
The acids of the former class are termed ‘ mo- 
nobasic ’ , those of the latter class are termed 
‘ polybasic,’ including the terms ‘ di- ’ ‘ tri * 
‘ tetra basic The conception of the basicity 
of acids was introduced by Graham Before his 
researches in 183d, it was supposed that an 
* acid salt ’ contained, as its name implies, both 
acid and salt, and on the binary theory it was 
considered to be a compound of the two But 
Graham showed that in neutral potassium phos 
phate there are, as he expressed it, three equiva- 
lents of potash for one equivalent of phosphoric 
acid, or m modem language, three atoms of 
potassium for one atomic group PO^ , and that 
the acid phosphates differ from the neutral 
phosphate m containing water instead of potash, 
or as we should say, hydrogen in place of potas 
Slum The composition of hydrated phosphorio 
acid being expressed by the symbol (old notation) 
POj 3HO, the composition of its different salt/ 
might be expressed by the symbols 

PO, 2HO KO , PO, HO 2KO , PO. 3KO 
Phosphoric acid was therefore termed by Gra- 
ham a ‘ tribasio acid ’ In 1838, Liebig pointed 
out the necessity of considenng the following 
acids as polybasic, because of the fact that they 
form acid as well as neutral salts , — cyanunc, 
malonic, comenic, citric, aoonitic, aconic, tartaric, 
malic, and fumano In consequence of this 
change of view, Liebig argued that it was 
better to give up the binary theory of acids 
held by Berzelius, and to go back to the older 
theory of Davy, viz that acids are to be regarded 
as formed by the combmation of hydrogen with 
a simple or a compound radicle, the nature ^f 
this radicle having no part m determining the 
number of stages in which the re^aoement of 
hydrogen by metal takes place, ^us by ad 
dition of oxygen or sulphur to sulphuretted 



60 


ACIDS. 


hydrogen (sulphydnc acid) the following dibasic 
acids are obtainable — 

Sulphydnc acid H^S 

Hyposulphurous acid H 

Sulphurous acid H SO, 

Sulphuric acid . H^S 04 

Thiosulphunc acid . H^Sp, 

Dithionic acid H 

It was, however, known that many acids, 
having a claim to be considered monobasic, 
such as hydrofluoric, acetic, benzoic, and stearic, 
gave rise to double salts by addition of a mole 
cule of acid to a molecule of salt Laurent and 
(xerhardt pointed out that the relative densities, 
in the gaseous state, of manv acids belonging to 
this class imply that a molecule of each acid 
contains only one atom of hydrogen , further, 
that an acid of this class forms only one alkyl 
(or ethereal) salt, and one amide , that while 
polybasic acids generally yield anhydrides by 
some direct process, often by the action of heat 
alone, the anhydrides of monobasic acids are 
usually obtained indirectly, and that anhvdro 
salts such as dichromate of potassium, are ob 
tamable only from polybasic acids 

The number of atoms of hydrogen contained 
in a molecule of an acid is no criterion of its 
basicity , this fact was noticed by Gerhardt, but 
Its bearings were more fully elucidated by Wurtz 
and by Kekul 6 The basicity of an acid is de 
termined, not by the number of atoms of hydro 
gen which it contains, but by the number of 
stages in which the hydrogen can be replaced, or 
in other words, by the number of salts which it 
IS capable of forming with a specified monovalent 
metal Thus a study of the salts of the follow 
mg acids has led to their classification as shown 
below 

Monobasic -HF, HCl, HNO„ H(H,PO,), 

H(HC02), HBF„ HAuCT, 
Dibasic — H,SO„ H,(HPO,), H^C^O,, 

H^tCl«, C H,(C00H)2 
Tribasic — HjPO^, H,Fe(CN)e, H^AsO^, 

C3H,(0H)(C00H)„ C,H N(COOH), 
Tetrabasic — H.P^O,, H,Fe(CN}„ C«H 2 (COOH), 
Hexabasic -C,(COOH), 

The number of salts of a monovalent metal 
which an acid is capable of forming corresponds, 
as a rule, with its basicity Thus tribasic ortho- 
phosphoric acid forms three salts with potassium, 
11 z H KPO 4 , HKjPO,, and K,PO^, and similarly 
with other acids 

This classification, as already stated, is 
founded on a study of the salts of acids con- 
taining monovalent metals, practically of the 
salts formed by the action of potash or soda on 
the acids The researches of Thomsen on the 
quantities of heat produced when acids and 
bases mutually react in equivalent quantities 
have confirmed the conclusions drawn from a 
study of the composition of salts The principle 
of the thermal method may be thus stated —If 
a dilute aqueous solution of a monobasic acid is 
mixed with an equivalent quantity of an alkali 
also in dilute aqueous solution, a defimte quantity 
of heat is produced , if more than one equivalent 
of acid 18 used for one equivalent of base, the 
same quantity Pf heat is produced. This is 
ahown by the examples which follow * 

* Flgiirss represent gram onlisof hetk. 


iuoid. 

Knmber of equivalents of odd to one 
eqtiivw.3nt of base (NaOHAqi 

HCl HBr HI 

9 

13,700 

1 

13,700 

6,850 

HF 

16,000 

16,300 

8,200 

HSH 

7,700 

7,700 

8,900 

HNC . . i 

2,800 

2,800 

1,400 

6,800 

HNO 2 

13,600 

13,700 

HPHP, 

16,400 

15,200 

7.600 

HPO, 

14,200 

14,400 

— 

H C 2 H 2 O 2 

13,200 

13,200 

8,600 


In most of these instances, the acid forms no 
I acid salt , its hydrogen is replaceable m only one 
stage Dut although acid salts of acetic ac<d 
(e g , C HjjNaOJ, and of hydrofluoric 

acid (HF KF), are known, the formation of these 
I salts by the action of the neutral salt and the 
' acid is accompanied by a very small thermal 
I change This fact forms a reason in a*’ itior 
to those adduced by Gerhardt, for classing hy 
drofiuoric and acetic acids with the monobasic 
acids 

The thermal value of the action of a base on 
a polybasic acid, unlike that of the action of a 
1 base on a monobasic acid, is dependent on the 
proportion between the number of equivalents of 
base and acid used This is showm by the 
following examples 


Acid 

Number of equivalents of acid to one 
equivalent of base (NaOHAq) 


2 1 1 j 

^ i 

h 

1 i 


H,SO 

14 200 14 600 

15 600 1 


7 800 


H,SO 

— 15 900 

14 500, 



1 7 300 

__ 

H.PIiO, 

14,900 14 800 ' 

14 200 

9 600 




H,CO, 

— IIUOO 

10 100! 

— 



H PO* 

14 700 14 800 

13 600 11 800 

— 

6,900 

H P.O, 

— 14 400 

14 300 1 

““ 1 

13 200 

9,100 


Again, a small thermal change is noticed when 
solutions of a monobasic acid and of the potas 
Slum or sodium salt of this acid mutually react , 
but if a solution of a polybasic acid is allowed 
to react with a solution of a neutral salt of the 
same acid, a marked thermal change occurs 
Thus the formation of KHSO^ from K^SO^ and 
H^SO^at23°i8 accompanied by the disappearance 
of about 8,000 gram units of heat 

Oktho acids and Anhydro acids — The acids 
contammg oxygen have been most completely 
investigated, owing to the fact that most of 
them are stable at ordinary temperatures, and in 
presence of air and water It is inferred that in 
these acids oxygen and hydrogen are in intimate 
union, forming a hydroxyl group, the chief 
reason for this view, mz , that when these acids 
are treated with phosphorous, or phosphoric, 
chloride they yield the chlonde of the ac d 
radicle, has already been stated Thus sul 
phunc acid, S 02 ( 0 H) 2 , yields sulphuryl chloride, 
SO 2 CI 2 , and phosphono acid, POfOH),, yields 
phosphoryl chloride, POCl, Such groups as 
SO 2 , sulphuryl, or PO, phosphoryl, are termed 
acid radicles, and their compounds with hy- 
droxyl are acids The term ortho acid is em- 
ployed especially m the nomenclature of carbon 
acids 

An ortho acid, stnctly speaking, is one in 
which the element to which the hydroxyls are 
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8(OH). 

> 

S(OH). 

Unknown 


united is not combined with any other oxygen 
S»ch oonipoonds are moat cases unknown, 
hut thdir ezietence is inferred from that of their 
metallic or ethereal salts, « a Si(ONa)4, GiOCH,)., 

Cfl,0(00A),. Ac 

l^any of the commonly ooonmng acids may 
he regarded as derived from such ortho-acids by 
removal of water , thus Iboked at, these acids 
are partial anhydrides. Their formation is 
illustrated by the followmg examples 

S(OH), B0(0H)4 so, (OH), SO, 

Vx^noMm. Unknown Sulphuric Sulphuric 
acid, anhydride 

I(OH), lO(OH), IO,(OH), 10, (OH) 1,0, 

Unknown Periodic Salts Imown Suits Periodic 
acid. known anhydride 

(? known) 

P(OH). PO(OH), PO,(OH) P,0, 

Unknown Orthophosphoric Metaphos Phosphoric 
acid phoric acid. anhydride 

Partial anhydrides are sometimes also formed 
by thv. condensation products of two or more 
molecules of an acid, with removal of water, 
thus 

S(OH), SO(OH), SO, (OH) 

> >0 > 

S(OH), SO(OH), SO (OH) 

Unknown Unknown Pyrosulphuric acid 
In most cases the composition of such acids is 
inferred from that of their salts , the very 
numerous natural silicates may be conveniently i 
classified as salts of such condensed acids | 
{v Silicates) 

Affinity (or avidity) of Acids — By measur 
mg the thermal changes which occur when one 
equivalent of an acid, in dilute aqueous solution, 
reacts on one equivalent of the neutral salt of 
another acid, also in dilute aqueous solution, it 
18 possible to determine the proportion in which 
the base- divides itself between the two acids 
Measurements have been made by Thomsen, 
and he has named the proportion in which the 
base combmes with either acid, the relative 
avidity of the acid Thus when hydrochloric 
acid (86 4 parts) is added to potassium nitrate 
(101 parts), both in dilute aqueous solution, the 
thermal changes which occur point to an equal 
partition of the base between the two acids , i e 
half the potassium exists m the solution as 
chloride, and half as nitrate On mixing nitric 
acid (63 parts) with potassium chloride (74 4 
parts), the heat change points to the same equal 
partition of the -‘base Hence it is concluded 
that the relative avidity, or affimty, of hydro 
chlono and nitno acids for potash is equal, and 
18 expressed by the number 0 6 The relative 
avidity seems to be independent of the nature 
of the base withm certam iiimts , it is also modi- 
fied gnly to a small extent by the concentration 
of the reacting hquids, or by small changes of 
temperature This conclusion of Thomsen has 
received thorough confirmation by the researches 
of Ostwald, and this is the more valuable m 
asmuch as Ostwald measured the partition of 
abids between bases by a method depending on 
the alteration of volume attending the mixture 
of an aoid with the salt of another acid The 
following table gives the relative affinities of 
some acids towards the base soda , the affinity 
of hydroohlone aoid being taken as unity — 


Add 

. HCl 

HBr 

m 

BF 

Aridity 

1 

0-89 

0*79 

O-Oi 

Add 

HON 

3 

HjSeO^ 

3 


Aridity 

very Bmall 

0 49 

0*45 


Add 

HNO, 

JLPO. 

3 

H.B ,04 

3 

OCl, OOOH 

Aridity 

1 

0-24 

very small 

086 

Add 

(OOOH), 

OH.O. 

0-05 



Aridity 

0 24 

0-08 



For more details v Affinity, p 67 , Aoros, 
Basicity of, p 61 Regardmg acids v also 
Classification An acid with a large avidity 
or afiinity is frequently now spoken of as a 
strong acid, the term weak being applied to 
those acids the affinities of which are expressed 
by small numbers 

References — Lavoisier, TraiU il&mentaire de 
Chimie, ed 1789, i 69 et passim , Kopp, Ga- 
schichte der Chcmie, i 308 , m 17 , Davy, 
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Q A 54, 377, T 1815, 212, Berzelius, J 6 
184, Graham, T 1833,253, P Jlf 3 451 and 
4G9 , Liebig, A 26 138, 170 , A Ch 6, 70, 
Laurent, A Ch [3] 24, 163 , Mdthode de Ch/imie 
(1854), 62, Translation of Cavendish Soc , 39- 
45, Gerhardt, GarTi (1856), 4 641, Wurtz,A Ch 
[3] 55 466 , 56, 342 , 61 161 , Kekul6, A Ch 
60, 127 , Odimg, P M , IS 368 , Thomsen, 
Thermochcmischs Untersuchungen, i , P 138 
65, 208, 498 , 139 193 , 140 88, 630 , Berthe- 
lot, C B 75 264, 436, 480, 638, 683 , 87 671 
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ACIDS, BASICITY OF — It has been shown 
in the art Acids (q v ) that some acids react 
with the hydroxide (or oxide) of potassium or 
sodium to form only one salt whereas other 
acids by a similar reaction produce more than a 
single salt The former acids are called mono 
basic, the latter poly basic It was also shown 
in the art Acids that the basicity of an acid 
may be determined by an exammation of the 
heat of neutralisation of the acid The thermal 
value of the reaction of a monobasic acid with 
a base, in dilute aqueous solutions, is indepen- 
dent of the ratio between the numbers of equi 
valents of acid and base used, provided not less 
than one equivalent of base is mixed with a 
single equivalent of acid , but the thermal value 
of the reaction of a polybasic acid with a base 
varies according as 1, 2, 3, <fec equivalents of 
base react with one equivalent of acid If the 
thermal reactions which occur when acids and 
bases react m equivalent quantities, and m di- 
lute aqueous solutions, are more closely exa- 
mined it is found that the dibasic and tnbasio 
acids fall into certam classes Thomsen has 
especially examined thus subject {Th 1) The 
quantity of heat produced dunng tne neutralisa 
tion of a dibasic acid is sometimes divisible into 
two exactly equal parts, accordmg as one or two 
formula weights of soda are allowed to react 
with one formula-weight of the acid In other 
cases the thermal v^ue of each stage of the 
total operation is different Thus consider the 
followmg data 

[H»SiP*Aq, NaOHAq]- 18,800 [H-SO-Aq, Na0HAq}=» 

14,75^ 

[HWAq, lNaOHAqJ*lx 18,300 [H’80*Aq, SNaOHAqf 
= (2xl4,7W)+l,»00. 
tH2SO»Aq, NaOHAq]« 16,860 
[H‘SO*Aq, 2NaOHAq]- (2 x 16,860) - 2.760 

Each of these three acias represents a group. 
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ThomKn divides the dibasic acids examined by 
him into three groups according as the thermal 
value of the action of the second formula weight 
of soda 18 (1) equal to, (2) greater than, or (3) 
smaller than, the value of the action of the first 
formula weight 

The data are presented in the following 
table — 

Group I 

Heat prodace^ in action of 

NaOH Add 

H SIP, 

1st formula weight 13,300 13,600 

2nd „ „ 13,300 13,600 

Group II 

H.SO H ^eO HC,0 EC H,0, 
1st „ „ 14,750 14,750 13 850 12,450 

2nd „ w 16,650 15,650 14,450 12,850 

Group III 

H,SO, n.SeO, H CO, H,B,0 
1st „ „ 15,850 14,7o0 11,000 11,100 

2nd „ „ 13,100 12,250 9,150 8,900 

n,Cr0, H,PH0, C H (CO.H), 
1st „ „ 13,150 14,850 12,400 

2nd „ „ 11,550 13,600 11,750 

The tnbasic acids examined by Thomsen 
may also be classified according as the thermal 
value of the action of the second formula weight 
of soda IS greater or smaller than that of the 
first, and the value of the action of the third 
formula weight is greater or smaller than that 
of the second The data are as follows — 

Group I 

Add 

Heat produced In action H C,H,0 H C,H,0, 
of NaOH (Acoriitic Acid) (Citric Acid) 


1st formula weight 

12,850 

12,650 

2nd „ „ 

12,950 

12,800 

8rd „ 

13,350 

13,550 

Gboup II 


Heat produced In action of 
NaOH 

Acid 

H^AsO. 

H,PO, 

ist formula weight 

15,000 

14,850 

2nd „ „ 

12,600 

12,250 

8rd „ „ 

8,350 

6,950 


Group I of the tnbasic acids corresponds to 
Group II of the dibasic, and Group II of the 
tnbasic, to Group III of the dibasic, acids 
Thomsen suggests that this classification of 
dibasic and tnbasic acids may be summarised 
in the followmg typical formulas — 

Dibasic Acids. 

} Typical formuU I EH, ap S1P,H., 
G«“pn I » 80.(0H)., 

otoipUL} - {e(OH)H.p BO.(OH)H 

Tribisio Acids 

G«lp II } Slu i ‘ <' HP0.(0H)H 

As regards dibasic acids , in the case of every 
acid examined by Thomsen, except two, the 
Cxiermal value of the action of the first quantity 
of soda added is different from that of the 
second, equal, quantity of soda The first of 
the typical formulas suggested by Thomsen for 
the tl^ee classes of dibasic acids is probably to 


be assigned to H^PtCL and H^iF, only Why 
should the formula ratW than R(OK)H 

be assigned to the acids of Group II ? The 
formula R(OH)H would mdicate the easy separa 
tion of the acids into anhydride (R) and water 
(OHH) But the acids placed in Group II^ are, 
as a class, more easily separable into anhydride 
and water than those placed m Group II II 
the differences between the thermal values of 
the first and second quantities of soda acting on 
the acids of Group III are tabalated we have 
this result H,SO, = 2,750, HaSeO^ - 2,500 , 

H CO, = 1,850 , = 2 200 , H,CrO, » 1 600 , 

H,PH 03 = 1 , 250 ,C H,(CO JI), = 650 Thesedififer 
ences vary from 9 5 (H^SOj) to 2 7 (C^H 4 (CO^H)^) 
per cent of the total heat of neutrahsation 
We have good evidence in support of the state 
ment that succinic acid is a dihydroxyl com 
pound , therefore, although it occurs in Thom 
sen’s third group, we must place it with those 
acids the typical formula of which is R(OI^)^, t r 
with the acids of Group II The other acids of 
Group III are fairly easily separable into an 
hydride and water The formula CO^(OH)H 
for carbonic acid is to some extent confirmed by 
the fact that the higher homologues of this acid 
although dihydric are distinctly monobasic If 
the differences between the thermal values of the 
first and second quantities of soda acting on the 
acids of Group II are tabulated we have this 
result H SO, = 1,900 , H SeO, = 900 , * 

1600, HH, 0,06 = 400 These differences vary 

from 6 (H^SO,) to 1 5 (H2H4C,0J per cent of 
the total heat of neutralisation The differences 
in the case of acids of Group III are consider 
ably larger than these When the difference 
between the thermal values under consideration 
18 small, and, as a rule, the value of the second 
quantity of soda is greater than that of the first, 
Thomsen regards the acid as, generally speaking, 
belonging to the type R(OH) 2 , when the differ 
ence in question is large and the value of the 
second quantity of soda is, as a rule, smaller than 
that of the first, the acid is regarded as belong- 
ing to the type R(OH)H 

These thermal investigations made by Thom 
sen point to the performance of definite functions 
by the different hydrogen atoms in the chemi 
cally reacting unit, or group of atoms, of many 
polybasic acids Although the reacting unit of 
a tnbasic acid contains three atoms of hydrogen 
all replaceable by metal under similar conditions, 
nevertheless the energy change which accom 
pames any one of these replacements is often 
different from the energy change which accom 
pames the other replacements , hence we seem 
justified m concluding that each of the replace 
able atoms of hydrogen in these acids is related 
to the rest of the atoms, which with the specified 
atom make up the chemically reacting unit of 
the acid, m a way different from that wherein 
the other replaceable atoms of hydrogen are 
related to the rest of the atomic complex in 
question 

In such acids as H^SOg, HgPO^, it is 
necessary to exhibit the differences of function 
of the different replaceable atoms of hydrogen 
by formulsD which represent some of these acids 
as containing one OH group, others as contain 
ing two OH groups, and others three OH grou^ , 
but acids are known the reactions of which 
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oblige na to aav thaf the't Contain more than one 
OH group, and at the tame time to assert that 
each of these groups plays a different part in 
the reactions of the acid Thus, glycollic acid 
CH^CH COOH 18 a monobasic acid , the heat of 
neutralisation of thi^ acid is 

[CH^OH COOHAq, NtfOHAq] - 13,600 
/De Forcrand, C R 9b, 582) , but the addition 
of a second equivalent of soda to the neutral 
salt IS attended with the production of a small 
quantity of heat 

[CH OH COONaAq, NaOHAq] = 4,200 
(id , Bl [2] 40, 104) The disodium glycollate 
thus formed is, however, an easily decomposed 
compound Another monobasic acid, glyoxyiic, is 
known, having the composition CH{OH)^ COOH , 
this acid forms a definite sodium salt, an aqueous 
solution of which reacts with soda with the 
loduction of nearly one sixth the quantity of 
eat produced by the reaction of the first equiva- 
lent of soda on the acid The data are these 
(De Forcrand, C R 101, 1495) — 

[CH(OH)^COOHAq, NaOHAq] = 13,230 , 
[CH(OH)' COONaAq, NaOHAq] = 2,000 
Here we have a very distinct illustration of the 
connections between thermal changes and the 
modification in the nature of the reaction of a 
specified group of atoms produced by the rela 
tions of that group to the other atoms, or group 
of atoms, in the chemically reacting unit of an 
acid (v further Affinity , especially pp 74, 75) 
M M P M 

ACIDS, OBGAKIC The empirical formula of 
acetic acid CgH^Oj has been expanded into the 
structural formula CHjCO OH by reason of 
the following considerations One fourth of 
the hydrogen of acetic acid is displaceable by 
metals hence we write CgHsO^H By the 
action of PClj, acetic acid may be made to 
exchange the same quantity of hydrogen toge 
ther with half its oxygen for chlorine, producing 
acetyl chloride, C^,OCl hence we write 
C^jO OH In the electrolysis of potassium 
acetate, ethane and carbonic acid are produced 
at the positive pole, potassium being formed at 
the negative pole This decomposition may be 
represented thus , C^jO^K = K COj + CH, , but 
methyl, CH 3 , is immediately polymerised, be 
coming ethane, This experiment shows 

that half of the caibon in acetic acid is inti 
mately connected with oxygen, the other half 
being connected especially with hydrogen hence 
we write, finally, CH, CO O H 

Analogous reasoning applied to other organic 
acids, very frequently leads to a similar formula, 
c p in the case of succinic acid to the formula 
O^jeO 0 H )2 The acid character of these 
bodies 18 undoubtedly connected with the group 
COO H or COjH, called carboxyl, and it is easy 
to generalise and say that all 01 game acids that 
are free from sulphur, phosphorus, arsenic or 
silicon, contain carboxyl Kekul4, therefore, 
considers that the basicity of an organic acid is 
determined solely by the number of carboxyls 
it contains Such a conclusion can, however, 
only be mamtamed, by defining an organic acid 
as a substance containing carboxyl If this 
definition be accepted, it follows of course that 
ail organic acids do contain oarboxyL But if 
we wish to let experm^pit guide ns, we must 
adopt some other definition, sneh as that an 


acid IS a substance that oontams hydrogoci 
which can be displaced by metals with the 
formation of a metallic compound not decom- 
posable by water According to this defi 
nition, phenol, pyrogallic acid, mtro-ethane, and 
even the propargyl derivatives and perhaps 
acetylene, are acids Compounds like sugar- 
lime are not necessarily salts, for the calcium 
need not have displaced any hydrogen in the 
sugar, but may have added itself in some way 

Sodic carbonate gives off COj when mixed 
with solutions of strong acids, if we adopt 
effervescence with sodic carbonate as a test of 
acidity, we shall consider the compounds just 
mentioned to be neutral bodies, but the nitro 
phenols and barbituric acid will still be acids 
In testing with sodic carbonate we assume that 
carbonic acid is the weakest of all acids , this is 
a mere convention, the fact being that there is 
no definite line of demarcation between acids 
and neutral bodies, the two series shadmg off 
imperceptibly into one another 

It will be noticed that the acidity of phenol 
IS greatly increased by the mtroduction of 
nitroxyl In general, the displaceable hydrogen 
in an acid must be directly and indirectly 
attached to strong chlorous (or electro negative) 
elements or radicles, for it is the balance of 
affinities between these elements or radicles 
and the metal that produces the stabihty of the 
salt In carboxylic salts one 0 directly, and 
CO indirectly, neutralise or balance the metal, 
say sodium, forming the stable group CO 0 Na 

In sodium nitro phenol, NOj C«H^ 0 Na, the 
sodium IS balanced by 0 directly and by NO, 
indirectly In sodium nitrate, NO^ 0 Na, the 
condition of the molecule is similar {v also 
Aceto acetic acid, p 22) Too many or too few 
chlorous groups weaken an acid, for the equili 
brium of its salts is thereby destroyed Thus 
aldehyde, CH, CO H is a neutral body, while 
hvdric hypochlorite, Cl OH, is a weaker acid 
than Cl H 

For purposes of classification, it is most con 
venient to arrange acids according to their 
structural formulas Compounds whose structu- 
ral foiraulas exhibit closed rings, each containing 
more than two atoms, are classed as aromatic, 
a term that is more particularly applied to the 
derivatives of benzene , all other orgamo com- 
pounds belong to the fatty senes 

Carboxylic acids of each series may be ar 
ranged according to their formulss and general 
characters as follows 

A Fatty Series 

(a) Monocarboxylic acids a Mono-hydriQ< 
Series I, C.H^nO, or Acetic Senes, Series II, 
C^Hj^.^O, or Acrylic Senes , Series III, 
C^H^n.^Oj or Propiolio Series, Senes IV, 

! CnHjB-jO,, eg tn ethenyl butyric — 3 Di hy 
dr JO Senes I CnH^^Og or Lactic Senes, 

Series II, C.H^^.sO,, e g Oxy acryhc , Senes III, 
C^Hj^.^O,, eg oxypentinoic — y Tn hydrio 
C^H^nOg or Glyceric Senes — 5 Ketonic 
Senes I, C^H^,, jbv « 9 acetic acid , Series 

II, C^H^.gO,, e g allyl aceto acetic acid , Senes 

III, C-^.gOg, eg da allyl aceto acetic acid — 
€ DiJietonic OJS,,. 404 ,«.p acetyl-aoeto-aoeuc 
acid 

(5) Di’earboa^ltc acids tu Di-hy^ 
dr 1C Series I, or Oxalic Senes; 
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Series IT, O.H„_404, fumaric acid, Seriea 
ni, e g acetylene di carboxylic 

acid , bones IV, CbHj,_,o04, eg di acetylene 
di carboxylic acid — /3 Tri hydno Series I, 
malic senes, Series II, 
eg oxy itaconic acid — y Tetra hydno, 
tartaric acid — 5 Penta-hydrio, 
eg tri oxy adipio acid — « Hex a 
hydno, C„H^„_208, eg saccharic acid — ( 
ketonio, C„H*,-40a, e g acetyl succinic acid — 
ti Diketonic, C,,H^_aOa. ^g di-acetyl suc- 
cinic acid 

(c) Trt carboxylic acids a. Tn hydnc 
Series I, C„H2n-408, e g tricarballyho acid , 
Senes H, e g acomtic acid 

Tetra hydnc C„H2„_40„ eg citric acid — 
y Penta hydno eg desoxalio 

acid — 8 Ketonio eg acetyl tn 

carballylic acid 

(d) Tetra ca7 boxylic acids a Tetra hydno 
CoHa.gOg, e g ethane tetra-carboxylic acid 

B Aromatic Series It is obvious that 
when rings of atoms are mtroduced into the 
structural formuleo, the empirical formulaa be 
come very complicated We shall therefore not 
attempt fully to classify the aromatic acids 
The most important senes are as follows 

(a) Mono carboxylic acids ^ a Mono hydnc 
« 0 benzoic acid , e g 

cinnamic acid, eg phenyl pro 

piolio acid, , eg naphthoic acid, 

CnH2,-,«0^ eg di phenic acid, 
phenyl-cinnamic acid , e g anthra 

cene carboxylic acid , eg tn phenyl 

acetic acid — /3 Di hydno C.H^.gO,, eg 
sahcyhc acid , C„H«„_,o03, e g coumaric acid — 
y Tn hydnc C„H.^.804, eg protocatechuio 
acid, e g oxy coumaric acid — 5 

Tetra- hydno, eg gallic acid — 

f Ketonic C„H2n_|(,04, eg oxy acetophenone 
carboxyhc acid 

{b) Di-carboxylic acids a Di hydno 
CnHs^.gO^, e g hydro terephthahc acid , 
CnH^.,o04, eg phthalicaoid — tri-hydrio 
CnH^.igOg, e g oxy phthalic acid 

The more complicated aromatic acids may 
be classified m a similar way It will be seen 
that they are all poorer in hydrogen than the 
corresponding fatty acids 

Organic Acids m general — Occurrence In 
the vegetable kingdom, e g oxalic, malic, tartaric, 
benzoic, sahcyhc, cinnamic, veratnc, gallic, 
and tannic acids In ammal juices and secre- 
tions, eg lactic, sarcolactic, uric, hippuno, 
glycochoho, and taurochohc acids In decaying 
orgamsed matter, eg acetic, butync, valenc, 
amido propiomc, amido-hexoio, and glutamic 
acids 

Formation — 1 By decomposing products of 
the animal or vegetable kingdom by boilmg 
with dilute acids, e g amido acetic, aspartic 
and glutamic acida — 2 From fats and fatty 
oils by boilmg with alkalis, e g steanc, palmitic, 
and oleic acids — 8 From resins by potash- 
fusion, e g jp-oxy benzoic and protocatechuio 
ac^ds — 4 By boihng a variety of substances 
with dilute nitno acid (SGI 2), e^ oxahc and 
tartanc acids from sugar and other oarbo 
hydrates — 6 By oxidising aromatic hydro- 
carbons and other bodies with chromic mixture 
(U pts of 3 pts of H ^4 and 8 to 6 


parts of water), eg benzoic and ierephthalle 
acids — 6 By oxidation with KMn 04 , e g vanilho 
acid from coniferin, pyndme carboxyhc acids 
from methyl pyridines — 7 From mtnlos by 
boihng With KOH, e g acetic and succinic 'xids. 
Unstable nitriles must be first converted into 
amides by cold oonc HCl, and the anudes may 
then be turned mto acids by boihng dilute HCl 
e g pyruvic acid (Claisen) The nitriles may be 
prepared from alkyl chlorides or potassic alkyl 
sulphates by distilling with KCy or digesting 
with HgCyj No nitriles of the form XYC(CN), 
aie known (Claus), hence derivatives of maloiuo 
acid cannot be prepared in this way — 8 By the 
oxidation of primary alcohols X CH^ OH + 0, » 
X CO OH + H^O Secondary and tertiary alco 
hols can only produce acids with a less number 
of carbon atoms, e q CH, CH(OH) CH, + oO =* 
CHgCO^ + COgH. + H.O 

Preparation — The acids may be separated 
from insoluble neutral and alkaline substances 
by solution in aqueous potash , they may then 
be liberated by H^S 04 purified by one of the 
following methods 

(а ) If they are volatile, they are distilled 
alone or with steam 

(б ) By conversion into a lead, banum, or 
silver salt and, if possible, punfjing the salt by 
crystallisation The lead salt is then decom- 
posed by H_jS, the barium salt by the calculated 
quantity of H^SO^, and the silver salt either by 
H^b or by the calculated quantity of HCl 

(c ) By acidifying and extracting with ether 
A large number of acids are soluble m ether 

Reactions — 1 Organic acids may be con 
verted into ethers in two principal ways (a ) By 
distilling with an alcohol and dilute H^S04 The 
reaction may be supposed to take place in two 
stages , the preparation of acetic ether may be 
thus represented 

EtOH + H 2 SO 4 - EtHS04 + H,0 
EtHS 04 + HOAc = EtOAo + H,S 04 
(h) If an acid is non volatile, it is ^ssolved In 
the alcohol and the liquid is saturated with 
HCl After some hours the solution is poured 
into water and the ppd ether distilled, if pos 
Bible, in vacuo , the reactions may be thus 
represented 

EtOH + HCl = EtCl + H,0 
EtCl + HOAc « EtOAo + HCl 
It IB not necessary that HCl or H^S 04 should be 
present m order that etherification may take 
place, for if equivalent quantities of an acid 
and an alcohol be left in contact or heated 
together for a sufficiently long tune, from 64 to 
74 pc will react upon each other, forming 
an ether The rate at which the reaction takes 
place IS greatest for acids of the formula 
X CHiyCOjH, slower for so called secoriaiy 
acids, XYCH CO^, and slowest for tertiary 
acids of the type XYZ C CO^, where X, Y and Z 
are alkyls (Menschutkin, v Chbmioal OuahqbI — 
2 Chlorides of phosphorus convert acids or tneir 
salts mto acid chlorides of the form X.CO 01 
These are usually soluble m ether, and are 
decomposed by water, more or less rapidly, mto 
HCl and the acid ]^C0 OH Oxy acids ex 
change not only their oarboxyho hydroxyl for 
Cl, but also their other hydroxyls , but the 
chlorides so produced are not reconverted by 
water mto the original acid but only mto ohloro* 



ACIDS, ORGANrO 


iQ;td8 , tl^s laotic ac’d, CH, CH(OH) CO^H, 
ta concerted by POl^ into lactyl onlonde, 
CH* OHOLCOOl, whence water reproduces ohloro 
propionic acid, CBL, CHCl CO^ The chlorides 
act *ipon diy nitrates of the heavy metals (Ag, 
Pb, Cu, Zn, and Hg)»producing anhydrides, 

2Ph COCl-fPb(NO,)2=. 

(Ph C0)20 + PbCl, + + 0 

(Lachowicz, B 18, 2990) — 3 Amides are formed 
by the action»of NH, either upon the chlorides 
XC0C1 + 2NH, = XC0NH2 + NH,C1, or ethers 
X CO OEt - NH, = X CO NH, -f HOEt The am 
idos are usually crystalline substances, and their 
melting points form important means of recog 
nising the various acids — 4 Acetyl chloride 
Converts acids into anhydndes {v Acetyl 
citlobide) — 6 COCl, converts salts into anhy 
drides — 6 By heating with CaO or BaO, or 
sometimes by heating alone, CO can be elimi 
nated from the carboxyls — 7 Dry distillation of 
calcium or barium salts usually produces ketones 
{q v) — 8 Distillation of calcium salts with cal 
cium formate usually produces aldehydes {q v ) 

Salts — Salts are formed by neutralising the 
acids with metallic oxides or carbonates They 
can be conveniently obtained by the addition of 
metallic sulphates or soluble carbonates to a 
solution of the barium salt of th#* acid, or of 
soluble chlorides to the solution of the silver 
salt Sodium, added to ethereal or alcoholic 
solutions of oxy acids, displaces not only carbo 
xyho but also hydroxyho hydrogen The 
compounds so produced are, m many cases, 
partly decomposed by water, the sodium that has 
displaced alcoholic hydroxyl being turned out 
again, e g CH, CH(ONa) CO,Na + H,0 =» 

CH, CH(OH) CO ,Na + NaOH 
The silver salt is usually the least soluble, and is 
frequently used m determming the molecular 
weight of an acid , for when the basicity of an 
acid 18 known the molecular weight can be de 
duced from the percentage of silver left after 
strongly heating the salt Silver salts seldom 
eontain water of crystalhsation 

Acetic Senes CnH,„Oa Nomenclature — 
The following names are employed in this die 
tionary, the numbers denotmg the value of n 
1 formic acid, 2 acetic acid, 3 propionic 
acid, 4 butyric acid, 6 valeric acid, 6 hexoio 
acid*oaproic acid, 7 heptoic acid =* oenanthic 
acid, 8 ootoio acid =* caprilic acid, 9 ennoic 
acidt^nonyhc acid = pelargonic acid, 10 decoio 
acid-=capric a’feid, 11 hendecoic acid = undecylic 
acid, 12 dodecoic acid=launo acid, 13 tridecoic 
acid, 14 tetradeooio = myristic acid, 15 pentade 
coic acid, 16 palmitic acid => hexadecoic acid, 
17 heptadecoic acid, 18 stearic acid « octodecoic, 
19 enendecoio acid-arachio acid, 20 behenio 
Mid — looBoic acid 

Formation — Besides the general methods 
described above, the following may be noticed — 
1 The action of COj upon sodium alkyls, eg 
NaOjjHj + CO, » OO^a This gives one 
method for preparing fatty acids from com 
pounds containing a fewer number of atoms of 
carbon m the molecule , another method depends 
upon the saponification of alkyl cyanides {v 
§uwa) — 2 The action of strong KOH upon 
kylatw aceto acetic ethers (<7 v ) — 8 The dis 
liUation of alkyl-malomo acids XYC^COgH),- 
XYCH GO,H + OOy, s^ere X and Y majr be 


alkyls or hydrogen Other di basic acids art 
decomposed in a similar way when their solo 
tions are mixed with uranium nitrate solution and 
exposed to sunlight — 5 By heating sodium alco- 
holates with CO gas NaOEt -i- CO = EtCO^a — 

6 By reduemg oxy acids by heatmg with HI — 

7 By reducing unsaturated acids by HI or so 
dium amalgam 

Reactions — 1 Dry distillation of salts of ths 
alkaline earths or alkalis produces ketones e g 
Ca(0 CO Me), - CaCO, + COMe, 

2 Distillation of a mixture of such salts of two 
acids produces mixed ketones 

KO CO Me ^ KO CO Et - K^COg + Me CO Et 
If one of the sa^ts be a formate the product is an 
aldehvde 

KO CO Me + KO CO H = K CO, + Me CO H 

3 Distillation of a salt of a fatty acid with an 
alkaline hydrate produces a hydrocarbon 

KO CO Me + KO H = K,CO, f MeH 

4 Distillation of the alkaline saltsw ith As^O, 
gives organic compounds containing Arsenic (2 v ) 

5 Electrolysis gnes saturated hydrocarbons 

CO,K = K, -f 2CO, 

6 Chlorine and bromine act by substitution, 
not by addition — 7 Distillation in a current of 
steam of the mixture of stearic, palmitic, and 
oleic acids got from fat slightly decomposes 
them, forming all acids of the series from formic 
to octoic (Cahours a Demargay, C R 90, 156) 

SyniJ^sts — The acids of the acetic series 
may be built up in the following way — (a) 
NaMe is converted into NaCO^kle, or sodic 
acetate, by CO, (\\ anklyn) — (6) Sodio acetate 13 
converted into ethyl alcohol in one of three ways 
a It 18 converted by POCl, into ACgO, and this is 
reduced by sodium amalgam (Lmnemann) — 
/3 Ammonio acetate is prepared, and is con 
verted by PjO, into acetonitrile NZ^CO^Me^ 
2 H 2 O + NCMe , the nitrile is then reduced by Zn 
and HgSOZMendius) to an amine NCMe + 2Hj=» 
H N CH,Me, which is converted by nitrous 
acid into an alcohol H,N CH,Me + HNO, =* 
HO CH Me + N, + H,0 This last reaction is, 
however, accompanied by an mtra molecular 
change m the case of ^1 the amines except 
ethylamine and methylamine, as a result of 
this change n propylamine gives rise to secon 
dary as well as n propyl alcohol — 7 The sodio 
acetate is mixed with sodic formate and distilled, 
the aldehyde thus got is reduced to alcohol by 
sodium amalgam (Lieben a Rossi), or the oxim 
of the aldehyde is reduced to an amine which la 
then treated with nitrous acid — (c) Etlijl ^lcohol 
BO prepared can now be tinned into ethyl iodide, 
zinc ethide, and sodium ethide, successively 

A lepetition of processes (a), (b) and (c) upon 
NaEt will produce sodic propionate, propyl 
alcohol, and sodic propide successively, and so 
we can build up the series of fatty acids 

Instead of using the sodium alkyls, it is 
I more convement to use alkyl cyanides, the 
process is then (a) convert methyl alcohol mto 
methyl cyamde, and this, by saponihcation, into 
acetic acid , (b) convert acetic acid mto ethyl 
alcohol by one of the three processes, a, or y, 
just mentioned , (c) convert ethyl alcohof into 
ethyl cyanide, and proceed as before to prepare 
propiomo acid, propyl alcohol (kc> The acids of 
the acetic senes may also be prepared syntheU- 
cally with the aid of aceto aeeUc ether (p 22/ or 
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of malonic ether (q v) In this way any acid of 
the form CHXY COj^H, where X and Y are alkyls, 
can be prepared 

The descent of the acetic series may be 
effected by distilling each acid with soda lime, 
whereby a hydrocarbon containing one atom of 
carbon less is got , this hydrocarbon is con 
verted by chlorine into an alkyl chloride, whence 
by successive treatment with AgOAo and KOH 
an alcohol may be formed 

The descent may also be effected by convert- 
ing the acid into an amide, mixing this with 
bromine and pouiing the mixture into a 10 per 
cent solution of NaOH An amine, a nitrile, 
and a derivative of urea are then formed, the 
ammo and the nitrile contain one atom of 
carbon less than the amide The amine may 
be turned into an alcohol by nitrous acid, and 
then oxidised to an acid , while the nitrile gives 
the acid on mere saponification The amides 
containing at least 8 carbon atoms yield large 
quantities of nitrile, while the lower amides 
produce chiefly amine (Hofmann, B 17, 1408) 
The descent through nitrile from eimoic to 
cxJtoic acid may be thus represented 

C„H„CONH, + SBr^ + 8NaOH = 

C H, CN + GNaBr + Na CO, + GH,0 
C H,,CN + KOH + H 0 = C H, ,CO K + NH, 
Melting Points — While the boiling points of 
the acetic series of acids gradually rise with 
each increment of CH^, the melting points of 
those acids that contain an odd number of 
atoms of carbon appear to be lower than those 
of the acids that contain one atom of carbon 
less 


capnlio 

[16 5°] 

pelargonic 

[12 6°] 

capnc 

[30°] 

hendecoio 

[28 5°] 

launo 

[43°] 

tndecoic 

[40 S'’] 

myristic 

[53 8°] 

pentadecoic 

[51°] 

palmitic 

[62°] 

margaric 

[69 9°J 

stearic 

[69°] 

enendecoic 

[69 9°] 

arachic 

[75°J 

medullic (?) 

[72 5°] 

Isomerism among the fatty acids 

will be dis 


eussed under Classification {v also Isomekism) 
Separation of two volatile acids — Divide the 
acid into two equal parts, neutralise one with 
potash, add the other and distil The most 
volatile acid will pass over in preference to the 
other , and if it constitutes more than half the 
entire mixture, the distillate will consist solely 
of this acid If, however, the less volatile acid 
be in excess, the residue will consist of its 
potassium salt in a pure state The operation 
is repeated upon whichever portion is still a 
mixture Acetic acid is an exception to the 
rule, for although it be the more volatile acid, 
it will remain behind as acid potassium acetate 
(Liebig, A 71, 35d) If the distillation be 
performed m aqueous solution in a current of 
Bteam, the acid of highest molecular weight 
goes over firet (Hecht, A 209, 819) 

Separation of fixed acids — An alcoholic solu- 
tion of the mixture of acids is fractionally preci- 
pitated by a cone aqueous solution of magnesium 
or barium acetate or by an alcoholic solution of 
leadcaoetate In the senes of pps so got, the 
first contains the acid of highest molecular 
weight ti^ the last the acid of lowest molecular 
weight EAch fraction is decomposed by boilmg 
dilute ECl and the meltmg point taken If a 
senes oi oonseoutive fraetums eoutains a<nds of 


. identical melting point that acid mt!j be con 
sidered pure, otherwise the process must-be re 
peated upon each fraction (Hemtz, J pr 66, 1 ; 
A 92,295) 

Acrylic Series Nomemlatme — 

n = 3, acrylic , 4, crotonic , S, angehc , 6, hexen- 
oic , 7, heptenoio , • 8, octenoio » suberonic; 

9, ennenoic , 10, decenoic - campholic , 11, hen- 
decenoic = undecylenic , 12, dodecenoic , 14, to- 
tradecenoic, 15, pentadcCenoio =«cimicic , 10, 
hexadecenoic — hypogaeic , 18, oleic octodecen- 
oic , 19, doeglic =» enendecenoic , 22, erucio and 
brassic acids 

Occurrence —As compound ethers m fats and 
oils, e g oleic acid 

Formation — 1 From /8 , and sometimes 
from a , bromo or lodo derivatives of the acetio 
series by boiling with alkalis or Ag,0 
CH,I CH,CO,K + KOH = 

CH, CH CO,K + KI fHO 

2 From jB oxy acids, by distillation 

CHOHCH COH = H,0-fCH CH CO^ 

3 From certain 3 oxv ethers by PCI, 

3CMe OH CO,Et + 2PCl,» 

3CxMe,Cl CO^t^- P 3HC1 
CMe,Cl CO,Et - CH CMe CO,Et + HCl 
(Frankland a Duppa, C J [2j 3, 133) Similarly 
Me,C(OH) CH, CO JB.t gives Me,C CH CO,Et - 
I 4 Fiom derivatives of aceto acetic or^malonio 
ethers containing allyl, ethylene, Ac — 6 By 
I Perkin’s reaction, by heating aldehydes, C^Hj^O, 

‘ with sodic acetate and Ac 0 {v Aldehydes) 

Properties — As in the acetic series, the lower 
members of the acrylic senes are volatile liquids 
miscible with water Solubility and specific 
gravity dimmish as molecular weight and boiling 
point increase The higher members are non- 
volatile and inaoluble m water 

Reactions — 1 The acids of this series con- 
tain the group C C and consequently combine 
directly with bromine and chlorine, usually with 
I HBr or HI m cone solution, and frequently with 
H,, the latter combination is effected either by 
action of sodium amalgam on a solution m water 
or alcohol or by heating with cone HI — 2 
Fusion with potash produces two acids, one of 
which 18 almost alwavs acetic acid The mole 
cular formula is split up m the middle of the 
group C C, e ^ 

CH, CH CH CO,H + 2KOH - 

CH,CO,K . H CH CO,K + H,. 

3 Boiled dilute with H^SO^, thej^ often change 
into the lactone of saturated oxy acids thus 
hydro sorbic acid, CH, CH CH CH, CH, CO,H, 
changes into oxy hexo lactone, 

CH, CH, CH CH, CH, CO 0 

I I 

4 Many of the higher members are pcHy-*" 
merised by nitrous acid 

Series C„H,, ,0,. Nomenclature — n « 8 Pro* 
piolic, 4, tetrolic, 5, pentinoic, 6, hexinoio » sorbic; 
7, heptinoio <= benzoleio , 8, octmoic » di edlyl 
acetic, 9, lauronoho = enninoio , 10, camphio«» c 
decinoic , 11, hendecmoio » undeoolio , 14. 

xnynstolic » tetradeomoio , 15, pentadecinoie , 
16, palmitolicohexadeoinoio , 17, elffiomor* 
gano » heptadecmoio , 18, stearolio » ootodeci* 
noio, 22, behenoho 

Formation.- Fromd}£bromi]lated(ordi-ohlo^ 
meted) acids of ths aoetio senes, or mono- 
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bK>min{itdd acids of the acrylic series by treat- 
EUent with alcoholic KOH* 

Reactions —Combine with Br, or with Br4, 
olso with HBr or 2Hr.r, and with and some 
times with H* 

Lactic Senes Nomenclature — n - 

2, Glycollic , 3, lactic , and hydracrylic , 4, 

oxybutyric , 5, oxy valeric , G, oxy hexoic &c — 
oxy being prefixed to the names used in the 
acetic series 

Formation — 1 By the general methods 
thus (7) by saponification of oxy nitriles, (8) by 
oxidation of glycols — 2 From bromo , chloro 
or lodo derivatives of the acetic series by dis- 
placing the halogen by hydroxyl (a) by boiling 
\ith much water, (5) by moist Ag^O, or (c) by 
KOHAq — 3 From amido acids by nitrous acid 
4 Fiom aldehydes or ketones by addition of 
HCN followed by saponification of the resulting 
cyanhydnn by HCl 

CH, CHO + HCN = CH3 CH(OH) CN 
CH, CH(OH) CN + HCl + 211,0 - 
CH, CH(OH) CO,H H- NH,C1 
6 By oxidation of acids containing methenyl 
(CH,),CH CO H -f O = (CH3),C(0H) C0,H 

6 By action of zinc alkyls on oxalic ethers 

CO,Et CO Et + 2ZnLt2 = 

CO Et CEt, OZnEt + EtZnOEt, 
CO,EtCEt OZnEt + 2H,0=. 

CO Lt CEt OH + Zn(OH), f CjH, 

7 By reduction of ketonic acids 

lieactions — The action of PCl^ and of Na, and 
the characters of the resulting compounds have 
been discussed above The oxy acids act as half 
alcohol and half acid Thus they form two kinds of 
monoeth j he cthei s,one of the foi m IF (OH) CO,Et, 
the other of the form it '(OLt) CO,H The 
ethers B '(OH) CO,Et possess all the characters 
of an ethyl salt of an acid Thus they may be I 
prepared in the usual way fiom the ac d, 
alcohol, and HCl , they may be saponified easily 
by alkalis , they are converted by ammonia 
into amides B '(OH) CONH, , they are neutral 
to litmus The ethers of the form B"(OEt) CO,H 
can be prepared by saponifying the diethyho 
ethers B"(OEt) CO Et and these are got from 
K"C1 CO,Et by action of NaOEt The ethers 
B"(OEt) CO,H cannot be saponified by alkahs , 
are only converted into ammonium salts, 
B '(OEt) COjjNH^, by ammonia , and are acid 
to litmus 

o oxy acids !ire split up by boiling cone HCl 
Into formic acid and aldehydes 

CH, CH(OH) CO,H = CH3 CHO + HCO,H 
/B oxy acids boiled with cone HCl give H^O and 
on acid of the acrylic senes 

CH3OH CH, CO3H = CHj CH COjH + HjO 
y oxy acids split up, when their solution is 
warmed, into water and lactones {q v) 

CH, CH(OH) CH, CH, CO^H « 

CH3 CH CH, CH,CO O + H3O 

On dry distillation, the a oxy acids of the form 
E' CH(OH) CO,H produce lactides, or compound 

ethers of the form The 

$ oxy acids are oonverted by dry distillation 
into unsaturated acids 

B' CH(OH) CH^CO^H » R' OH CH CO^R -»• H,0, 
or into an aldehyde an^ an acid • 


CH, CH(OH) CRB' COM = 

CH, CHO + HCRB'CO,H 

Ketouio acids Carboxylic acids represented 
by formuliB in which carbonyl is united to two 
atoms of carbon The preparation and pro- 
perties of the ketonic acids got by displacing one 
or two atoms of hydrogen in aceto acetic acid by 
hydrocarbon radicles are described under Aceto- 
ACETic ACID Homologues of aceto acetic acid in 
which carbonyl and carboxyl are not both united 
to the same atom of carbon are described 
as alkoyl derivatives of fatty acids , thus, 
CH, CH CO CH, CH, CO,H is described as Pao 

PIONYL PROPIONIC ACID 

Ketonic acids containing two carboxyls are 
described as dern atives of di basic acids, thus 
CH3 CO CH(CO H) CH, CO,H is described su 
acetyl succinic acid 

Ketonic acids of the form R'CO CO,H can be 
prepared from cyanides of the form E' CO CN, 
and also, in thf aromatic senes, by the action of 
HgPh, Ac , on CICO CO,Et 

Di-basic acids, C„H „.,0, 

Formation — 1 By oxidation of the corre- 
sponding glycols — 2 By boiling the cyanides of 
alkylenes with potash Alkyhdene cyanides do 
not exist (Claus) —3 By saponification of cyano 
acids, C„H,„_,CyO« — 4 By reduction of un- 
saturated di basic acids -5 By action of 
reduced silver upon lodo acids [e g formation of 
adipic from lodo propionic acid) ~ 6 By oxida 
tion of fats, fatty acids, ketonic acids, unsatu 
rated acids and many other bodies — 7 By 
reducing polyhydne di caiboxyhc acids by HI, 
c g tartaric acid to succinic — 8 From aceto- 
I acetic ethers by acting with NaOEt and the 
ethyl salt of a chloro or bromo acid, and sapo- 
nifying the product with cone KOH {v Acetyl- 
succinic ether) — 9 From sodio malomo ether 
and alkyl iodides 

t HNa (C0,Et)2 + IB - CHR(CO Et)* + Nal 

The product still contains hydrogen dis 
placeable by sodium CHB(CO,Et) +Na=* 
CNaB(CO,Et), + H whence alkyl iodides form 
di alkylated malonic ether 

CNaR(CO ,Et)3 + B'l = CB'B(C03Et), + Nal 
(v Malonic acid) 

Properties — Solid and not volatile Fre- 
quently produce anhydrides when heated 
Malomc acid and its derivatives are split up by 
heat into CO, and acids of the acetic series In 
the oxalic senes the acids containing an even 
number of carbon atoms in the molecule have 
higher melting points, and lower solubility in 
water than the acids with an uneven number of 
carbon atoms (Baeyer, B 10, 1286 , Henry, C ii 
99, 1157 , 100, 60) 

For the characters of the homologues of 
benzoic and salicyhc acids see Aromatic Series. 
See also amido-, bromo-, chloro , iodo and 
NiTRo acids, and sulphonio Jicids 

ACONIC ACID 

C.H,0,t « CO^ OH, C<^£>0 

M w 128 [163® 164®] S 17 8 at 16® Formed by 
boilmg itadibromopyrotartaric acid with a c>us- 
tic alkali, C 3 H,Br ,04 -2HBr + CJi,0, (Kekuld. 
A SuppL 1, 838), or with water (10 pts ) (Beer, A 
216, 92) In hke manner from bromoitaoonio aoid, 
O^H^BrO^ (Swarts, J 1878, 684) To prepare it, 
E solution of itadibroinopyrotariario acid neutral- 
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iwd with soda la heated to the boiling point, 
tl»en gradually mixed with more soda till it con- 
tains 8 mol KaOH to 1 mol of the acid On 
evaporating the solution, sodium aconate crys- 
tallises out and aoonic acid may be obtained 
from it by decomposition with sulphuric acid 
and agitation with ether (Meilly, A 171, 168) 
Separates from water m rhombic crystals , 
from ether in elongated laminae (M ) 

Btactions — 1 Decomposed slowly by boiling 
water, forming a brown syrup — 2 33oe8 not 

combine with bromine — 3 Unites with HCl and 
HBr forming ohloro and bromo itaconio acids 
(Swarts) — 4 Deduced by Sn or Zn to itaconic 
acid — 6 Boiling baryta produces formic, sue 
cinic and oxy itaconic acids 

C4H4O4 + 2Hp « CHgOj + and 

Salts — BaA'2 V sol water, ppd by alcohol , 
crystallises from hot alcohol in shimng prisms , 
gives off 2^ aq at 150° — CuA'^4aq blue prisms 
— AgA' spaiingly soluble laminae — NaA'3aq 

efflorescent tnclinic crystals a h c 
638 1 699, a = 103°6', ^ = 104° 27', 7- 

84° 49' Got by boiling ita di bromo pyrotartano 
acid with the calculated quantity of aqueous 
Na^CO, It is decomposed by long boiling with 
water (B ) — ZnA'^Saq large shining crystals, 
melting below 100° in their water of crystailisa 
tion 

Methyl Ether MeA' [85°] From AgA' and 
Mel Long thin prisms, v sol ether, m sol 
alcohol, si sol water H W 

ACONITANILIC ACID v Aniline 
ACONITE ALKALOIDS —1 Aconitine 
[183° cor ] S 13,8 (benzene or chlo- 
roform) 18 , S (ether) 1 56 , 8 (alcohol) 2 7,8 
(petroleum) 036 (Jurgens, Ar Ph [3J 24, 127) 
Occurrence — In the root of monk’s hood, 
Aconitum Napellus (Geiger a Hesse, A 7, 276 , 
Planta, A 74, 257) 

Preparation — The ground root is exhausted 
with alcohol containing tartaric acid , the con 
centrated extract, after exposure to the air in 
shallow dishes to remove the last traces of alco 
hoi, IS mixed with water , the aqueous solution 
IS filtered to separate resin, the last portions 
of which are removed by agitation with light 
petroleum, and then precipitated with potassium 
carbonate , the precipitate, consisting chiefly of 
aconitine, is dissolved in ether, which leaves 
behind a small quantity of humous substance , 
the solution is mixed with aqueous tartanc acid 
and precipitated with sodium carbonate , the 
precipitate is dissolved m ether , and the etheno 
solution left to evaporate The residue consists 
of nearly pure aoomtme, which may be further 
purified by converting it mto hydrobromide, 
decomposmg this salt, after recry stallisation, 
withs(^um carbonate, and finally recrystallising 
the precipitate from ether (Duquesnel, 0 B 73, 
207 . Wright, C J 81, 160) 

Properties — Orystalhses in rhombic or hexa- 
gonal plates Soluble in alcohol, ether, benzene, 
very soluble m chloroform, msoluble in light 
peflk»leum. Extremely poisonous , the mmutest 
particles, inhaled or blown into the eye produce 
excessive imtation fW , O J 81, 154 , Wnght 
a Luff, 0 / 88, 826) LsBvogyrate (D ) 

BeaeUon ** — Slightly alkaline forms well- 


crystallised salts. Be olved by heatmg witl| 
alcoholic KOH mto benzoic acid and aconinet 

C,,H«N0,2 + H 2 O - 0 AO* + CaA.NO,, 
partly also in the same manner by dilute mineral 
acids, but another portion is at the same time 
resolved into water and apoaconitine Acetic 
and benzoic anhydrides convert it into acetyl 
and benzoyl apoaconitine (W a L) The 
hydrohromide forms crystals containing 
C,,H4,N0,2,HBr,2^H20 , the hydrochloride 
C,sH 4 ,NOj 2,HC1,3320, forms with auric chloride 
the salt CssH^NO, ,HCl,Au CI3, which separates 
in pale yellow amorphous flakes very slightly 
soluble in water (W ) 

Apoaconitine [186°J — Formed, 

together with benzoic acid and aconine by pro 
longed boiling of aconitine with sulphuric acid 
(5 p c ) or with a saturated solution of tartaric 
acid The benzoic acid which separates is dis 
solved out by ether and the apoaconitine is pre 
cipitated by sodium carbonate while the aoonine 
remains dissolved Crystals soluble in ether 
As poisonous as aconitine The hydrobi omide 
CasH^NOjpHBr 2^H O is crystalline (W a L ) 

Acetyl apoaconitine CgsH^^AcNOj, [181°] 
Soluble in ether, separates therefrom in small 
crystals Dissolves easily in acids, forming amor 
phous salts (W a L ) Benzoylapoaconitine 
C4 oH 4 jNO ,2 = CgsH^oBzO,,, obtained by heating 
aconitine or aconine with Bz 0, is indistinctly 
ciybtalhne, softens at about 130°, forms amor- 
phous salts Nitrate nearly insoluble (W a L ) 

Aconine C^A.NO,, [130°] Formed, to- 
gether with benzoic acid, by the action of aqueous 
alkalis, or more completely by that of alcoholic 
NaOH, on aconitine {v sup ) V sol water, 
alcohol, alkalis and chloroform, insol ether 
Amorphous Beduces gold and silver salts ak 
ord temp , Fehling’s solution when heated 

3C2,H„N0,„2HC1 and B'ASO^ 
are amorphous and probably only mixtures 
B'HClAuCl, is a yellow flocculent pp B'HIHgl, 
IS a white flocculent pp (W a L ) 

Apoaconine, Cj^Hg^NOij is formed by heating 
the hydrochloride of aoonine at 140° 
C^^HjjNOjoHCl is amorphous, soluble m water, 
precipitated by alkalis 

2 Pioroaoonitine Cj,H 45 N,.* — Found by 
T B Groves m a commercial aconite root, sup- 
posed to be that of A Napellus Amorphous 
varnish, having a bitter taste, but not producing 
any prickly sensation on the tongue Not 
poisonous Does not melt af 100° 8alt8 
crystallise well The hydrochloride contains 
C„H44 NO,oHC 1,5H20 The gold salt B'HClAuCl,, 
IS a canary yellow amorphous precipitate very 
shghtly soluble m water fw ) 

Picroaconine C^H^jNO, Formed, to- 
gether with benzoic acid, by the action of alco- 
holic EOH on pioroaconitme Closely resembles 
aconine Forms 024H„N0A®A (W a L ) 

8 PseudaconftxneOJS4,NO,2[104°-105°], 
The chief basic constituent of the root of Aconi- 
turn feroxt from which it is obtamed by exhaust 
mg with alcohol and eulphuno acid (0 06 pc 
of the weight of the alcohol), or with methylated 
spirit (640 o c ) containmg a little HGlAq (1 c 0 ), 
leavmg the alcohol to evaporate, precipitating 
the remaimng solution wi^ ammonia, dissolv- 
mg the precipitate m ether, and evaporating 
The crystals which separate am purified 
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recrystalhsation from a mixture ot ether and 
li^bUpetroleum, or by means of the nitrate 

Properties — More soluble in alcohol and ether 
than aoonitme , crystallises in transparent 
n^dles and sandy crystals, remains syrupy after 
rapid evaporation^ The air dried base contains 
1 mol H^O, given off ai^SO® m a stream of air, 
more quickly at 100° , decomposes, yrith separa- 
tion of water at 130°-140° Decomposed by 
alcohoho soda at 100° mto pseudaoomue and 
veratric acid 

h,o«c,,h„no,+ c;e,oO, 

at 140° into veratric acid and apopseudaconine, 
By mineral acids it is resolved mto 
water and apopseudaoonitme , vith acetic acid 
I it forms acetylapopseudaconitme Salts mostly 
amorphous, nitrate CjaH^gNOijNOjH 3H.p, 
crystalline B'HClAuClj crystallises from alcohol 
in small needles, slightly soluble m cold alcohol 
B'HJHgl^ 18 an amorphous docculentpp (W a L) 
Apopseudaconitine CshH^^NO,, [103°] 
Formed, together with pseudaconine and veratric 
acid, by heating pseudaconitine with dilute 
mineral acids, or with \eratric acid alone when 
pseudaconitine is heated at 100° with a saturated 
aqueous solution of tartaric acid Crystallises 
fiom ether m the same forms as pseudaconitine 
The nitrate is crystalline The aurochlonde 
NOjiHClAuClg crystallises from alcohol in 
small needles (Wright a Luff) 

Acetyl apopseudaconitine Cg^H^gAcNOjjaq 
Formed by heating pseudaconitine at 100° with 
acetic anhydride or glacial acetic acid, and 
separated by agitation with ether Crystalline 
Nitrate and aurochlonde crystalline Benzoyl 
apopseudaconitine C,gH^8BzNO,,aq Indistinctly 
crystalline Nitrate and auiochloride crystallise, 
the latter from alcohol m anhydrous rosettes 
(W a.L) 

Pseudaconine [100°] 

Formed, together with veratric acid, by heating 
pseudaconitine with dilute mineral acids, or 
better with alcoholic soda Light yellow varnish, 
moderately soluble in water forming a strongly 
alkaline bitter solution, which, however, does 
not produce any prickly sensation on the tongue 
Boluble m ether Forms amorphous salts Re- 
duces silver solution and alkaline copper solution 
when heated — C^jH^jNOgHIHgl, is a white 
amorphous precipitate (W a L ) 

Apopseudaconine Cj^HjjNOg Formed, to- 
gether with veratric acid, by heating pseud 
aoomtme witlf alcoholic soda at 140° Closely 
resembles pseudaconine — Cj^H^ACjNOg is an 
amorphous varnish meltmg below 100°, spar- 
ingly soluble m water Salts amorphous. 
Oj^^^Bz^NOg 18 nearly insoluble in water (W 

4 Japaeonitint Og^agNsO,, Intheroot 
ox Aconitum Japcmicuin Prepared by exhaust- 
ing the root with alcohol oontaimng 1 pc 
tartano acid, concentrating the extract when 
adding water, and repeatedly agitating the 
filtered hquid with ether to remove resinous 
constituents , precipitating the alkaloids with 
sodium carbonate , agitating it with ether , dis- 
Bolvin|p it m aqueous tartano acid, again 
precipitating it with Na,COg, and dissolving m 
ether The resulting solution when left to 
evaporate deposited crystals which after being 
from adhering xvrupi were re-crystalhsed ! 


from ether, and after repeated fractional crystal 
lisation gave by analysis numbers agreemg with 
the formula CggHggNPj,, confirmed by the 
analysis of the gold salt The hydrobromide 
CggHggNaOj, 2HBr SHjO, and the nitrate 
crystallise well (Wright a Luff, C J 86, 887) 
JapaconinCy CjjgH^jNOjo, is obtained, to- 
gether with benzoic acid, by heating japaoonitine 
with alcoholic potash CggHggNjOji + 8Hp =» 
2C,HsO^ + 2C^gH4,NO,g Yellowish varnish, 
easily soluble in ether, alcohol, and chloroform , 
insoluble in water Forms a mercunodide 
C^H„NO,„HIHgI, 

Japaconitine and japacomne heated with 
benzoic anhydride yield the same product, viz, 
C 2 gH 3 gN 07 ( 0 C 7 H 50 ) 4 , which is flocoulent, dis- 
solves m ether, and does not crystallise Salts 
non crystalline, nitrate very sparmgly soluble in 
water (W a L ) 

6 Lycaconitme C27H,4N20g2aq A non crys- 
tallisable alkaloid obtained from wolf’s bane, 
aconitum lycoctonum (Dragendorfl a Spohn, 
J Ph [5] 10, 361 , O J 48, 40-1) If heated 
with water under pressure it is converted mto 
crystalline lycoctonic acid^ C„H„N,0„ and 
two alkaloidj, lycacomne and acolyctine 
6 Myoctonine, CjjHg^N^OgSaq Is an amor 
phous alkaloid also present m A lycoctonum 

H W 

ACONITIC ACID C.K.O.ie CgH 3 (CO,H), or 
CO,H CH2.C(C0,H) CH C0,H [186°-187°] 
S 18 6 at 13° S (80 p c alcohol) 60 at 12° 
Equisetic acvd^ citridtc acid Occurs as calcium 
salt m the roots and leaves of monk’s hood 
{Aconitum Napellus) and other aconites, in the 
herb of Delphinium Consolida collected after 
flowering (Wicke, A 90, 98) , m the horse tail 
(Equisetum fluviatile) (Baup, A 77, 293) , m 
millefoil (Zanon, A 58, 21 , Hlasiwetz, J pr 
72, 429) , in the juice of the sugar cane (Behr, 
B 10, 361), and m that of sugar beet (0 v 
Lippmann, B 12, 1649) , as calcium and potas- 
sium salt m the leaves of Adonis vemalia 
(Lmderos, A 182, 365) 

Formation — 1 By the action of heat on 
citric acid, or by prolonged boiling of that acid 
with hydrochloric acid — H^O = C^HaO, 

(Dessaignes, C B 42, 494) , more quickly by 
heating citno acid with HCl in a sealed tube at 
130°-140° (Hergt, J pr [2j 8, 372), or by boiling 
it with HBr (Mercadante, O 7, 248) — 2 In 
small quantity, together with citracomc acid, by 
heating citric acid with HI m a sealed tube 
(Kammerer, A 139, 269) 

Preparation — Citric acid, m portions of 
100 grams each, is heated m small flasks pro 
vided with bent distillation tubes met long, 
till the whole tube is lined with small oily drops, 
and the residue is heated on a water bath with 
16 g water till it solidifies to a crystalline mass 
On pulverising this mass and treating it with 
pure ether, aoonitio acid dissolves and ouno 
acid 18 left behind (PawoUeck, A 178, 160) 

! Hunaus {B 9, 1761) heats citric aoid at 140° 
for a day m a stream of HGl gas, dissolves the 
product m a small quantity of water, evapontes, 
and treats the residue by Pawolleok^s methom 
Proj^tves and Be^twns — Orystallises in 
small four sided plates, meltmg at 187^ and 
resolved at the same time into COg and ilaeonie 
acid CvH.O., also when heated with water at 



00 


ACX)mno Aom. 


180** (Pebal, A 98, 94) Dissolves easily in 
absolute ether, whereby it is distinguished from 
ditnc acid Converted by sodtum-amalgam into 
tricarballyho acid C«HsO, (Hlasiwetz, J 
1864, 396) Unites with fuming HBr, at 100**, 
forming bromocitric acid 0^11, BrO^, and with 
hypoch lorous acid, forming chlorooitrio acid 
C^HyClO^ The calc um salt fermented with 
cheese yields succinic acid (Dessaignes, C B 
81, 432) 

Salts The acid is tnbasio The NH4, K, 
Na, Mg and Zn salts dissolve readily m water, 
the rest are insoluble or only sparingly soluble 
The soluble aconitates form, with lead and silver 
solutions, white flocculent precipitates (distmo 
lion from fumaric and maleic acids) 

nodules or laminas S 15 4 at 
15°— K3A'"2aq S 9 at 15° 
(Baup, A 77, 299) Slender, silky, very deli 
quescent needles , lose aq at 100° and aq at 
190° (Guinochet, G R 94, 455) -KJIA'" 2aq 
S 37 7 at 16° small prisms (G ) —KRJl"' S 11 
at 17° , minute elongated prisms — NagA"' 2aq 
retains its water in a current of air at 60° but 
gives it up at 15° tn vacuo — Li, A"' 2aq v 
sol water, solution is alkaline — CaHA"'aq 
gummy , v sol water — Ca^ A^'j 3aq gummy , 
V sol cold water, but at 80°-100° this solution 
deposits rhombic prisms, si sol cold water 
The latter gradually dissolve, changing to the 
gummy vanety — CajA baq S 1 01 at 15° (B ) — 
Sr8A'"2 8aq S 625 at 16° (G ) Ppd on boiling 
the solution — BaH^A'", prisms S 4 2 at 17° 
(G ) — Ba^A^'j 3aq gelatinous pp got by adding 
BaClj to aconitic acid or a solution of an aconi 
tate — Mg,A'"j 3aq 8 10 4 at 17° Elongated 
octahedra (G ) — CojA^'^Saq S 3 5 at 16° Pink 
powder — Ni8A'"2aq Pp changed by long boil 

mg to NigA'^j 6aq — 6aq 8 113 at 17° 
Prisms — ZnjA'"23aq insoluble in water — 

PbsA'"^ 3aq(‘?) flocculent precipitate (Buchner) 
— PbgA'"22Pb02H20 obtained by prolonged 

boiling of the NH^ salt with basic lead acetate 
(Otto, A 127, 180) — Mn,A'"2 12aq small 
rose-coloured octahedra, slightly soluble m 
water (Baup) — Ag,A'" prepared by adding AgNO, 
to the normal ammonium salt, is a thick 
flocculent precipitate, becoming crystalkne on 
drymg , slightly soluble m water 

A solution of aconitic acid mixed with feme 
chloride is precipitated by ammonia, but the 
presence of citric acid even in small quantity 
prevents the precipitation {Bn 1, 648) 

Ethers — The ethers of aconitic acid are 
formed by heating the acetyl denvatives of the 
corresponding citric ethers, C,H4(0Ac)(C02R)„ 
at 260°-280°, acetic acid being spht off , yield 
75 p c of the theoretical (Anschutz a Klinge- 
mann, B 18, 1953) 

Ueji.'" (271°) (Hun»us, B 9, 1750) , (161°) 
at 14 mm (A a £ ) Erom aconitic acid, MeOH, 
and HCl (H ) 

Et,A'"(275°) (Mercadante,(7 1,248), (252°) at 
260 mm (Conen, B 12, 1655) , (171°) at 14 mm 
(A a. K) 6G 1 1064 (C), 1 074 (Crasso, 

A 69) From tetra-ethyl citrate and PC1« at 
100° (Conen) 

Pr (196°) at 18 mm (A. a. K ) 

J>i -anthda, [217°] Yellow ne^les, formed 
bdlmg aqneoiu axulme aoomiato (Michael, 
19, 1874). 


Iso aoonitio ether 

CO*Et CH CH CH(CO;Et),(?)(248°)8 1D505; 

A product of the action of hot HCl upon di-oar- 
boxy glutaconio ether (g v ) An oil , sol aloo 
hoi or ether (Conrad a Guthzeit, A 222, 255). 
Pseudo aconitic acid ^ 

CO,H CH, CH(CO^AI) G' CO^H [217°] 
Formed at 180° from propylene tetra carboxylic 
acid (q V ), obtained from bromo maleic ether 
and sodium malonic ether (Schaoherl, A 229, 95) 
Salt— Ba, A'", aq H W 

ACOEIN CggH^oOg A glucoside extracted from 
the common reed (Acorus calamus) Sol alcohol 
or ether, ppd by benzene from its ethereal 
solution (A Faust, Bl [2] 9, 392 , Thoms, Ar 
Ph [3] 24, 465) 

ACRALDEHYDE v Acrolein 
ACRIDINE C.gHgN i e 

CH CH CH 



CH N CH 


M w 179 [106°] (Bernthsen) , [111°] (Fischer 

a Korner) V D 6 10 (Graebe, B 5, 15) 

Occurrence — In coal tar (Graebe a Caro, 
A 158, 265) The portion that boils between 
300° and 360° is extracted with HgSO^Aq and 
the extract ppd by K Cr 0^ 

Formation — 1 By heating formyl diphenyl- 
amine (23 g ) with ZnClg (45 g ) at 190°-220° 

H CO N(C,H,), = C„H,N + H,0 
2 From crystallised oxalic acid, diphenyl- 
amine, and ZnCk at 120° - 260° —3 From chlo- 
ro^rm, diphenylamme, and ZnCl, or AlCl,. 
In this way 2 g of acndme can be got from 
25 g diphenylamme It is better to heat chloro- 
form (1 pt ) with diphenylamme (1 pt ), ZnCl, 
(1 pt ), and ZnO (| pt ), for 8 hrs at 200° (Fischer 
a Korner, H 17,101) (C„H,);^H + CC1,H + ZnO 
= C„H,N,HC1 + ZnClj + HjO — 4 By passing 
phenyl 0 toluidine through a red hot tube 
(Graebe, B 17, 1370) — 5 In small quantity 
(5 pc) by heatmg aniline and ZnCl, with o- 
or p oxy benzoic aldehyde or even with benzoic 
aldehyde (Mohlau, B 19, 2451) 

Preparation — Heat formic acid (50 g of 
S G 1 22) with diphenylamme (175 g ) and 
ZnCl^ (100 g ) gradually from 150° to 270°, avoid 
mg evolution of CO Dissolve 4he product m 
alcohol, and pour into aqueous NaOH Acndme 
and diphenylamme are m the alcoholic layer , 
evaporate this, and dissolve the residue in 
ether , shake the ether with dilute hydrochloric 
acid The acndme is then in the acid solution. 
The yield is small (Bernthsen, A 224, 3) ^ 

J^operties — Long needles (from much water) 
or pnsms, a be*" 666 1 835 Pungent odour 
and bummg taste The base and its hydro- 
chloride attack the tongue even when m minute 
quantities Volatile with steam Very slightly 
soluble in water Dilute solutions exhibit a 
oharaotenstic greenish blue fluorescence 

Balts— (Bernthsen, A 224,8, B 16, 1802 
Graebe, B 16, 2828, Medious, B 17, 196)-- 
B'HOl * veDow plates soluble in water impart- 
ing a moish-neen fluorescence — B',H,Pt01, i 
I spanngly aolimle minflte yellow nee^ea. — 
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B'gMNO» Stfq [151®], yellow pp got by adding 
iodinm nitrite to a solution of an acridine salt 
Longf yellow silky needles , si sol ether or cold 
water, m sol hot water, v e sol alcohol , some 
what volatile with steam — formed 
adding aqueous SO^ to a solution of the 
hydrochloride Yellowish red needles, v si sol 
water — B'HNaSO, got ^y miacing solutions of 
sodium sulphite and acridine hydrochloride 
Colourless, easily soluble, prisms 

Picrate C„H„NCA(NO,),OH Minute 
yellow prismatic needles Melts at a high tern 
perature V si sol cold alcohol, cold water or 
cold benzene Boiling water partially decom- 
poses it (Anschutz, B 17, 438) 

Acridme forms no carbonate 
Reactions — 1 HgCl gives a yellow crystal 
line pp (C,,H^N,HCl)^gCLj — 2 K^Cr^O^ gives 
a yellow pp CuHpNH^CrO^ — 3 I dissolved m 
KIAq gives a brownish pp (CiaHeNHI)^^ — 
4 Reduced in alcoholic solution by sodium 
amalgam to hydro acridine which is soluble in 
alcohol , at the same time a white powder m 
soluble in alcohol is formed Hydro acridine^ 

18 not a base It forms 

prisms, [109°], si sol cold alcohol, v sol hot 
alcohol or ether, insol water Sol cone H SO4 
and reppd by water, unaltered It is oxidised 
by Ag 0 or CrO, back to acridine — 5 KMnO^ 
oxidises acridine to a quinoline di carboxylic 
acid (acndinic acid) (Graebe a Caro, B 13 99) 
Octo-hydro-acndine {acridine octo hydiide) 
CjjHpN [84°] (320°) Colourless plates or tables 
Formed by heating acridine or hydroacridme 
with HI and P at 220° — B ,HC1 colourless 
tables, soluble in hot water, sparingly in cold 
(Giaebe B IG, 2831) 

ACEIDINBS —Compounds having the general 
formula 

C.H / I \C.H. 

They are characterised by basic properties, 
fluorescence in dilute solutions, capability of 
directly uniting with Mel, and of forming 
neutral dihydrides which may readily be re 
converted into the original base v Butyl 

ACRIDINE, MeTH\L ACRIDINE, and PhENYL ACRl 
DINE See also Amido phenyl acridine, Oxy 
PHENYL ACRIDINE, AmIDO HYDRO ACRIDINE KETONE 

ACRIDINIC ACID v {Py 2 3) Quinoline di 

CARBOXYLIC ACID 

ACRIDYL JEBZOIC ACID V Phenyl acri 
DINE Carboxylic Acid 

ACROLACTIC ACID 

C,H40„t e CHO CH, CO^H or CH(OH) CH CO,H 
Formed by boiling ethyl /9 chloro acrylate 
CHCl CH CO^Et, with baryta water (Pinner, B 
7, 250 , A 179, 91) The acid is a thick syrup 
IW silver salt, AgA', blackens quickly on exposure 
to light, and is m sol water 

ACROLElN CjH^O, i e CH^ CH CHO Acrylic 
aldehyde, Acraldehyde Mol w 66 (52 4°) 

V D 1 897 S 2 5 S G ^ 841 , 4089 , 

Boo 25 31 (Bnihl) 

Formation — 1 By oxidation of allyl alcohol 
CH4 CH CH^OH, with platinum black or chromic 
acid mixture — 2 By dehydration of glycerin, 
CsHaOj, and therefore in the destructive distil- 
lation of fats — 9 By distillation of acetone 
dibromide C,HgOBr, «^HBr + CiH^O — L From 


di lodacetone and silver cyanide (M 8in>psoo, 
J pr 102, 880) — 6 By exploding ethylene with 
a large excess of oxygen, the carbon being 
partly oxidised to CO, which with the ethylene 
forms acraldehyde, C^H^ -f CO =• CjH^O This 
effect, however, is produced only by nascent, not 
by ready formed CO (E v Meyer, J pr [2] 
10, 113) 

Preparation — Anhydrous glycerin (1 pt ) is 
distilled with KHSO4 (2 pts ), and the vapour, 
after passing over calcium chloride and lead 
oxide to remove water and acrylic acid, is con 
densed by a freezing mixture (Aron stein A Suppl 
3, 160) — Obtained also in large quantity as a 
by product m the preparation of oenanthalde 
hyde, from castor oil (Schorlemmer) 

Properties — Mobile strongly refi acting liquid 
Vapour extremely irritating to the nose and eyes 
Taste pungent and burning It is readily con- 
verted into disacryl, a white amorphous body 
(isomeric or polymeric?), insoluble m water, 
alcohol, acids, and alkalis 

Reactions — 1 Oxidised quickly m the air, 
or by Sliver solution to acrylic acid, in the latter 
case with formation of a silver speculum , by 
nitric acid to glycollic and oxalic acids (Claus 
A Suppl 2, 118) — 2 Converted by nascent 
hydrogen (Zn and HCl) into allyl alcohol, 
C),H^O, isopropyl alcohol, C^H^O, and aero 
pmacone 2CgH40 + Hj = C^Hj^Oj (Lmnemann, 
A Suppl 3, 257) —3 With PCI5 acrolein yields 
allylene chloride CgH^CU (84 6°), the isomeno 
dihydrochloroglycideorjS epidichlorhydnn(102°), 
and trichlorhydnn C^H^Cl, boiling at 152°-156® 
(Geuther, Z 1865, 24) — According to Romburgh 
{Bl [2] 36, 549) the three liquids are allylidene 
chloride CjH^Clj (B5°), its isomeride, (110° cor ), 
and $ chloro allyl alcohol CHCl CH CH^H 
(153° cor ) — 4 Bromine forms di bromo pro 
pionic aldehyde (g v ) — 6 Acrolein heated with 
ethyl alcohol and its homologues and a little 
acetic acid, yields glycerides , e g tnethylin 
C,Hj(C^Hj) 30„, from 1 vol C3H4O and 1 vol 
alcohol and 0 6 vol acetic acid , tnmethylin 
CjH 5 (CH,),Os, from 1 vol CjH^O, 3 \ol methyl 
alcohol, and 0 5 vol acetic acid , and triamylin 
C3H^(C3H,,)808, m like manner On passing HCl 
gas into a mixture of acrolein and 2 vol abso- 
lute alcohol, diethylchlorhydrm C,H3 (C_jH 3) CIO, 
18 obtained as a heavy oil having a sweetish 
ethereal odour and S G 1 03 at 10 6° (Alsberg, 
J 1864, 494) — 6 Acrolem acts strongly on 
aniline, forming diallylidene di phenyl di amine, 
(C„H,) (C3H4),N,(bchiff, J 1864, 414) 

Combinations - 1 With Sodium Hydrogen 
Sulphite bydirect combination C3H40,2NaHS0, <■ 
CH, CH(NaSO,) CH(OH)(NaSO,) Crystalline 
nodules With acids gives off SO, but no 
acrolem By NH, and BaCl, only half the 
sulphurous acid is precipitated as BaSO„ the 
a sulphopropionio aldehyde remaining in solu- 
tion Sodium amalgam converts it into oxypro- 
pane sulphonio acid Silver oxide oxidises it 
to a Bulpho propiomc acid (Max Muller, B 6, 
1441 360) 

2 With Acetic Anhydride C,H40,C4Ha0| 
or C,H4 (OAc )2 Formed by direct combm^ion 
at 100° Liquid (180°) S G sa 1 076 (Hubner n. 
Geuther, A 114,47) 

8 With Acetyl Chloride C3H40,2C5ft00l 
Liquid boihng at 140°-146® (Aronstem) 
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4 With Ethyl Chloride 
CH^ CH CHCi(OOjHJ Formed together with 
acrolein acetal, by the action of sodium ethylate 
on allyhdene chlonda, CH* CH CHClj, at 120° 
Liquid {116°-120°) 

6 With Ethyl Alcohol OsH,|,Oj te 
CH, CH CH(OH) (OC A) ^'^om acrolein hydro 
chloride and sodium ethylate 

CHa CH CHO,HCl + NaOEt- 
NaCl + CH, CH CH(OH)OEt 
I/iquid boiling, with partial decomposition at 
1 30° 8 G 2 0 946 Soluble in water, alcohol and 
ether (Geuther a Cartmell, A 112, 3) 

b Witli ammonia, acrolein forms a conden- 
sation product CyHjN O = 20:,H^O + NH, — H,0, 
prepared by passing the vapour of anhydrous 
acrolein into alcohoho ammonia (Hubner a 
Geuther, A 114, 35), or more readily by passing 
the vapour of crude acrolein mto aqueous ammo 
nia, expelling the excess of ammonia by a gentle 
heat and precipitating the remaining liquid with 
a mixture of ether and alcohol (Claus A 130, 
186) — Ked amorphous body easily soluble in 
water and m acids, sparingly m hot alcohol, 
insoluble m cold alcohol and in ether Converted 
by dry distillation, first into a non volatile oxy 
genated base (Claus A 158, 222), then intopico 
line and water (Baever, A 155,283) Acrolein 
ammonia unites directly with bases, forming 
brown amorphous salts The platinochlonde 
(C«HpNOHCl),PtClj 18 a yellow amorphous pp 
Folymendes 1 Metacrolein (CjH^O), I50°] 
V D 5 9 Formed with evolution of hydrogen, 
when acrolem hydrochloride is heated with 
potassium hydroxide (not NaOH) Needle 
shaped crystals lighter than water, having an 
aromatic odour Partly reconverted by distilla 
tion into acrolein Volatilises undecoraposed 
with aqueous vapour Insoluble in cold, sparingly 
soluble in hot water, easily m alcohol and ether 
Exerts only a feeble reducing action on ammo 
niacal silver solution Not affected by dilute 
alkalis, but changed more or less into acrolein 
by heating with mineral acids Does not com 
bme with ammonia Unites with dry HCl gas 
forming /8 chloropropionic aldehyde 
CH,C1 CH, CHO (Geuther a Cartmell, A 112, 3) 

2 Acrolein resin Formed by heating 
acrolein for a week with 2-3 vol water at 100°, 
as a brown resin which begins to melt at 100°, 
IS moderately soluble m hot water, easily m 
alcohol and m ether Heated with ammomacal 
silver solution, it reduces the silver in specular 
form Reconverted mto acrolein at 100° (G a C ) 

8 Hexacroleio acid C„H,,Oj Formed 
by treating acrolein with alcoholic or aqueous 
potash or with moist silver oxide Yellow 
amorphous body, insoluble in water, easily 
soluble in alkalis, alcohol, and ether Has a 
slight acid reaction Salts NaC„H„0, brown 
and amorphous Ca(C,gH2,Oa), yellow flocculent 
inrecipitate insoluble in water and m alcohol 
Banttm salt , amorphous , decomposed by CO, 
(dans. A Suppl 2, 120) H W 

ACROLEIN . BIPHENYLAKINE v Di- 

IPHBNTL AVINB ACBOLBIK 

ACSOLXlH-naEA C,H,N,0, 

Formed by the action of acrolein on area m 
alcohoho solution (Leeds, AC J 4, 58 , B 16, 
1160) White powder, sol alcohol, ether, or 


CS,. Other bodies are also formed (^hiif, A* 
161, 20b , B 16, 1393) 

ACROLEIN m X7L1DINB v m 

ACEOLElN 

ACROPINACONE C,H 

1 e CHj CH CH(OH) CH(OH) CH CHj (1^®- 
180°) S G 99 Formed bj action of zinc and 
dilute H,S04 upon Acrolein (Lmnemann, A 
Suppl 3, 268 , L Henry, J pr [2] 9, 477) It 
18 extracted with ether It turns blown m air 
V sol alcohol or ether, msol watef 

ACROTHIALDINE C,H„NS,5aq A base 
produced by the action of ammonium sulphy 
drate on acrolein at 0° (Sohifif, Bl [2] 8, 444) 
Insol water, v si sol alcohol, ether, or CS^. 

ACBTL COLLOIDS v $ Bromo acrylic acid. 

ACEYL ALDEHYDO PHENOXY ACETIC 
ACIDC„H,oO,i e CHO CH CH C^H^ 0 CH2.CO H 
o [153°] m [100°] p [182°] These three acids 
are prepared by adding a cold aqueous solution 
of aldehyde to a dilute solution of sodium 0 
aldehydo phenoxy acetate at 60° (Elkan, B 19, 
3048) 

ACRYLIC ACID C3H4O2, 16 CH, CH CO,H 
Mol w 72 [8°] (140°) (Lmnemann, A 171, 294) 
Formation — 1 By oxidation of acrolem (p 61) - 

2 By heating /3 lodopropionic acid with sodium 
ethylate CH I CH CO H + NaOEt- 

Nal + EtOH + CH, CH CO,H 
(v Schneider a Erlenmeyer, B 3, 339) — 8 By 
heating ^ lodopropionic acid with lead oxide — 
4 Together with propyl alcohol and other pro 
ducts, by heating allyl alcohol with KOH (Tol 
lens, Z [2] 6, 457) —6 From iodoform and 
sodium ethylate (Butlerow, A 114, 204) —6 By 
debrommation of a ^ dibromopropiouio acid 
with zinc dust, 

CHJBr CHBr CO,H - Br, - CH^ CH CO,H 
7 By heating dichlorallylene with water 
CCl, C CH. +2H0 = 2HC1 + CH CH CO,H 
(Pinner, B 7, 6b) —8 By the distillation of 
hydracrylates CjH^O, » CjH,©, + H,0 (Beilstem, 
A 122, 372) 

Preparation — Acrolein mixed with 8 vol 
water is poured upon recently precipitated silver 
oxide suspended in water m a vessel protected 
from light , the liquid is heated to boiling , so 
dium carbonate added to slight alkaline reaction , 
and the mass, after evaporation to dryness, is 
treated with dilute sulphunc acid The liquid 
IS filte’red (hexacroleio acid and reduced silver 
remaining on the filter) and the filtrate is dis- 
tilled, acrylic acid then passmg ^ver (Claus A 
Suppl 2, 117) 

Properties — Colourless hquid having a pun 
gent odour like that of acetic acid , solidifying 
at low temperatures , miscible vnth water 

Reactions — 1 Converted by sodium amalgam 
and by boiling with zinc and dilute sulphuric^ 
acid mto propionic acid (Lmnemann, A M5,* 
817) — 2 Fusion with KOH gives formic and acetic 
acids CgH402 + 2H2O =“ CH2O2 "t CjH^Oj 

(Erlenmeyer, A 191, 876) — 3 Unites directly 
with hr(nnine forming aj8 ibromopropionic acid, 
CHjBr CHBr COjH, and with hydriodic acid^^ 
forming J8 lodopropionic acid, CH,I CH2.CO,H 
(Wishcenns, A 166, 1) — 4 Its alcohohc solution 
aatursted with HCl, yields ethyl A-chloropro 
pionate, OHgOl CH, COsCsHa (Lmnemann, A 
168, 96} '—6 Unites with hypochtorous Mid, 
forming /B-ohlorolactio a^d 
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CH, CH co;a 4 caoH - cjh.ci choh co^ 

(^lelhko^ B 12, 2227 , 13, 2164) 

Saits — All except the silver salt are easily 
soluble m water Give off part of their acid at 
100^, leaving basic salts , the E , Ba , and Zn- 
saltfi decomposing in this manner even at ordi 
nary temperatures -•KCjHaO^is very deliquescent 
fClausius) — NaA', microscopic needles 100 
pts cold alcohol dissolve 0 7 pt of this salt 
(Zotta, A 192, 105) Dissolves easily in 90 p c 
alcohol Me4ts with decomposition above 250° 
(Lmnemann) Converted by heating with 
aqueous soda at 100° into the isomenc bydra- 
crylic acid CH^H CHj CO^H (Lmnemann, B 
B, 1096) — CaA^'j needles (Caspary a Tollens) 

— SrA'j small rhombic plates very soluble m 
water — ZnA', small scales (Clausius) — PbA^ 
shining needles soluble in alcohol — AgA' floe 
[sulent precipitate crystallismg from boiling 
water m prisms (Caspary a Tollens, A 1C7, 
240) 

Ethers— MeA (803°) (Weger) SG^934 
From methyl a $ di bromo propionate, MeOH, 
Zn and H^SO^ (C a T , Kahlbaum, B 13, 2349) 
-EtA' (98 6°) (W ) , (101 5°) (C a T ) From 
ethyl o j8 di bromo propionate, EtOH.Zn and 
H,SO, — PrA' (122 9°)(W ) From propyl a /3 di 
bromo propionate, PrOH, Zn and H^S 04 — Allyl 
fther CAA' (119°-124°) (C a T ) 

Other derivatives of acrylic acid are described 
a-s Bbomo acrylic acids, Chloro acrylic acids, 
Chloro bromo acrylic acid, Amido acrylic acid, 
Bromo iodo acrylic acid, Iodo acrylic acid See 
also Hydracrylic acid 

Paracrylic Acids (CaH 402 )„— An acid pro- 
bably having this composition is formed by the 
action of potassium cyanide on ethyl a chloro 
propionate at 150’ Short prisms melting at 
I80°-182° Gives a brown red pp with ferric 
:hloride (Karetnikoff, J R 110) - Another 
paracrylic acid is formed by boiling aqueous j 
B lodopropionic acid with excess of silver oxide, 
till the solution becomes coloured, and metallic 
silver begins to separate The same acid is 
formed when hydracrylic acid C^H Og is left m 
jontact for several days with 1 mol bromine — 
Small crystals melting at 69° , insol in water, 
slightly sol in cold, easily in hot, alcohol Easily 
Lakes up HI at 167° and is converted into $ iodo 
propionic acid — The sodium salt is indistinctly 
crystalline, deliquescent, does not melt at 180° 
The lead salt is soluble m watei (Klimenko,/ R 
12, 102) 

Di acrylic acid C^HhO^ 

At 260° sodium hydracrylate is decomposed 
into water, sodium acrylate, and sodium di 
icrylato On treating this mixture with water it 
becomes very hot, and the sodium di acrylate 
Lakes up aq being converted into para adipo 
(halate, NagOgHgOa The latter is thrown down 
\s a Tifioid syrup when an equal volume of alcohol 
18 added At 200° 250° it loses aq, changing to 
sodium di acrylate, an amorphous deliquescent 
mass, which becomes warm when breathed 
upon, combining again with aq Salts — 
— BaA ' — CaA" from calcic hydracrylate 
at 220> (Wishcenus, A 174, 285) 

Para adtpomaltc act/ isasymp It is 
reduced by HI to para-adipic acid CgH ,„04 
Balts. — Na^C-HgO, aq — BaA".— CuA" aq — 
PbA". All are amorphous H. W. 


ACTUf 01LE1E&. — ^Instrument for measuring 
chemical mtensity of light V Physical 
Methods, sect Optical 

ABEHIHE OjHjNjSaq Occurs amongst the 
decomposition products of the contents of all 
growing animal and vegetable cells Formed, 
amongst other products, by boiling nuclein 
with dilute H2SO4 

Long rhombic needles (from NH^Aq (V sol 
hot water, and in NaOHAq, v si sol Na^CO^Aq 
Neutral to litmus Insol ether or CHCl, — By 
nitrous acid it is converted into hypoxanthine 
(Kossel, B 18,79,1928, H 10,248) C.HgAg^N,; 
msol NHgAq (C^H^Nj) H2S042Aq SI sol water 
ADIPIC ACID C«H„0„ 

1 e CO^H CHj CH CH^ CH^ CO^H Mol w 146 
[149°] S 144 at 15°, S (ether) 633 at 19° 
(Dieterle a Hell, B 17, 2221) , S 7 73 at 18° 
(Wirz, A 104, 257) 

Formation — 1 By the oxidisfhg action of 
nitric acid on sebacic acid, and on natural fats, 
e g hog’s lard, oocoanut oil &c — the first pro 
duct of the action being sebacic acid, which by 
I further oxidation is converted into adipic acid 
(Laurent, A Ch [2] 66, 166 , Bromeis, A 35, 
105 , Malaguti, A Ch [3] 16, 84) —2 By the 
I action of HI and phosphorus at 140° on mucio 
I acid (Crum Brown, A 125, 19), or saccharic acid 
I (De la Motte, B 12 1572) — 3 From muoonio 
acid C«Hrt04 and sodium amalgam (Marquardt, 
B 2, 385) —4 From jS lodopropionio acid and 
silver at 100°~160° , 2{CH2l CH^ CO^H) + Ag^ = 
2AgI + (CH2)4(C02 H)j (Wiolicenus, a 149,221) 
6 By reduction of di acetylene di carboxylic 
acid, CO^H C C C C CO^H or of hydio muconio 
acid, C4Hg(C02H)2, with sodium amalgam 
(Baeyer, B 18, 680) — 6 By heating butane a> 
tetra carboxylic acid (Perkin, B 19, 2040) 

Preparation — Sebacic acid is boiled with 
nitric acid whereby it is converted into a mix 
ture of adipio and succinic acids, which are 
soluble in water The nitric acid is then eva 
porated off, and the residue crystallised from 
water It is then fused and the solidified mass 
IS pulverised and treated with ether, which 
dissolves the adipic acid, leaving a small quan 
tity of succinic acid (Arppe, Z 1865, 300) 

Properties — Monoclimc lammsB, flat needles, 
or feat^ry groups of needles Sparingly soluble 
in cold water, freely m alcohol and ether It 
has a tendency to form supersaturated solutions 
Converted into butane by distilling with large 
excess of CaO (Hanriot, C R 101, 1156) 

Salts —The ammonium salt (NH4)2A" forms 
monoclimc crystals resembhng augite , a 6 c -■ 
688 1 979,)3 = 82°14'(A 217,143) S 40 at 14° 

At 150° it gives off all its NH, — Na2A"2aq — 
Na^A '4aq very soluble pearly plates — — 

BaA" white pp S 12 04 at 12° , 7 47 at 100°. 
SrA"iaq — CaA'^aq -CaA"2aq mmute needles 
(from alcohol), giving up their water at 
100° (Laurent, C R 81, 351) — MgA"4aq: 
prisms S 26 at 16° — ZnA"2aq — CdA"2aq — 
CuA 'aq — CuA"2aq — PbA" small glistemng 
plates, S 021 at 16° — HgA" white crystalline 
pp — AgjA" small glistening plates, S *016 at 
140 --The feme salt is a brown red insolublejpp 
For more detailed description of salts v Dieterla 
a Hell, B 17, 2221 

Ethyl stker.— Et^" (245°) (Arppe, 
18C5, 802). 
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Amtde C,H«(CO,NHJ, [220®] S 44 (Henry, Bl 
43, 618) — Dimethyl amide C4H,(C0p^IIMe), 
[161°-163°] (H) 

Derivatives of adipte acid v Bromo adipic 

ACID, OXY ADIPIC ACID H W 

Para adipic Acid — Formed by the action of 
HI on paradipimalio acid, C H^Oj — a decompo 
Bition product of sodium hydracrylate v di 
Acbtlio acid —Syrupy — ZnC^HHO^,3H O Vis 
Old flocculent pp (Wishcenus, ^ 174,295) H W 
Iso adipic acid C,H,(CO H), [192°] S 1 at 22° 
A product of the action of bromine on the sul 
phate of cyanethine (q v ) The product is 
extracted with ether , on evaporation this leaves 
an oil which reacts violently with stiong NH,, 
forming crystals of the amide of butane dicar 
boxylic acid, C^H„(CO]SH ) Conveited by 
boiling dilute H^SO^ or HCl into the acid 
(E V Meyen J pr [2] 26, 358) 

PropertiM — Eows of prisms, or, from hot 
concentrated solution in water, globular aggre 
gates Begins to sublime at 100° Beadily 
soluble m alcohol and ether 

Salts — A' H(NH,) Solutions of this salt give 
the following precipitates Fe Cl^, reddish white , 
AgNOj, white , CuSOj, green , Pb(0Ac)2, on agi 
tation, prisms crossing one another, HgCi^, 
CaCl^, BaClj give no pps — A'Ag^ — A"Cu — 
A'Tb, iaq 

Aviide — (See above ) — Does not melt at 200° 
Prisms with pyramidal ends (from water) 

Adipic acid CjH3(CO,H)2 {Hydro pyro cm 
chonvc acid) [194°] Small white needles or 
glistening prisms , easily soluble in alcohol and 
ether, less in water Is the chief product of reduc 
tion of pyrocmchonic acid CO^H CMe CMe CO H 
or of the reduction of di chloro adipic acid 
CO^H CClMe CClMe CO H By conversion into 
the anhydride and redissolving in water it is 
converted into the isomeric adipic acid melting 
at [240°] 

Salts —C&k'' l^aq very sparingly soluble 
white silky needles — Si A" 1 ^aq spai ingly soluble 
needles - PbA'' 3aq white crystalline pp — 
A"Cu green pp 

a Beckurts, B 18, 838 , Iloser, B \6, 2012 , 
Leuckart, B 18, 2344) 

Constitution — Probably identical with the 
above iso adipio acid 

Adipic acid {CJi.iCO.'B),), [240°] Glisten- 
ing plates, or prismatic needles Formed by 
rsomeric change from the preceding adipio acid 
[194°] by conversion into the anhydiide and re 
dissolving m water 

Salt — AgjA" sparingly soluble white crys 
talline pp The acid does not give an anhydride 
on heating (Otto a. Beckurts, B 18, 843) 

Adipio acid C<H„(CO H)^ [165°-167°] Di- 
methyl succinic acid (?) — From aceto acetic ether 
by means of sodium, a bromo propionic ether, 
and Mel (Hardtmuth, A 192, 142) 

Salts — PbA" flocculent pp — AgjA ' 

Adipio acid C„H„04 [142°-.148°] — From tro- 
2n”l4^)^ ) IiNO,(S G 1 286) (Ladenburg, A 

Salts — Ag^A” — Ammomum salt forms tn- 
olimo oi76tar8 a b c 8474 1 o496a» 
90° 20'. 0 - 96°10' y - 100° 60'. 


Conshtutum —Probably identical with a-di- 
methyl suocmio acid (q v }, 

00;EI CMe^ CH^ CO,H 

Other isomerides of adipio acid are desonbed 
as Methyl ethyl malonic. Propyl malonic is^ 
Propyl malonic, di Methyl succinic, E^hyl- 
SUCCINIC, and Methyl glut ric acids 

Adipio (?) aldehyde — Formed by 

treating acetic aldehyde with zinc turnings at 
100° - H O = C H,„02 Smells like wUd 

mint, and appears to be decomposed by prolonged 
distillation, with formation of H^O and higher 
condensation products Unites with alkaline 
bisulphites, forming crystalhne compounds (Ri 
ban, C R 75, 98) H W 

ABIFOCERE — A fatty substance produced 
in the decomposition of animal substances in 
moist ground , first found by Fouicroy m the 
Cimeti^re des Innocens at Pans Consists of 
palmitic, stearic, and oleic acids (Gregoiy, A 
61 362 , Wetherill, J 1855, 517) According tc 
Ebert (B 8, 775) it consists essentially of pal 
mitic acid, together with margaric and oxymar 
garic acids, C, H,,0^ and H W 

ADIPOM ALIC ACI D C,H,„0 is formed by boil 
ing bromadipic acid with potash, as a viscid mass 
which becomes crystalline — PbC^HgO^SH^O 
White precipitate which dissolves in hot solution 
of leaa acetate and separates therefrom in na 
creous scales Gives off 2H 0 at a moderate heat 
(Gal a Gay Lussac, C R 70, 1175) H W 
Para adipo malic acid v di Acrylic acid 
ADIPOTARTARIC ACID C H,„0„ Formed 
by heating pulverulent dibiomadipic acid with 
water at 150° Moderately soluble in alcohol 
and ether Much more soluble in hot than in 
cold water, and separates in monoclmic laminse 
Optically inactive Solution agitated with KOH 
yields a crystalline pp resembling cream of 
tartar (Gal a Gay Lussac) H W 

ADONIDIN Aglucosidein Adonis vemalis, 
resembling digitalin m phvsiological action 
(Cervello, Ph [3] 13, 129 , Mordagne, Ph [3J 
16, 145) 

ADONINIDINE A poisonous substance in 
Adonis cupaniana (Cervello, G 14, 493) 

JESCIGENIw C, H Formed, together 

with glucose, by passing HCl gas into a boilmg 
alcoholic solution of teltescin (infia) 

C„H3 oO, + H,0 = C,,H^O, + C,H, A 
Indistinctly crystalline powder, insoluble in 
water, soluble in alcohol Strong sulphuric acid, 
in presence of sugar, dissolves it with blood red 
colour Acetyl chloride converts it into a 
diacetate (Rochleder, J 1867, 751) H W 
JESCINIC ACID Occurs in small 

quantity in the cotyledons of ripe horse chestnut 
seeds Formed, together with piopiomc acid, 
by boiling argyrassem with potash lye 

^271142^12 + 2KOH = + KCjHjO^ 

and together with butyric acid by similar treat 
ment of aphrodtescin 

+ 3KOH = 2KC24H«,0,2 + KC.H^O, 
Gelatmous mass, becoming partially crystal 
line 

Resolved by hydrochlonc acid into glucoi# 
and telnscin 

^24^40^18 HjO = CgHijO, + 

The acid potassium salt 

formi Silky needles, si sol water (Rochleder). 

H W 
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JBSCIOBCEXir CjHjNOj A substance re 
•epibUng orcein, formed by the action of ammonia 
vapour 1)n moist paraaesculetm 

C AO4 -4- NH, + O « H,0 + C^H^NOs 
^chleder, J 18d7, 753) H W 

jKSCIOBCIN CsHgO^, is formed by the 
action of sodium amalgam on sesculetin Dis 
solves in alkalis with gi^en colour quickly 
changing to red Converted by ammonia into 
fcsoiorcem (Kochleder, ibid 751) H W 

JESCIOXAAIC ACID C.H.O^H^O Produced, 
together with formic and oxalic acids, sometimes 
also protocatechuic acid, by boiling BBsculetin 
with very strong potash lye More easily 
obtained pure by boiling aesouletin for several 
hours with baryta water in an atmosphere of 
hf-drogen Very minutely crystalline mass 
Gives with feme chloride a red brown colour, 
changing to purple violet on addition of sodium 
carbonate , with ferrous sulphate and a small 
quantity of sodium carbonate, a deep blue 
colour (Rochleder, J 1867, 752) H W 

JESCDLETIC ACID C„H„Oj, 

1 c C«H (0H)3CH CH CO H Formed by boiling 
©sculetm with baryta (Rochleder, J pr 69, 211) 
^aZis—BaA'^ -6PbC,H,0 Acids 

which contain the group CH CH CO^H, such as 
f amaric and maleic acids and the coumanc acids, 
are usually capable of existing in two forma, 
one of which can be easily tiansformed into the 
other Ajsculetic acid and its methyl deriva 
tives aie at present known m one foim only but 
tri ethyl ajsculetic acid and its ether have been 
obtained in two forms, which are described below 
as derivatives of (a) and (j8) sesculetic acid 

Trt methyl dei ivativc (OMe), C^Hj CO H 
[168°] Needles Solubleinalcohol, ether benzene, 
and hot water, spannglv in cold water Formed 
by the action of alcoholic KOH on the following 
body Its neutralised solution gives pps with 
AgNOg, CuS04,Znb04, and Pb(OAc)o 

Methyl ether C^H (OMe), C,H CO Me 
[109°] Prisms Distils undecomposed at a very 
high temperature Soluble in alcohol ether, 
and benzene, insoluble in water Formed by 
evaporating dimethylassculetm (1 mol ) with a 
solution of NaOH (2 mols ) nearly to dryness 
and digesting the residue dissolved in methyl 
alcohol with methyl iodide (Tiemann a Will, B 
16, 2082) 

(a) ^scuLKTic Acid CeH2(OH)g CH CH CO H 
Tr% ethyl derivative CJl CO^H 

[103°] Prepared- by saponification of its ether 
Changes when heated to its boihng point or boiled 
with strong HCl into the ()3) isomeride 

On reduction with sodium amalgam the tn 
ethyl derivatives of both (a) and {$) sssculetic 
acid give the same tri ethoxy phenyl propionic 
acid, C8H2(0Et)gCH2CH^C02Et, and with alkaline 
KlJn^^ the same tn ethoxy benzoic aldehyde, 
C,H (OEt)3CHO 

Ethyl Ether CgH2(OEt)g C^H^ CO^Et 
[61°], thick yellow pnsms, very soluble in alcohol, 
ether, and benzene, insoluble in water , prepared 
by^ heating di ethyl sesculetm with sodium 
ethylate and ethyl iodide at 100°, avoiding an 
excess of ethyl iodide and longer heating than 
four hours , on heatmg to its boiling point 
(above 230°) it changes into the (D) isomeride 
(Will, B 16, 2110) 

(fl) Mbcjtimtic Acn> C4lJ,(OH), CH CH COjH 

VoL. L 


m 

Trt^thyl <icrtuaftv«OgH,(OEt), C^jCOjH 
[144°], colourless silvery crystals, easily soluble 
in alcohol, ether, and benzene, nearly insoluble m 
water , formed by saponification of its ether, or 
by heating the (a) isomer to its boiling point 
Ethyl Ether C6H2(OEt)3 CA CO,Et 
[75°], glistening tables, easily soluble in alcohol, 
ether and benzene, insoluble in water, distils 
undecomposed above 360° , prepared by heating 
di ethyl eesculetin with ethyl iodide and sodium 
ethylate at 100° for 8 hours , it is also formed 
by heatmg the (a) isomeric ether to its boiling 
point (Will, B 16, 2108) 

JESCTTLETIN 

.CHCH 
\0 CO 

Occurs in very small quantity in horse chestnut 
bark Formed by the action of dilute acids or 
of emulsm on aBsculin (Rochleder, J 1863, 689) 
Preparation — A solution of SBScuhn in warm 
strong hydrochloric acid is boiled till it solidifies 
to a cr^^stalline pulp, this after washing with 
water is dissolved m warm alcohol , the solution 
precipitated with lead acetate, the precipitate 
of lead «esculetm is washed with alcohol and 
afterwards with boiling water, then suspended 
in boiling water and decomposed by hydrogen 
sulphide , the liquid is filtered at boiling heat , 
and the sesculetm which separates on cooling is 
recrystallised (Zwenger, A 90, 63) 

Properties — Very thin shining needles or 
scales consisting of C3H^04,H20 , bitter, slightly 
soluble in cold, more soluble in warm, water and 
alcohol, nearly insoluble in ether Aqueous 
solution exhibits a very faint blue fluorescenoe, 
considerably exalted, however, by addition of a 
small quantity of ammonium carbonate Deep 
green coloration with feme chloride , yellow 
i precipitate with lead acetate iEsculetin dis 
solves m hydiochlonc acid , and is oxidised by 
nitric acid to oxalic acid By boilmg with very 
strong potash lye, it is converted into formic, 
oxahe, protocatechuic, and sescioxalic acids , by 
sodium amalgam into sesciorcinol 

A hydrate CpHyO^iH^O, isomerio with 
daphnetin, occurs in horse chestnut bark in 
larger quantity than anhydrous eesculetin It 
IS less soluble in water than the latter, and 
crystallises therefrom in small granules Sub 
limes at 203°, and melts above 250°, converted 
into SBSculetm by heating at 200° m CO^ stream, 
also when crystallised from hot hydrochloric 
acid or from absolute alcohol mixed with strong 
hydrochloric acid (Rochleder, J 1863, 588) 

-ZEsculetm unites with MgO (Schiff, B 18, 
1951), and with solution of lead acetate forms 
a lemon yellow precipitate havmg the composi- 
tion PbC9H404 (Zwenger, A 90, 63) 

I)iacetyla:sculetinCigB.j„Ogi e CpH^Ac^O^, 
[134°] formed by treating BBsouletm with acetic 
anhydride and sodium acetate Crystallises from 
alcohol in prisms , from water in needles , dis 
solves in alcohol and ether, is not coloured by 
feme chloride , is easily saponified by heating 
with strong sulphuric acid at 30° to 40° (Naoh- 
bauer, A 107,248) 

Bromocesculetins — CpH 4 Br 504 , formed 
by treating dibromagsoulm with strong aulphuna 
acid, crystallises from alcohol in yellowish 
nee^es melting at 283°, slightly soluble iis 
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water -CgHgBr.O^, formed by adding bromine 
to a hot solution of flssouletin in glacial acetic 
acid, crystallises from alcohol in long yellow 
needles, melting with decomposition at 240® 
(Liebermann a Knietsch, B 13, 1591) 

Di acetyl di hrovio (ssculet%n 
C.gHyBrPa i e C«H Ac^r 0, [177°] 
Formed by acetylation of di brom sBBCuletin 
^srystallises from alcohol m slender needles 
D^ acetyl tr% hromo cbs culetin 
C, 3 H,Br, 0 e i e O^HAc BrjO^, formed by acetyla 
tion of tn bromfBBCuletin, or by brommation of 
diacetylo-sculetin, ciystallises in long very thin 
needles, melting, with decomposition at 180°- 
182° , insoluble in water (L and E. , Liebermann 
a Mastbaum, B 14, 475) 

Methyl ces c'liletin C^HyO^ t e 
€ 911402 ( 011 ) (OMe) [184^] IS formed by heating 
cesculetin (b pts ) with methyl iodide (15 pts ) and 
KOH (4 pts ) dissolved in a small quantity of 
methyl alcohol till the liquid becomes neutral 
On treating the product, after the gi eater part of 
the methyl alcohol has been given off, with 
water and hydrochloric acid, methyleesculetin 
crystallises out, while dimethyleesculetm re 
mams in solution 

Shining needles Soluble m cold dilute 
alkalis and in ammonia, and precipitated there 
from by acids Decomposed by boiling aqueous 
alkalis like aasculetm Insoluble in cold, but 
soluble in hot water, easily soluble in alcohol, 
ether and benzene, insoluble in light petroleum 
(Tiemann a Will, B 15, 2075) 

Dimethyl(ssculet%n, e 

C 9 H 4 O 2 ( 0 Me )2 [144°], is deposited from the 
mother hquor of the preceding compound on 
addition of ammonia Shining needles Easily 
soluble in alcohol, ether, and benzene, nearly 
insoluble in light petroleum , insoluble in cold, 
soluble in hot, water Dissolved by £[2804 and 
piecipitated by water H W 

Ethyl cBsculetin CgH 40 ^ (OH) (OEt) 
[143°], colourless crystals, soluble in alcohol, 
ether, benzene, alkahs, and hot water, insoluble 
in cold water 

Dt ethyl cesculettn CgH^Oj (OEt)^ 

[109°], colourless silvery plates, soluble m alco- 
hol, ether, and benzene, sparingly in hot water, 
insoluble in cold water and cold aqueous alkalis 
(Will, B 16,2106) 

Constitution — iEsculetin contains two hy 
droxyls, for it forms a di acetyl derivative The 
formation of protocatechuic and of tn ethoxy 
propionic acids and of tn ethoxy benzoic alde- 
hyde from aesculetin and tn ethyl essculetio 
acids respectively show them to be aromatic 
bodies If we compare the formulffl for cou- 
mann CpH^Oj, umbelliferon, CgH^Og and ffiscu 
letin, CeHgO^, we see that the two latter may be 
regarded as oxy- and di oxy coumarm That 
umbelliferon is oxy coumann has been proved 
by synthesis (Tiemann a Reimer, B 12, 993) 
All three bodies are fluorescent in alkaline solu 
tion, but methyl umbelliferon, CgH 502 (OMe) and 
methyl aesculetin fluoresce more strongly than 
bmbelliferon and aesculetin respectively, while 
di methyl aesculetin, CgH 402 ( 0 Me) 2 , fluoresces 
most strongly of all 

When coumarm (1 mol ) is evaporated with 
liaOH (2 mols ) and the residue digested with 


MeOH and Mel, il takes up the elements of 
MegO, becoming methyho methyl'^-Soumai^m 
.CH CH 

cm/ I -f 2KOH+2MoI- 
\0 CO 

CeH 4 (OK) CH CH CO 2 K + HgO 4 2MeI.<: 
C,H 4 (OMe) CH CH CO, Me 4 HjO 2KI 
But two isomerides^may be got in this way, one, 
(a), when excess of Mel is avoided andthefdiges 
tion 18 for 3 hours at 100°, the other (i8) by di- 
gesting for a longer time at 160°<^(W H Pei km, 
G J 31, 417 , 39, 409) Precisely the same re- 
action occurs when di ethyl aesculetin is digested 
with NaOEt and EtI, the two isomenc ethers, 
C H 4 (OEt )3 CH CH CO Et, being formed, the (a) 
compound when excess of EtI is avoided and 
the heating kept up for only four hours, the [0) 
compound by more prolonged heating In both 
cases the (o) compounds are changed by disLl 
lation into the (j3) compounds These reactions 
mdicate analogous structure 

It 18 howe\er, remarkable that di methyl 
aesculetin does not form a dibromide as cou 
marin does 

Paraaescnletin — C 9 Ha 04 C^) — Obtained by 
treating aesculetin with aqueous NaHSO,, at 
boiling heat, then adding rather dilute sulphuno 
j acid and afterwards alcohol, whereby Na SO 4 is 
farst thrown down, and then the compound 
C,H, 04 ,NaHS 03 , which when decomposed by 
sulphuric acid yields hydrated paraaesculetin 
CBHt. 04 , 2 ljH 0 in indistinct crystals easily soluble 
m water, sparingly m ether, more freely m alco- 
hol, less easily in wood spirit, nearly insoluble 
in acetone and chloroform, soluble in glacial 
acetic acid Paratesculetm exerts a strong re 
ducing action in alkaline solution, throws 
down metallic copper from Fehlmg’s solution at 
60° 70°, and reduces indigo at ordinary tempera 
ture Not attacked by acetic anhydride Ex 
posed m the moist state to ammonia vapour, it 
quickly turns red, then dingy violet, and changes 
after a few minutes to a sky blue hquid, which 
when left over sulphuric acid gives off ammonia 
and again turns red, from formation of eesciorcem 
(p 65) Converted by heating with aniline into 
fiBsculetanilide(Rochleder, J 1863, 589 , 1867, 752) 
C»H^ 04 ,NaHS 0 „^H 20 forms small needles 
According to Liebermann a Knietsch {J 1880, 
1028), the true formula of this compound is 
C 9 Hg 04 ,NaHS 03 , it probably therefore contains 
ahydro aesculetin H W 

iESCTJLIN C„H,«09 [^04 5°-205°] (H 

Schiff, B 14, 802) —Occurs in the bark of the 
horsechestnut {MscuIub Hippocastanum) es- 
pecially in Marcn before the buds open (Minor, 
B J 12, 274 , Jonas, A 15, 266) 

preparation — 1 Horsechestnut bark is ex- 
hausted by boiling with water , the extract is 
precipitated with lead acetate, and the Lltrhte, 
freed from lead by hydrogen sulphide, is evapo 
rated to a syrup The sesculin then crystallises 
out after a few days, and may be punhed by 
washing with water, and crystallising, first from 
weak spint (40 pc), then from boiling water 
(Rochleder a Schwarz, A 87, 186) — 2 The 
bark is exhausted with weak aqueous ammonia , 
the solution evaporated to dryness , the residue, 
mixed with alumina and exhausted with alcohol 
of 96 p c , and the lescuhn which orystalhsea 
from the alcohol 1 ^ agitated with water and 



AFFINITY 


67 


^er, and finalljr washed with benzene (Fair Nothing is known yet about the nature oi 
C JV 26, 4) chemical amnity, nor has a satisfactory hypothesm 

Properties - — Small pnsms, composed of been suggested ooncermng it The oldest oon- 
C, 5 H, 509 , 2 H ,0 Bitter, sparingly soluble in cold, oeptions concerning the reasons why substances 
,jasily in boiling water, the solution coagulating react on each other reach back to Greek philo- 
on ^oolmg 1 pt dissolves in 24 pts boiling sophy , nothmg has survived of them except the 
alcohol Very slightly soluble in absolute ether, name affinity, which preserves the notioi^ that 
soluble in glacial acetic ai3id and ethyl acetate those substances which are of the same origin or 
(Trommsdorff, A 14, 200) The aqueous solu of the same kind, and which therefore are as it 
tion IS slightly acid, and exhibits a blue fluores were related to each other, possess the power of 
cence which disappears on addition of acids, mutual reaction It is now known that the con- 
but 18 restored by alkalis Dissolves in alkalis trary of this is more correct Moreover, the 
more readily than in water reason of the greater or smaller facihty with 

Reactions — 1 iEsculin is resolved at 230° which substances react chemically was conceived 
into glucosan and essculetm C, 5 H, 0 O„= to be somewhat similar to human quahties — sym- 
C«H,o 05 + CBH 804 (Schiff) , by digestion with pathy and antipathy These conceptions held 
Qilute mineral acids or by treatment with sway as long as the philosophy of Aristotle 
emulsin, into glucose and assculetm (Rochleder reigned The breach with these ideas, which was 
a Schwarz, A, 88, 356) , by boiling with baryta brought about by Gahleo’s mechanics, intro- 
water into glucose and sesculetic acid (Rochleder duced mechanical ideas into chemistry also 
J pr 69, 211) — 2 Converted by sodium The ultimate particles of substances were ima 
amalgam into hydiaBSculin (Rochleder) — 3 gined as furnished with points, edges, and hooks. 
Agitated with a small quantity of nitric acid, it by the aid of which were brought about their 
yields a yellow solution which assumes a deep decompositions and combinations Sir Isaac 
blood red colour on addition of ammonia this Newton’s discovery of the general mutual action 
reaction affords a delicate test for assculin of masses introduced a new phase into the con- 
(Sonnenschein) — 3 Cone H (4 drops) ception of nature The idea of an attractive 
followed by NaOClAq gives a violet colour (Raby, action between one small particle and another at 
J Ph [5] 0, 402) a distance was introduced by Newton himself 

^sculin forms with magnesia, the compound into chemistry, in ordei to explain the mutual 
2C,5H,gOnMg(OH)_j, which is \ellow and dis reactions of bodies He did not, however, con- 
Bolves readily in water (fechiff, B 13, 19o2) sider the cause of chemical actions as identical 

Pentacetylcesculin with that of general gravitation, but as different 

C^jH fiO ,4 1 c C, H,,Ac Op from it, especially as regards the law concerning 

Formed by heating eescuiin with acetic oxide action at a distance 

crystallises from alcohol in small needles melt Later investigators, Buffon, Bergmann, Ber 
mg at 130° (Schitf, A 161,73, B 13,1952) thollet, assumed, on the contrary, that both 

Di bromo cescwZin C, H,,BrOft forces are of the same nature, and that only the 

Is obtained by gradually adding bromine in circumstances under which chemical forces act — 
calculated quantity to a solution of tesculin m especially the close proximity of the reacting 

glacial acetic acid Crj stallises from glacial particles— cause an apparent difference 

acetic acid in small needles , melts and decom An influence similar to that due to Newton’s 
poses at 193°-105° Sparingly soluble in alcohol, astronomical disooverv was exerted at the be- 
Btill less in all other solvents (Liebermann ginning of this century by a physical discovery, 
a Knietsch, B 13, 1594) that of the electric current The great chemical 

Pentacetyl dihromo CBSculin activity of the current was soon noticed By its 

C 25 H^jBr^O ,4 ^ e CisHi.BrjAc^Og, piepared m like help Davy decomposed the alkalis and earths, 
manner from dibromffisculin, forms slender and Berzelius made use of the phenomena of 
needles, melting at 203°-206°, converted by electrical decomposition for the foundation of a 
strong sulphuric acid into dibromapsculetin theory concerning chemical compounds, which 

Pentabenzoylu sculin C^t,H,yO ,4 le rested on the supposition that chemical attrac 
CjftHiiBzjOg, forms nodular groups of crystals tion was nothing but the attraction of the oppo 
sparingly soluble m ether, freely in hot alcohol site electricities concentrated on the smallest 
(bchiff) parts of substances 

TrianilBBBCulin The electro chemical theory of Berzehus was 

CjaTIjiNsOat e C, 5 Hj^(NCyH^)gOfl, from aesculm and the first chemical theory which was based on 
aniline by prolonged heating at 200° Amor facts Owing to this it obtained great import- 
phous brown powder, soluble with red colour in ance Taking into account the needs of the 
alcohol (Schiff, B 4, 472) H W time, Berzehus developed his theory only with a 

• JBfFHAL V Cetyl Alcohol view towards classification , but it did not con- 

2BTH0K1EK1N The yellow colouring matter tribute anything towards the investigation of the 
of the flowers of Antirrhinum Linaria H W nature of chemical affinity 

AFFINITY —Chemical affinity is that pro The last great change in the views concern* 
perty of bodies in virtue of which, when brought mg affinity took place m the middle of this cen- 
m|o contact, they react on each other, forming tury, and was brought about by Mayer’s and 
new bodies It can be called a force, in so far Joule’s discovery of the equivalence of * forces,’ 
as by its action energy IS produced, namely, heat, or more strictly, of ‘the actions of forces* It 
hght, electrical or mechanical energy And, was recognised that chemical affimty was to be 
vice versd, energy must be employed to reverse classed with mechanical, electrical, and thermal, 
the action of chemical affimty, and to decompose energy, in so far as it is convertible into any ol 
the oombmed substances. these, and can be produced from each of them, 

r 2 
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When this was known, the need to trace back the 
mode of action of the forces of affinity to other 
known actions of forces ceased to exist, as a 
great many inferences could be drawn from this 
experimental fact, and a special hypothesis did 
not seem called for 

Two different views have been held concern 
mg the way in which chemical forces act, and 
each of these has still its followers at the present 
day First it was imagined that the force acting 
between two different kinds of matter is similar 
to that acting between two masses , it brings 
the ultimate particles nearer together, and, if 
under the given circumstances this is possible it 
produces combination It would be difficult to 
entertain different ideas concerning the simple 
process of combination The task becomes far 
more difficult when it is a question of simulta 
neous decomposition and combination Very 
often a substance acts on another which is a 
compound without combining with it as a whole, 
but only combining with one of its constituent 
parts, and expelling the other from the original 
compound The hypothesis indicated above re 
fers these facts to the opposite action of two 
forces, similar to two mechanical forces opposite 
in direction and unequal in magnitude, which 
produce motion in the direction of the greater 
It was imagined that the stronger chemical 
affinity overcame the weaker, and produced 
chemical action in its own direction 

It was in accordance with this conception that 
‘ tables of affinity ’ were compiled which were to 
give an account of the force of chemical affinity 
accordmg to its order Such tables were first 
published in 1718 by H Geoff roy They con 
tamed, under the head of any one substance, a 
series of others, all of which could enter into 
chemical combination with the specified body 
They were so arranged that the preceding body 
would always replace all the following bodies from 
their combinations with the one at the head of 
the list Such tables of affinity, which were very 
popular durmg the last century, culminated in the 
works of Bergmann, who collected the ideas in 
dicated above in a theory of affinity Bergmann 
recognised that substances can react differently 
according to circumstances, and therefore he 
gave two tables for each substance, one for the 
action in aqueous solution — ‘ in the wet way ’ , 
the other for the action at the temperature of 
fusion—* m the dry way ’ Beyond this he kept 
to the idea that chemical affinity always acts 
exclusively in one direction, so that under all 
circumstances a smaller affimty is overcome by 
a greater 

To Claude Louis Berthollet is due the great 
merit of having shown this view to be too nar 
row According to him, besides ‘the mtensity 
of the forces,’ the ‘mass’ of the reacting sub 
stances is of importance, in so far as under the 
same conditions the action is the greater the more 
of the reacting substances there is present * Toute 
substance qui tend d entrer en comdyvriaison^ agit 
en raison ds son affimte et de sa quantity ’ {Sta~ 
Jtiqm chimique, p 2) This is the concise expres 
Bion of the new idea which Berthollet introduced 
into the theory of affinity But it was reserved for 
a much later time to develop this idea scienti 
fically, since one of the chief apphcations which 
Hb author made of it —namely, the inference 


that compounds according to fixed proportiont 
do not exist, but only such as vary m oompoS{i 
tion within fixed limits — was proved to be falsa. 
The proof of this error which was given by 
Proust, Berthollet’s compatriot, brought ali3</ 
the correct foundation into discredit To vhis 
must be added, that in the discoveries of Kichter, 
Dalton, and Berzelius, the science found such 
important and productive tasks that there was 
no inducement to investigate what of truth was 
left in the partially refuted hypothesis of Ber- 
thollet The idea of ‘ influence of mass ’ is the 
first, but not the only, conception which the 
science owes to Berthollet This chemist fur- 
ther recognised the decided influence of the 
physical states of the reacting bodies on the 
final results of the actions of affinity He 
taught that the simple action, according to the 
measure of affinity and mass, holds only for 
homogeneous mixtures, but holds no longer when 
by the appearance of certain substances in a 
different state of aggregation the chemical equi 
librium 18 disturbed The influence of ‘ cohesion * 
and * elashczte,' the results of chemical ac- 
tions, were explained by him perfectly clearly , 
how first equilibrium is established in the usual 
manner, but is afterwards disturbed by one of 
the substances separating out m a different s+ate 
of aggregation , in consequence of this, a fresh 
quantity of this substance is formed, and is 
again separated, and thus the process repeats 
Itself until the substance in question — gaseous 
or solid — has been entirely, or almost entirely, 
removed from the changing system A chemical 
reaction carried to completion, which had been 
taken by Bergmann to be the normal case, ap- 
pears, accordmg to Berthollet, as the exceptional 
case, and occurs only because of differences in 
the states of aggregation of the reacting sub 
stances 

The decision between these two fundamen- 
tally different views has not yet been completely 
made Even now, Bergmann’s theory is pro- 
pounded by some inve«!tigators, though in a 
somewhat modified form In place of the 
greater or smaller affinity, the greater or smaller 
production of heat is considered by these inves- 
tigators as decisive of the course of a chemical 
action , the fundamental idea, however, the ‘ ex 
clusiveness ’ of the reaction, is presupposed bv 
them also In order to explain those partial re 
actions m the opposite direction, which certainly 
occur, those who maintain the theory of Berg- 
mann are obliged to admit that such partial re 
actions are possible under certain conditions, 
notably under the influence of heat These 
authorities are therefore under the necessity of 
proving the presence of such special conditions 
m all those cases wherein we deal with incom- 
plete reactions Berthollet’s theory, on tne 
other hand, by making use of one and the same 
prmciple, embraces both kinds of chemical ao 
tion, and teaches us to consider the one as the 
limiting case of the other Apart from this 
logical advantage it has another , it allows ua 
to apply definite laws, which can be stated in a 
mathematical form, to the action of affinity 
taken in conjunction with the action of mass 
But this cannot be done by Bergmann’s theory, 
whether in its old or m its new ffirm 

Berthollet’s viewp met with respect and ap- 
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mwdation from his contemporaries, bnt not with 
contm^lation and development , because che 
mistry began at this time to follow another path 
Irhioh had been opened up by Dalton and Ber 
aelibs Thus it was possible for the funda 
mental fact of the iftfluenoe of mass, the fact, 
namely, that chemical aotibn decreases and in 
/creases with the relative quantities of the acting 
substances, to be denied , and it became neces 
sary to prove \hiB fact at length by many special 
cases before it could be regarded as a secure 
property of science One of the first mvesti 
gators to whom the merit of this proof is due 
was H Bose (P 82, 545), who showed that m 
tj^e formation of many carbonates of the heavy 
metals, by precipitating aqueous solutions of the 
salts of these metals by sodium carbonate, the 
precipitates contained less carbonic acid and 
more metallic hvdroxide the more water was 
present in the original solutions It followed 
therefore that the water, according to its quantity, 
expelled the carbonic acid from its combination 
with the metal Bose found further (P 94, 481 , 
95, 96) that when barium sulphate was fused 
with an equivalent quantity of potassium car 
bonate it was only partially converted into car 
bonate If the quantity of potassium carbonate 
was increased, appreciably more barium sulphate 
was decomposed, but only with a proportion of 
6 to 7 equivalents did the decomposition become 
approximately complete 

Another case of the influence of mass was 
investigated by Bunsen {A 85, 131) If to a 
mixture of carbonic oxide and hydrogen a 
quantity of oxygen is added, less than sufhcient 
for the complete combustion of the two gases, a i 
division of the oxygen between the two com 
bustible gases take place The proportion in 
which the oxygen combines with either gas 
depends on the relative masses of these gases 
Bunsen’s further result, that these proportions 
can be expressed by some small multiples of 
the atomic weights of the gases, has been re 
cognised to be an error Debus {A 86, 103) 
proved in Bunsen’s laboratory the fact of the 
influence of mass on the precipitation of mixed 
solutions of lime and baryta by insufficient quan- 
tities of carbonic acid In 18b5 Gladstone {Tr 
1855, 179 , and C J d, 64) proved the general 
truth of the influence of mass in various ways 
His method consisted in using certain definite 
physical propert^s, especially colour, and the 
rotation of the plane of polarisation of a ray of 
light, from measurements of which to draw con 
elusions concerning the arrangement of com 
pounds m a homogeneous solution Thus, by 
comparing the colour of pure feme sulphooyanide 
w;th the colour produced in mixed solutions of 
iron falts and potassium sulphocyanide, the same 
amount of iron being present in both solutions, 
he established the fact, that by the reaction of 
three equivalents of potassium sulphocyanide 
and one equivalent of an iron salt, only 13 per 
cant of feme sulphocyanide was formed, and 
that even m the presence of 876 equivalents of 
potassium sulphooyanide the whole of the iron 
nad not been converted into sulphooyamde 
By this and similar methods Gladstone esta- 
blished the following laws 

1 When two or more hmary compounds are 
iiuxed 80 that aU resulting oompounds have the 


power of reacting on each other, each electro- 
positive element enters into combmation with 
each electronegative element, and it does so 
according to fixed and constant proportions 

2 These proportions are independent of the 
manner in which the different elements are ini 
tially arranged They are also not only the 
resultants of the various forces of attraction 
between the different substances, but depend 
also on the mass of each of these substances 

3 An alteration in the mass of one of the 
bmary compounds produces a change in the 
quantity of each of the other binary compounds, 
and it does so in a ratio which progresses regu 
larly Sudden changes occur only when a sub- 
stance can combine with another m more than 
one proportion 

4 The equihbrium of affinities is generally 
established after a very short time, but in some 
cases the elements attam their final condition 
only after hours 

6 The resulting effects are completely al- 
tered when precipitation, volatilisation, crystal 
lisation, and similar phenomena, occur , in such 
cases the equilibrium which had been established 
at first 18 again disturbed by the removal of 
some of the chemically active substances 

Harcourt and Esson (C J [2] 6, 460) ex- 
amined the reaction between hydrogen peroxide 
and hydnodio acid, and also that between potas- 
sium permanganate and oxalic and sulphuric 
acids They concluded that ‘when any substance 
is undergoing a chemical change, of which no 
condition varies except the dinnnution of the 
changing substance, the amount of change oo 
I curring at any moment is directly proportional 
to the quantity of the substance ’ 

The principle, first established by Steinheil 
{A 48, 153), of determmmg the chemical com- 
position of a homogeneous liquid by means of 
physical measurements, was put to practical 
use by Gladstone m various ways His measure- 
ments might have served as a direct basis of a 
theory concerning the influence of mass, had 
such a theory existed But even the extensive 
investigations of Berthollet and St Giles on the 
etherification of acids and alcohols (^4 Ch 61, 
66 , 66, 68), by which the chemical influence of 
mass had been confirmed and the magnitude of 
this influence had been measured, did not give 
rise to the formulation of a mathematical theory 
of affinity 

Meanwhile a number of theoretical concep- 
tions, some of old standing, were pointing in 
the same direction As far back as 1861 Wil- 
liamson {A 77, 37 , and C J 110) m hie 
fundamental researches on ethenfioation, had 
propounded a theory concerning the course of 
chemical reactions, which explained, better than 
had been done before, the nature of the chemical 
influence of mass Acoordmg to him, substances 
which react on each other, when m contact or 
mixed together, are by no means m a state of 
neutral equihbnum, but rather m one involving 
a continuous exchange of constituents The 
final result of the reaction depends on the direc- 
tion in which this exchange of constituents can 
take place most easily and most frequently The 
state of chemical equihbnum amved at under 
any conditions is thus not a statical one, in which 
the forces balance each other and so no more 
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produce any effect, but is rather a dynamical 
state, in which two opposite reactions occur con 
tinually to the same extent, so that the average 
state of the system remains the same 

Williamson’s theory was accepted for the 
■special case for which it had been propounded. 
Neither the author nor any of his contemporaries, 
however, made an application of it to the general 
explanation of chemical reactions Meanwhile, 
hypotheses were developed on an entirely 
different basis, which agreed with this theory in 
a most remarkable manner These are the 
views concerning the gaseous state, which, hrst 
propounded by D Bernoulli, and afterwards, m 
dependently, by Herapath, Joule, Kronig, and 
Clausius, were developed by Clausius and Max 
well in a mathematically well founded theory of 
the states of aggregation According to this 
theory, bodies are made up of molecules, which 
are in a state of continual motion In the case 
^f gases this motion is rectilinear, until the 
molecules meet with some resistance, whereby 
they are caused to rebound according to the laws 
of collision of elastic bodies The velocity of 
motion increases with the temperature, and is 
inversely proportional to the square root of the 
molecular weight of the gaseous body Like 
wise, there is motion within the molecules, which 
motion 18 of the nature of oscillations, the in 
tensity of which bears a constant ratio to the 
motion of the molecule as a whole Moreover, 
at any specified temperature, the molecules of a 
homogeneous gas have not all the same velocity, 
but have different velocities varying from the 
mean value in such a manner that deviations from 
this value are the fewer the greater they are 
In the case of liquids, the molecules have no 
longer the power of translational motion, but 
are compelled to fill a definite space owing to 
the forces which act between them In other 
respects the statements made for gases hold good 
for liquids also especially those referring to the 
differences of condition of the various molecules 
of a homogeneous substance at a constant tern 
perature The theory has been least developed 
for the case of solids, here it is to be assumed 
that the intermolecular forces assign to the 
various molecules very definite relative positions 
of equihbrium {v Aogregation, States or, p 87) 
The application of these ideas to chemical 
processes has been made by L Pfaundler (P 
131, 55) It can easily be seen bow they directly 
lead to conceptions which do not appreciably 
differ from those of Williamson The molecular 
conceptions are, however, a decided improve 
ment on those of Williamson, since, in the 
differences of the conditions of various mole 
oules, they supply a reason for the continuous 
interchange of atoms which Williamson supposed 
to occur When the velocity of motion exceeds j 
a certain amount, there will always be present 
some molecules in which this velocity is so great 
that the connection between the atoms is 
loosened or destroyed These molecules are 
then ready to interchange their constituent 
atoms, wMe other molecules, which have A 
smaller velocity, will not do so This is the 
explanation for partial reactions The same 
conceptions, when shghtly modified, lend them- 
selves to the explanation of the mfluenoe of mass 
and to that of reversible reactions. 


At the same time as these hypotlieseB con 

cemmg the mechanism of chemical p:?ooesset 
were developed, Guldberg and Waage {Etudes 
sur les AffiniUs chimiques, Christiania, 186^) 
laid the foundation for the exact developmefct of 
the theory of affinifcv by establishing a mathe- 
matical law for the’^ influence of mass Their 
work marks an epoch in the history of affinity. 
It was they who first gave a possibility of deter 
mining numerically the intensity of chemical 
affinities, though at first only as relative magm- 
tudes 

The law established by these two investigators 
states ‘ that chemical action is proportional to 
the active masses of each of the subatanofs 
participating in the reaction ’ By active mass ’ 
18 understood that quantity of the substance 
participating in the reaction, measured in 
equivalents or in molecular weights, which is 
contained m unit volume of the system This* 
18 the same idea as underlay the views of 
Berthollet , it is the same, only freed from the 
errors which were attached to it in his time and 
thrown into an exact mathematical form 
I Guldberg and Waage lay special stress on the 
I fact that, when the action of several substances 
on each other is proportional to the active mass 
of each separately, the intensity of the reciprocal 
actions among the substances is measured by the 
product of these masses 

In their earlier paper Guldberg and Waage 
developed the equations for the chemical equili 
brium of opposite reactions by putting the 
chemical forces as propoitional to the product 
of the active masses On the other hand, as 
proportional to these same forces they put the 
velocities of the reactions, i e the relation be 
tween the quantity of substance changed and 
the time necessary to effect the change In 
their later papers it was found better to refer the 
considerations, not to the forces, but to the 
velocities of the reactions, since these are capable 
of exact definition, and to leave out of account 
altogether the somewhat vague idea of chemical 
forces According to this conception, chemical 
equilibrium results when the velocities of the 
opposite reactions have become equal, t e when 
the quantity of substance undergoing a certain 
change is equal to the quantity formed by the 
reverse process It is evident that this is the 
same theory as had been framed by Williamson, 
and developed by Pfaundlerf The empirical 
law of the influence of mass thus receives a 
reasonable foundation m the molecular theory 
of matter The effect is proportional to the 
active mass, because the number of molecules 
which can react is proportional to the mass 
On these lines Van’t Hoff {B 10, 669) has ^e 
duced the law of the influence of mass* He 
retains exactly the form given to it by Guldberg 
and Waage , and m a later paper {J pr [2] 19, 
69) these authors accepted tlms formal improve 
ment 

In the following part I propose to give a short 
systematic review of d^emical kinetics, or the 
doctrine of the course of chemical actions, and 
to deduce from it the conditions and equations 
of oheiDioal equilibnom, further on, the theo- 
retical conceptions thus gained will be used in 
the practical determiiyition of the magnitudes of 
affinities The theoretical part is ba^ maifldp 
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s paper of Quldberg and Waage mentioned 
book recently published by Van’t 


6 n tue ] 

above 

Hoff {Etudes de Dynamique chimiqttej is also 
C* importance, and has been of great use to the 
author, though he by no means agrees with the 
whole of its contents 

Chemical Kinetics — Ldt us suppose some 
^lubstance to be undergoing chemical change 
Then in any time, dt, some quantity, dxy will 
have been changed We define the velocity of 
the chemical reaction, c, as the ratio of the 
quantity changed to the time taken for the 
dx 

change, and we therefore put c «= -7- The quan 

dt 

titles of the reacting substances are in every 
case measured by formula weights 

The quantity of substance changed will be 
dependent on many conditions Among these 
we find such as are constant, or can be kept 
constant, during the whole process Such are 
temperature, pressure, volume, &c One condi 
tion, namely, the quantity of substance under 
going change, neces&ariiy varies during the pro 
cess, and we have to find an expression for the 
velocity of the change as a function of this 
quantity This may be done by putting 


where the constant factor k represents the con 
stant conditions, and / (sCjCCj) the conditions vary- 
ing with the quantities x^ Concerning 
the form of the function / [x^x ) information has 
been sought and found in vanous ways All 
the results arrived at are concordant, and show 
the function to be one of direct proportion This 
result has been arrived at empirically, and also 
theoretically as a deduction from various assump 
tions Guldberg and Waage did the first , Horst 
mann, and others after him, showed that for 
certain cases, especially for gaseous compounds, 
the law of direct proportionality between chemical 
action and mass follows as a necessary conse 
quence from the second law of thermodynamics 
Gibbs has made this result perfectly general 
The kinetical theory of the constitution of matter 
leads to the same result, by considering the pro 
babilities for the occurrence of those arrange 
ments of particles which make chemical change 
possible 

Before, however, the proof for the law of 
direct proportion between chemical action and 
mass can be ai^mpted we must distinguish be 
tween the vanous types of chemical reactions 
As a rule, chemical action does not take place m 
the presence of one substance only, but more 
than one is needed to bring about the final result 
Since the final result is propoitional to the mass 
bl aaoh separately, we have quite generally 

®„a5„aj„ *4, OJ, 
at 

where «„ «» are the quantities of the 

vanous substances, and x the quantity of sub 

f tance formed by their reaction All these quan 
itaes are measured according to the ratios of the 
molecular weights of the various substances 
The simplest case is that in which one sub- 
stance only undergoes change during the reac- 
tion, or that m which the change of only one 
Bubstanoe has to be taken into account The 
first case ooouxs when, for example, a substance 


18 decomposed, or when it undergoes a molecular 
transformation , the second occurs when the 
other substances partioipatmg m the reaction 
present in such quantities that the dumnution of 
them occasioned by the chemical change is not ap- 
preciable Since, then, the factors ®2, x 

disappear or become constant, we have 


The velocity of the reaction at any instant is 
proportional to that quantity of substance un- 
dergoing change which is still within the sphere 
of action 

This equation was first established by Wil- 
helmi (P 81, 413) in 1850 for the mversion of 
cane sugar Since that time it has been con- 
firmed in many ways In order to compare it 
with the empirical results it must be integrated 
If we put the quantity of substance present at 
the beginning of the change = a, then, after any 
time t, a quantity x will be decomposed, and, 
since we are dealing with molecular units, x will 
at the same time represent the quantity of the 
product of decomposition formed The quantity 
of substance present at the time t is (a — x), 
and we have therefore 

( 1 ) 


dx 


k di 


a—x 

—log {a — x)^kt'+ constant, 
where log represents the natural logarithm In 
order to determine the constant of integration, a 
definite pair of values for x and t must be taken 
We put both simultaneously equal to zero, t e, 
we begin the time from the instant when the 
decomposition begins, and thence we get 
— log a = constant, and 


log a— log (a— ®) *log — ^ « W 
a — x 

In order to pass from the natural to the common 
logarithms we have only to multiply the con- 
stant k by its modulus 

Some senes of experiments illustrative of 
this equation will now be given The first of 
these refers to a simple decomposition, the 
change of dibromosuccmio acid into dibromo- 
maleic acid and hydrobromic acid, 

C H By,{COOR), = C2HBr(COOH)2 + HBr, 
a change which occurs in aqueous solution at 
100 This reaction has been studied by Van’t 
Hoff {Etudes de Dynamique chimique^ p 13) 
The progress of the decomposition can be traced 
by titrating with standard alkali The amount 
of alkali required for neutralisation before the 
action began was 10 25 (arbitrary units), and 
when the change was finished the amount of 
alkali was 15 32 The excess of alkah used, 
over 10 21, at any stage of the change is put as 
equal to X For a we have 6 11, since two 
equivalents of dibromosuccmic acid give one 
equivalent of hydrobromic acid Van’t Hoff’s re- 
sults are presented in the table given on next page 
The constancy of the value of k, as shown m 
the last column, furmshes a proof of the truth 
of the equation used 

A second senes of experiments dealmg with 
the mversion of cane sugar by meitns of snl- 
phuno acid is taken from the experiments of W 
Ostwald (/ pr 29, S94) The action is one of 
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r (axinates) 

unlt8 

alkali 

S 


k 

0 

10 21 

0 00 



__ 

s 

10 63 

0 32 

0 0281 

0-0141 

4 

10 79 

0 68 

0 0o24 

0 0131 

6 

1105 

0 84 

0 0776 

0 0129 

6 

11 25 

1 04 

0 0988 

0 0124 

10 

1165 

134 

01320 

0 0132 

18 

11 94 

1 73 

0 1795 

0 0138 

18 

12 29 

2 08 

0 2269 

0 0142 

18 

12 63 

2 31 

0 2612 

0 0138 

SS 

12 84 

2 63 

03116 

0 0143 

S6 

13 03 

2 82 

0 3187 

0 0134 

80 

13 30 

8 09 

0 4027 

0 0135 

84 

13 67 

8 36 

0 4647 

0 0137 

88 

13 71 

8 60 

0 6009 

0 0129 

46 

14 05 

3 84 

0 6038 

0 0135 

62 

14 82 

4 11 

0 7077 

0 0137 

60 

14 52 

4 31 

0 8011 

i 0 0135 

71 

14 69 

4 48 

0 906b 

0 0198 

90 

15 03 

4 82 

1 2441 

0 0138 


the type called catalytic, i e the substance which 
brings about the change (m this case sulphuric 
acid) does not itself undergo any change The 
sugar, by taking up water, is changed into 
dextrose and lasYulose The rotatory po\ver 
changes in the same proportion as the decom 
position proceeds , the course of the change can 
therefore be traced by means of the polariacope 
The original solution rotated 25°04' , when com 
pletely inverted it rotated — 8°15' so that the 
total angle passed through was 33*^19', this 
number is at the same time the measure of the 
total amount of sugar, and must therefore be 
put = a For x we have the difference 25°04 — id, 
where w is the angle of rotation produced by the 
solution undergoing change at time t 


t (minutes) 

to 

X 

1 

t 

56 

20 ■'20 

4 84 

0 0684 

0 0001180 

114 

16^28 

8 76 

01331 

1168 

197 

1P34 

13 70 

0 2315 

1176 

263 

8^30 

lb 74 

0 3062 

1161 

894 

3^35 

21 69 

0 4602 

1169 

686 

-r39 

26 43 

0 6909 

11«2 


Similar experiments have been made for many 
other cases and have given like results For 
non-reversible chemical reactions, which depend 
on the quantity of a single substance only, the 
above formula holds good quite generally , it can 
however be proved only in the case of reactions 
which are sufficiently slow to allow of measure 
ment 

A second mam division of chemical processes 
is formed by those which involve the presence 
of two different substances In such cases the 
general equation (1) takes the form 
dx 


dt 




(2) 


Two cases have to be distinguished here , either 
the quantities of the reacting substances are 
equivalent with respect to the chemical change 
considered, or one of them is present in excess 
Putting these quantities » a and 6, then either 
ft- 6 or a> 6 In the first oase we have to put 
ft, and we get 


gad mtegrating 



(8) 

— >ftJM 

W 


where the constant of integration if ctetermined 
on the same suppositions as before • 

Decompositions of this type have often been 
investigated experimentally The example given 
here is a senes of experiments by Ostwald {J#pr 
27, 1), on the decompositvDn of acetamide by 
acids, especially by •trichloracetic acid Thia 
change takes place according to the equation 
CH3 CONH 4- CCI3 CO2H + H3O »• 

CClg COONH, CH3 co>a 
The quantities both of acetamide and trichlor- 
acetic acid diminish, with production of inert 
ammonium tnchloracetate, and acetic acid, which 
acid under the conditions of the experiment 
exerts little or no influence on the change In 
the following table t stands for the time 1 *. 
minutes, x for the quantity of ammonium salt 
formed (or, what is the same thing, for the 
quantity of acetamide decomposed) measured in 
units such that the total quantity a - 26 80 


t 

X 

X 

a—x 

ak 

15 

3 13 

0132 

0 0088 

80 

5 52 

0 260 

0 0087 

45 

7 61 

0 397 

0 0086 

60 

9 23 

0 525 

0 0088 

90 

12 01 

0 811 

0 0090 

120 

13 h2 

1065 

0 0089 

150 

15 51 

1 375 

0 0092 

180 

1G59 

1 623 

0 0090 

240 

lb 33 

2 169 

0 0090 


These results show that the quantity 


18 constant, as is required by theory 

A second series of experiments by R Warder 
{B 14, 13bl) on the saponification of ethylio 
acetate gave similar results Equivalent quan- 
tities of ethylic acetate and soda were mixed, 
and portions taken from time to time were neu 
tralised by dilute acid The quantities of acid 
used— these will be called s — give the quantities 
of the substances not yet decomposed In each 
experiment the soda alone would have used 
lb 00 c c of acid , hence we have a =* 16 00 and 
a; = 16 — s, therefore also a — a; =«= s 


t (minutes) 

t 

X 

X 

a—x 

r 

ak 

5 

10 24 

5 7b 

0 563 

0113 

15 

6 13 

9 87 

1601 

0107 

25 

4 32 

11 68 

2 705 

0108 

85 

3 41 ' 

12 59 

8 69 

0106 

55 

2 31 i 

13 69 

6 94 

0108 

120 

110 

14 9 

13 66 



Again ak is sufficiently constant When a and b 
are different, a;, becomes a^x, and aj, becoznea 
b-x , then 


^»ft(a-a:)(6-«)«fc{a;*-(a + b)aj + a6} (6) * 
the integral of this equation is 

The yabdity of this equation has bssn proved by 
T Flood (P M [b] 6, *71) 
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Th#^ two types of non reversible ohemioal 
ftotioQS whioh have been just considered com 
pnse all non reversible actions which have been 
accurately studied To be consistent, we must 
assume that in chemical reactions which involve 
more than two, say three, substances, an equation 
corresponding witli those^ given ought to hold 
good Thus when three substances are present 
dx 

In eqmvalent quantities, ^ and 




2ax—x^ 


kt 


(7) 


But no reaction has been observed with sulh 
Dient certainty the course of which proceeds 
according to this, or according to a higher, equa 
tion 

Moreover, a complication may arise from the 
simultaneous occurrence of several reactions 
For such a case the principle of the ‘ coexistence 
of reactions ’ is important , this principle states 
that every reaction proceeds as if it alone took 
place This principle is of paramount impoit 
ance , it forms the connecting link between the 
simple reactions, and those of so called chemical 
squilibnum For the mathematical expression 
of the coexistence of reactions when one and 
the same substance is affected by the various 
changes, we have the following, 

=» /c x^x^ 4- k'x\x\ 4 k"x"x^’ 

[f, however, the coexistent reactions take place 
among different groups, which are themselves 
Kuthout effect on each other the equation of 
pelocity has to be developed for each separately 
wnthout regard to the others 

No experimental investigation of the law of 
coexistence has as yet been published The 
ipplication of this law in the theory of affinity 
eads, however, to results which agree with ex 
penence, and the law may therefore be considered 
io be experimentally proved 


Beversible Beactions 

The processes investigated above frequently 
represent only one part of the actual reactions 
[n many cases the substances formed mutually 
react to reproduce the original substances In 
juoh cases the process does not end with de 
composition , but a permanent final state is 
imved at in which the original substances, as 
well as the products of their double decomposi 
tion, are coexistent In such a case the final 
system is said to be in chemical equilibrium 
Bere we have to consider on the one hand the 
velocity of the reaction, on the other hand the 
proportion of the masses for which chemical 
squilibrium results As aids in the first part of 
Siiis*mqmry we have the equations given above, 
together with the principle of coexistence m 
investigating the second part of the problem we 
bave the following condition chemical equili 
briAMn results when the velocities of the opposite 
reactions have become equal 
* The establishment of ohemioal eqmlibnum is 
conneoted with the second type of ohemioal reac- 
tions [equations (8) (4), and (6) (6)], respectively 
B^or the velocity of each of the reactions we have 
dx^ dad' 


and equilibrium results when 
dx' dx" 

Si =dr “ 

Tilts is the equation first established by Guld- 
berg and Waage Putting the initial quantities 
of the substances as _p, g, p', and g', when the 
substances p' and q' are formed by the reaction 
of p and q and vice versd, equilibrium will re 
suit when a certain quantity £ of p and q has 
been decomposed Then the quantities p — |, 
g — {,p' + i, g' + i are in equilibrium, and | has 
the same value throughout, since the quantities 
p, q, &c are measured according to equivalents 
The quantity ^ may be positive or negative 

The equation of equilibrium then takes the 
following form — 

k'{p-^){q-^)^k"ip' + ^){q' + i), ( 8 ) 

from which a value for ^ is found, 
t = ^'{P + g ) + 4 q') 

^ 2{k'-k') 


V( 


^^(P + g) + ^'(p'4-2'y k'p'q' - k'pq 
2{k'-k") ) V-k'' (9) 

The minus sign holds when 
and vice versd 

By making certain assumptions, this ex- 
pression may be considerably simplified If at 
the beginning of the reaction the substances p 
and q only are present, m equivalent quantities^ 
p-q and p'^q' = Oy and it follows that 




VI 


(9a) 


V!. 


y/ + l 


The equation of velocity takes the following 
dx 

form The resultant velocity ^ is the differ- 
ence of the partial velocities 
^ = k'{p-x}{q-x)- k"{p' + x){qf + as) (10) 

Introducing a new constant h we have 
h{p + q)-^k"{p' + q') 
k'~k" 

the equation can then be brought to the form 


and from this by integration, we obtain 

( 11 ) 

The form of this equation is analogous to 
that already deduced for simple reactions 
(equation (6), p 72) If now it is assumed, as 
before, that p = g, and p'=q'sao, ^ assumes the 
simple form given m (9a) 


and h^p 


VI 


VI-- 


The preceding equations are deductions 
from the laws of the influence of mass, and 
the coexistence of chemical reactions. Both 
laws are of about the same importance in the 
theory of affinity as the laws of gravitation and 
the coexistence of motions are m astronomer 
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Each individual practical case really oompnsefl 
several different relations , but there are com 
bmations in which so great a part of the result 
depends on one single cause only, that the ob 
served phenomena may be represented almost as 
if this were the only cause And as little as we 
doubt the law of gravitation because the motions 
of the moon cannot yet be expressed completely 
in equations, so little have we cause to doubt the 
laws stated above because certain phenomena 
cannot yet be represented as simple deductions 
from them 

We have hitherto assumed that the constant 
of velocity does not alter its value throughout 
the whole reaction It is, however, not im 
possible that reactions exist in which the reason 
for the change of k is to be found in the chemical 
process itself , in such cases the problem be 
comes considerably complicated 

Chemical Dynamics 

In general dynamics the magnitude of any 
force is defined and measured by the velocity 
which it imparts to a mass of known magnitude 


I versA , and an attempt was then made deter 
mine the distribution of the base between tne 
competing acids (or vice versd) Ordinary 
analyses could give no information as to this 
distribution , since such analyses could determine 
only the absolute quantities of the acids and 
bases, and not their distribution Steinheil 
48, 153) (although with an entirely different 
aim) was the first to show how we mus^ proceed 
in order to get a knowledge of the a’-i.angement 
of the constituents of a solution without inter 
fering with its composition Sinoe each of the 
constituents of a solution changes the physical 
properties — such as density, refractive index, 
colour, &c — of the solution, a knowledge of the 
laws governing these changes indicates how to 
solve the problem by measuring e t-uffioient 
number of constants and forming the necessary 
equations 

It has been already explained how Gladstone 
used these means for establishing a number of 
facts concerning the chemical statics of soiu 
tions of salts He could not however, utilise 
his measurements fuither, as there did not then 


Another way of measunng forces consists in esta 
blishmg equilibiium between the given force and 
a force acting in the opposite direction, which 
latter is of a magnitude alread\ known or easily 
determined This can be considered as a special 
case of the first method, as a case in which the 
Velocity due to the given force is reduced to 
nothing, by means of one equal in magnitude 
but opposite in direction The second method, 
though not a direct one, possesses all the im 
portant experimental advantages belonging to a 
zero method and is therefore the more usual 
The measurement of the intensity of chemical 
forces can be accomplished by two methods, 
analogous to those emplojed in general dyna 
mics The more usually employed method 
(because of experimental advantages) is the 
statical, or the method of equilibrium, in which 
a chemical process is reduced in a certain pro 
portion by another action occurring in the oppo 
site direction This corresponds to the statical 
method used in measuring mechanical forces ' 
Analogous to the kmetical method, or the method 
of velocity, is the process of obtaining a measure 
of the intensity of the acting forces by measuring 
the velocity of the chemical change The two j 
chemical methods are connected in a similar 
manner as the two mechanical methods, since, 
as has been shown above, the equilibrium of 
chemical changes can be regarded as the con- 
sequence of the mutual counteraction of changes 
which are equal m magnitude, but opposite m 
direction 

Statical Methods 

The first attempts to measure affinities were 
made by Wenzel, m 1777 {Die Lehre von der 
Chemischen Verwayidtschaft, p 28, Dresden, 
1777) He used the method of velocities, but 
his process was very imperfect His experi- 
ments related to the solution of metals by 
various acids Later experiments dealt almost 
exclusively with the affinity between acids and 
bases, and were mostly earned out by the method 
of equilibrium 

Solutions of acids and bases were mixed m 
proportions such that different acids competed 
for an insnfiioient amount of a base, or vic4 


exist a general theor-y of chemical affinity Such 
a theory was first given by Guldberg and Waago 
{Etudes sur les chimiqties^ Christiania, 

1867) and was also applied by them to a number 
of measurements This theorv has met with 
such wide confirmation that we hope to be able 
some day to reconcile with it those facts which 
do not appear at present to be in keeping with it. 

J Thomsen (P 138 65) was the first to 
applv the theory of Guldberg and Waage to the 
case of homogeneous solutions He found that 
sulphuric acid when acting on soda gives a heat- 
production of 31 378 gram units, while nitric acid 
gives 27,234 units only Now, when sulphuric 
acid and nitric acid simultaneously act on soda, 
all three substances being present in equivalent 
quantities, three cas«8 may arise Either the 
sulphuric acid exclusively combines with the 
soda, or the nitric acid exclusively does so, or 
the soda divides itself between the two acids in 
some fixed proportion In the first case 31,378 
gram units of heat, and in the second case 
27,234 units, would be produced, while m the third 
case the heat production would be represented 
by a number between these two Therefore the 
number found by experiment gives a measure of 
the distribution of the soda between the acids 

Similarly sodium sulphate is allowed to 
react with nitric acid If no '’hemical action 
results there will be no production of heat If 
the mtne acid combines with all the soda, 
liberating all the sulphuric acid, a disappear- 
ance of heat must result, numencally equal to 
the difference between the two heats of neutral- 
isaton, that is to say, 81,378 — 27,234^4,144 
units of heat will disappear If, however, a 
division of the base between the acids results, a 
quantity of heat less than 4,144 units will dis- 
appear Expenment shows that 3504 units of 
heat are used , therefore the soda divides itself 
between the two acids 

If no secondary thermal action takes place 
between the substances used m the experiment, 
we can deduce directly from these numbers that 

• 0 845 of the total quantity of sodium sul- 
phate is decomposed • Free sulphuric soid doei^ 



AFFINITY 75 


boweveh react with sodium sulphate, and the 
actioH 18 accompanied by production of heat 
The extent of the reaction depends on the 
relative quantities of the reacting substances 
'^n^sent Thomsen has measured this effect for 
a great many proportions, and has expressed 
his results by the equation 
n 

Q Q 3,300 gram units of heat, 

where n re^esents the number of equivalents of 
sulphuric acid present for each equualent of 
sodium sulphate By the help of this formula 
Thomsen found empirically that soda divides 
Itself in such a pioportion that ^ of it goes to 
the Bulphuiic acid, and of it to themtiic acid 
Calculating the heat production on this suppobi 
tion, the result is —3,547, experiment gives 
— 3,504, the difference lies within the limit of 
experimental erior 

Guldberg and Waage’s theory gives an ex 
tiemely simple expitssion foi tms case Since 
sodium sulphate and nitric acid wi re piesent in 
equivalent quantities at the beginning of the re 
action, but sodium nitiate and suljihuiic acid 
were absent, we have to put in equation (8) 
p = q = 1 and p' = q' = 0 , 
t^s gives A.(l- 

k' 

As f is the quantity of soda combined with the 
nitric acid, and (1 — |) that combined with the 
sulphuric acid, it follows that the ratio of the 
velocities of the icaction is equal to the square 
of the ratio of distribution Thomsen cails the 
endeavour of the acids to combine with bases 
the avidity of the acids, and defines it by the 
ratio of ^stribution According to this, the 
avidity of sulphuric acid is half as great as 
that of nitric acid, or putting the latter = 1 the 
avidity of sulphuiic acid is = 0 5 The avidities 
are in the ratio of the square roots of the 
velocities of reaction 

Thomsen {Thermocliemi^clie Untersuchunqen, 
1 308) has made further experiments concern 
ing the avidity of other acids tow ards soda, using 
a method similar to that described above His 
numbers are given in the following table, where 
the avidity of nitric acid has been put = 1 00 


Hydrochloiic acid 


= 1 00 

Hydrobrouuo „ 


0 89 

Hydriodio „ 

, 

0 79 

foulphurib „ 

• 

0 49 

Selenio „ 


0 45 

Tiichloracetic ,, 


0 36 

Orthophosphonc acid 

0 25 

Oxalic 


0 24 

Monochloracetio 


0 09 

Hydrofluono 


0 05 

Tartano 

91 * 

0 05 

Citnc 

99 * 

0 05 

Acetio 


0 03 


Bono, silicic, and hydrocyanic acids do not give 
any appreciable values 

Taking the squares of these numbers we get 
me relative velocities of the reactions between the 
acids and the soda, which values cannot be ob 
tamed directly owing to their great magmtude 
The question now presents itself as to whether 
the avidities thus found have constant values, 
or whether they change %rhen a base other than 


soda IB employed Thomsen made similar 
periments for hydrochlono and sulphuric acids, 
using different bases 138, 497), viz potash, 
ammonia, and magnesia, the oxides of manganese, 
iron, cobalt, nickel, zinc, and copper , for the 
avidity of sulphuric acid he obtained numbers 
which increase from 0 5 up to 0 8, and vary, for 
the alkalis between 0 o and 0 57, and for 
the bases of the magnesia senes between 0 70 
and 0 81 These results induced Thomsen to 
conclude that the relative avidity of acids de- 
pends on the nature of the base 

Berthelot {A Ch [4] 30, 616), however, 
raised the just objection that Thomsen’s method 
does not allow of the measurement of the 
lelative avidities without the introduction of 
errors The free sulphuric acid reacts on the 
neutral salt, forming acid sulphate, and thus 
loses pait of its active power, and it does this 
the more the greater the quantity of acid sul 
phate which can be formed 

Thomsen’s experiments were repeated by W 
Ostwald (P Ergzbd 8, Ibl , J pr [2] 19, 468), 
who used a different method based on measuring 
the changes of volume which accompany 
chemical reactions in aqueous solutions The 
volume of the solution of a salt is different from 
the sum of the volumes of the solutions of the 
aeid and the base, which by their mutual action 
pioduce the salt , and further this change of 
\olume is different for different bases and acids 
If we use solutions which contain one gram 
equivalent of the acid or base per kilogram of 
solution then the volume of two equivalents of 
soda 18 1913 26 c c , and that of two equivalents 
of nitric acid is 1933 25 c c , the sum of these 
two IS 3846 51 c c , but the volume of the corre 
spending solution of sodium nitrate is 388b 05c c , 
that IS to say, 39 54 c c more than the sum of 
the volumes of acid and base Bepetition of the 
experiment with sulphuric acid gives an increase 
of volume of 29 9b c c only Hence the volume- 
changes can be used for determining the com 
position of the solution, in the same manner as 
the heats of neutralisation had been used by 
Thomsen Eesults were obtained by this method 
exhibiting the behaviour of nitric acid and sul- 
phuric acid towards soda , these results agreed 
entirelv with those of Thomsen Thomsen’s 
conclusion that nitric and hydrochloric acids are 
stronger acids than sulphuric acid — a result 
opposed to the older views — was thus confirmed 
by Ostwald The same chemist investigated at 
length the question as to whether the relative 
affinity of an acid varied with the nature of the 
base By experiments to which Berthelot’s ob 
jection cannot apply, he arrived at the result 
that the relative avidity of an acid is independent 
of the base Thus with hydrochloric and mtrie 
acids he found the followmg numbers — 


Potash . 0 97 

Soda . . 0 96 

Ammonia • • 0 96 

Magnesia , 0 99 

Zinc oxide « 0 95 

Copper oxide . 0 97 


The differences are not greater than the probable 
errors of the experiment 

The question concerning the influence of 
temperature on the relative affinities ftcids 
has also been investigated by Ostwald. He 
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meaeuFed the expansion due to heating the same ! 
solutions which had served for the volumetric 
experiments with soda The ratio of the avidity 
or affinity of hydrochloric acid to that of nitric 
aoid towards soda proved to be as follows • — 


At 0° 


1 02 

20® 


0 96 

40® 


0 98 

60° 


100 


In both cases the number for sulphuric acid 
Is not quite constant , but, as already mentioned, 
this acid seems to be the stronger the less acid 
sulphate is formed, and vice versd 

At a subsequent time Thomsen {Thennoch 
Unters i 89) also attacked the problem of the 
influence of temperature on relative avidities, 
and arrived at the same results as Ostwald 

The refraction of light was used by Ostwald 
as another method for determining the com 
position of a homogeneous solution by means of 
its physical properties Dale and Gladstone 
(T 1863, 317), and also Landolt (P 133, 1), 
showed that the function i;(n — 1), in which n is 
the refractive index and tithe specific volume of a 
liquid body, depends only on the elementary 
composition of the body and not on the tempera 
ture, nor (within certain limits) on the chemical 
arrangement of the constituents of the body 
Hence the specific volume is inversely proper 
tional to the refractive index diminished by 1, 
and the volume changes attendant on chemical 
reactions must be accompanied by opposite 
changes m the refractive indices Experiment 
has most fully borne out these conclusions 
The optical method is, however, less accurate 
than the volumetric method, when the ordmary 
apparatus only is used 

The numerical results of Ostwald ’s experi 
ments are collected in the following table The 
numbers have the same meaning as those of 
Thomsen given before (p 16), le they give the 
relative avidities of the various acids, puttmg 
that of nitric acid = 1 


Aoid 


Thomsen 

Nitno 

• 


100 

100 

Hydrochloric 


• 

0 98 

100 

Trichloracetic 



0 80 

0 36 

Hichloracetio 



0 33 

— 

Monochloracetio 


0 070 

0 09 

Glycolic • 



0 050 

— 

Formic • 



0 039 

— 

Citno • 



0 033 

— 

Acetic « 



0 0123 

0 03 

Propionic • 



0 0104 

— 

Butyric • 



0 0098 

— 

Isobutyno 



0*0092 

— 

Succinic • 



0 0145 

— 

Maho • 



0 0282 

— 

Tartano • 



1 0 052 

0 05 


Thomsen’s values have also been given as 
far as they refer to the acids considered here 
They agree as well as can be expected , tn- 
ohloraoetio acid alone shows an appreciable 
difference Thomsen’s number for this acid is 
undoubtedly much too small, this has been 
proved beyond doubt bj^ other measurements 
ITie ratios of avidities given m the preceding 
table remam the same whether determmed for 


potash, soda, or ammonia, they are mde^den^ 
of the nature of the base , 

Besides these three methods which are of 
general application to the case of solutions, 
some investigators have employed others, whi^h 
can, however, be used only m special cases 
Thus G Wiedemann (TF 6, 45) has shown that 
from the magnetic properties of ferric salts m 
solution ve can argue as to the amount of these 
salts decomposed by the water into fj ce acid and 
colloidal soluble iron oxide This method is, 
however, restricted to the case of these special 
salts A Muller (P Ergzhd 6, 123) has drawn 
conclusions from the change in colour as to the 
distribution of iron oxide between hydrochloric 
acid and sulphuric acid Jelett (J 25, 871) 
determined the relative affinities of codeine, 
quinine, and brucine, by means of the rotation 
of the plane of polarisation, and found for the in- 
fluence of mass the same law as had been es- 
tabhshed by Guldberg and W aage The experi 
ments of Dibbits (P Ergzbd 7, 462), Brucke 
{Sitz W 77 April 1877), and others, are of a 
more qualitative nature 

Besides these statical methods, based on the 
determmation of the composition of a homo 
geneous solution, others are available in which 
the chemical leactions take place in heterogeneous 
media, viz between solids and liquids, or 
liquids and gases, or lastly between solids and 
gases The theory of these methods has been 
also given by Guldberg and Waage, and Ostwald 
has developed the methods for the purpose of 
determining affinities 

According to Guldberg and Waage the 
chemical action of solids in contact with solu- 
tions IS independent of their mass , in other 
words, the chemical mass of the solids is 
constant Otherwise the laws of the influence 
of mass hold good If, for example, an acid 
acts on the salt of another acid, which latter 
salt 18 insoluble in water (or more strictly, 
scarcely soluble), and with the base of which the 
first acid forms a soluble salt, then the same 
equation holds good as applies in the case of 
substances which are all soluble, with this ex- 
ception that the term corresponding to the in- 
soluble salt becomes constant or independent of 
X Putting in the equation kpq^k'p'q' 
p = hydrochloric acid, and g- calcium oxalate, 
then p = calcium chloride, and q' — oxalic acid 

If the experiment is arranged so that hydro- 
chlonc acid acts on an exciss of calcium 
oxalate and that undissolved calcium oxalate la 


always present, then at all stages of the change 
oxahe acid and calcium chloride are present in 
equivalent quantities Putting the original 
quantity of hydrochlonc acid«l, and that of 
the oxalate dissolved (, the equation becoi^ea « 
k{l ~ Oc « /c' ( hence 

where e stands for the constant chemical mast 
of calcium oxalate In this equation k, k\ and 
c are unknown, while ( can be measured directly* 
Bepeating the experiment with a different acid, 
say mine aoidi a new expression of the form 
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is obtained, m which c has the same value as 
referring to calcium oxalate, which is used in 
both bxpenments under the same conditions 
Dividing the one equation by the other we get 
4ho relative a&mties 

expressed m quantities which can all be directly 
measure^! This method has been used by W 
Oslwald an^ his pupils for determining the 
relative aflmities of various acids, and has given 
results which agree well with those found for 
homogeneous solutions It has great expeii 
mental advantages over the*physical methods, 
as the ordinary methods of chemical analysis 
^an be used The insoluble, or scarcely soluble, 
salts used were these, zinc sulphide, calcium 
oxalate, zinc oxalate, barium chromate, cream 
of tartar, and the sulphates of barium, strontium, 
and calcium As a rule the coefficients of 
affinity thus determined for various salts agree 
very well amongst themselves, but there are 
some deviations which are not yet fully explained 
As an example of the method the following 
numbers are given {J pr [2] 28, 498) , these 
numbers were obtained by the action of acids on 
calcium oxalate, a substance lending itself 
particularly well to these experiments Experi- 
ments were made both with normal and deci 
normal solutions of acids Nitric acid is again 
put = 1 


Aoid 

Normal 

^Normal 

Hydrochloric 

100 

0 98 

Hydrobromio 

0 95 

0 99 

Nitiio • 

100 

100 

Chloric . 

104 

1 00 

Sulphuric • 

0 70 

0 74 

Formic , 

0 0259 

0 129 

Acetic 

0 0105 

0 735 

Monochloracetic 

0 051 

0 213 

Dichloracetic 

0 183 

0 488 

Tiichloracetic 

0 642 

0 899 

Lactic • • 

0 041 

0133 

Succinic • 

0 0205 

0 093 

Malic 

0 0505 

0121 

Tartaric • • 

0 0462 

0141 

Citric • 

0 0306 

0144 


The numbers m the first column, which 
refer to norma)^ solutions (one gram equivalent 
m a litre), agree well with those before obtained 
by the volumetric method Along with them is 
given a second series referring to solutions ten 
times as dilute While the stronger acids ex 
hibit scarcely any change by the dilution, the 
values for the weaker acids have increased very 
dbnaiderably, and this the more the weaker are 
the acids We shall consider this phenomenon 
at length later on, and find the general law 
underlying it 

Of further results which have been arrived 
l^t by this method one must be noticed as im 
portant, viz that the action of the acids vanes as 
they are present alone or along with their 
neutral salts {J pr [2J 23, 209) 

Some such result was to be expected in the 
ease of dibasio acids which combine with their 
neutral salts to form a^id ealts The mono- 


basic acids, however, exhibit no tendency to 
combine with their neutral salts, and yet they 
too show a change which in the case of the 
strong acids, such as hydrochloric and nitnc, is 
an increase in the affinity This mcrease is 
proportional to the quantity of the neutral salt 
present, and decreases rapidly with increasing 
dilution This statement does not, however, 
hold for all monobasic acids, but only for the 
strong acids The weak monobasic acids, on 
the contrary, are considerably more weakened 
by the presence of their neutral salts, and this 
the moie the weaker are the acids These facts 
are of great importance in the interpretation of 
experiments undertaken for the purpose of 
determining the relative affinities of acids by 
the division of a base between two competing 
acids Since in this case the acids always act 
in presence of their own salts, this condition 
doubtlessly exerts some influence, making the 
strong acids appear stronger and the weak acids 
appear weaker This shows that too much im 
portance must not be attached to the numerical 
values obtained by the preceding methods , they 
certainly give the order of the affinities correctly, 
but the numerical values deviate from the true 
value in the sense that the large numbers are 
too large and the small values are too small 
We shall see later on that other determinations 
of the same quantities, which are more likely to 
give the true values, show deviations m this 
sense from the above numbers 

Kinetical Hethods 

The second way of measuring the intensity 
of chemical forces is based on determinations of 
the velocities of the reactions produced by these 
forces The theoretical introduction concerning 
this method has been already considered, and we 
have seen that many reactions proceed according 
to a course which agrees well with that cal 
culated from the influence of mass 

This method does not, however, lend itself 
to direct applications to the majority of the re 
actions mvestigated by the statical method 
This statement applies paiticulaily to the effects 
of affinity between acids and bases, because 
these processes are of too short duration to 
allow of measurements being accuiately made 
of their velocities If, however, the magnitudes 
m question can be measured by kmetical 
methods, this is because of a general and im 
portant principle 

It has been already shown that the nature 
of the base exerts no influence on the relative 
avidities or affinities of the acids which react 
with the base If the affinity between an acid 
a and a base b is designated by /(a, 6), then the 
foUowmg equations hold good 

f{a,b) f(a,b') f(a,b") 
f{a',b)~f(a',b'rf(a\b'r 
These equations can be true only if each ex- 
pression / {a, b) IS the product of two factors 
one of which depends on the acid only and the 
other on the base only , / (a, 6) = i|/(6) 

The affinity between acids and bases ie 
therefore the product of specific affinity co- 
efficients All reactions due to acids and based 
as such must, on this view, be proportional 
among themselves From this it follows that 
processes which, taken by themselves, have 
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nothing to do with the formation of salts, may 
be employed for finding numerical values for 
the affinities which come into play during the 
formation of salts, provided the reactions m 
question have been accomplished by the acids 
and bases only Deteimmations of the specific 
affinity coefficients of acids and bases are thus 
of the greatest importance It will be our task 
to show first that the above conclusions are 
verified by experiment, and then to use the 
numbers thus arrived at for drawing further 
deductions 

The first reaction which was used to check 
the values of the coefficients of aflinity of acids 
determined in the statical way, by means of a 
kinetical method, was the change of acetamide 
into ammonium acetate (Ostwald, J pr [2j 
27, 1), which takes place according to the equa 
tion CH3CONH + H 0 = CH^COONH, When 
water only is present the reaction docs not pro 
ceed to a sensible extent, but when an acid is added 
the latter exerts a predisposing influence, and 
the process takes place to the degree which is 
possible under the existing conditions of affini 
ties, concentration, and tempeiature 

By ‘ predisposing affinity ’ is usually under 
stood the cause of reactions between certain 
substances, which reactions could take place, 
but do not actually occur, without the presence 
of another substance, which has affinity towards 
one of the possible products of the reaction 
In the case just discussed, water and acetamide 
do not react unless an acid capable of combining 
with the ammonia produced (or a base which 
has affinity for acetic acid) is present The 
strange assumption expressed in the name pre 
disposing affinity, viz that the affinity of the 
predisposing substance towards a bod} not yet 
formed induces the other substances to produce 
this special body, has been given up, since the 
molecular theory of Williamson and Clausius, 
as developed by Pfaundlcr, gives a much more 
simple view of such reactions When applied 
to the case just considered, this theory tells us 
that the atoms which form the molecules of 
acetamide and water only very seldom get a 
chance of forming ammonium acetate during 
the movements and collisions of the molecules 
in question, since the forces which tend to re 
tain the original condition of the system are 
greater than the forces which tend towards de 
composition If, however, a strong acid or base 
IB added, the forces tending towards decomposi 
tion are correspondingly inci eased, and, m many 
collisions, in which previously no change occurred, 
decomposition now takes place {v also Men 
del6eff, B 19, 456) 

The experiments were conducted by keeping 
eqmvalent quantities of acetamide and acid for 
some time at 65° and 100° The quantity of 
ammonium salt formed was determined by de 
composing it with sodium hypobromite and 
measuring the volume of nitrogen evolved The 
reaction takes place in the presence of acids, 
such as hydrochlonc acid, according to the equa- 
tion, 

CH^CONH, -I- H,0 + HCl = CH^COOH + NH,C1 
Three different kmds of molecules are therefore 
always necessary for the reaction Moreover, 
only two substances, acetamide and hydrochloric 
acid, undergo an appreciable change of mass | 


I during the reaction The water Is pj/sent in 
such excess (about 800 HjO to 1 HCl) that the 
change in its mass is unappieciable Hfince, if 
theie are no secondary reactions, the change wall 
proceed according to equations (3) and (4) ^ 

example in which the actual reaction agrees 'vfittl 
theoiy has already been gilen 

But the reaction* is by no means free from 
secondary changes Particulaily (as^as been 
already noticed), the piesence oP-^ne neutral 
ammonium salt of the acid added nas the effect 
of increasing the strength of strong acids, and 
decreasing the strength of weak acids Conse- 
quently when strong acids are used the piocess 
IS accelerated, compared with its normal value, 
and the acceleration is the greater the furthejp 
the change has proceeded With weak acids, on 
the other hand the process is retaided Owing 
to the formation of acid salts, the polybasio 
acids are intiuenced by similar but much moie 
pronounced secondary reactions All these con 
ditions ha\e to be taken into account in the in 
vestigation of the progress of the reaction, as is 
seen most conspic lousJy in the giaphical repie 
sentation given in the original papei These 
circumstances aie disadvantageous if it is de 
sired to make absolute determinations of the 
velocity of the reaction, but they aie of advan 
tage in the comparison of the kinetical and 
statical methods, since the results obtained by 
the latter are also infiuenced in the same way by 
similar sources of eiror 

The time taken to con\ert half the acetamide 
into the ammonium salt was taken as the leoi- 
procal measure of the \elocit} of the reaction 
The velocity in minutes was found to be as fol- 
lows — 


Acid 

At 65° 

At 1000 

Hatlo 

Hydrochloric 

72 1 

4 98 

14 5 

Nitric 

75 2 

5 35 

14 4 

Hydrobromio 

74 0 

514 

14 4 

Trichloracetic 

112 8 

— 

— 

Dichioracetic 

433 7 

— 

— 

Monochloracetic 

4,570 



— 

Formic 

28,950 

2,138 

13 6 

Sulphuric 

180 

14 1 

12 8 

Oxalic 

1,516 

IJS 6 

12 8 

Tartaric 

35,310 

929 

14 7 

Malic 

i 

— 

— 

Buccmio • 

— 

7,976 

— 

Citric • 

44,810 

^,088 

14 5 

Phosphoric 

— 

3,880 

— 

Arsemc 

— 

4,005 

— 


In order to make these numbers compaiable 
with the coefficients of affinity as found by the 
volumetric method they must be referred to 
HC1=»1, by dividing the times correspondiftg to 
the several acids each into that corresponding to 
hydrochloric acid The relative velocities of the 
reaction are thus obtained for hydrochloric acid 
= 1 Further it must be borne in mind that by 
theory the ratio of the affinities is equal to th^ 
of the square roots of the velocities of the reac- 
tion In the following table I have collected the 
acids the relative affinities of which are known. 
Under I are given the velocities of the reaction, 
under II their square roots, and under HI the 
relative affinities — 



AFFimTY 


"iol4 1 

I 

11 

ni 

Hydrochloric 

100 

100 

0 98 

Nitric 

0 96 

0 98 

1 00 

iSydrobromio 

0 97 

0 98 

0 95 

Trichloracetic 

4)639 

0 80 

0 80 

Dichloracetic 1 

0 166 • 

0 41 

0 33 

MonocWoracetic 

Eormio^ 

0 0169 1 
0 00266 1 

0 13 

0 052 

0 07 

0 019 

Acetic ^ 

0 000547 

0 0234 

0 0123 

Sulphuric 

0 428 

0 65 

0 67 

Tartaric 

0 00564 

0 075 

0 052 

Malic • • 

0 00218 

0 0467 

0 0282 

Succinic 

0 00065 

0 0255 

0 0145 


JThe numbers in the two last columns agree as 
well as could be expected The deviations are 
in the direction of a greater value for II than for 
III in the case of weak acids The reason for 
this lies in the fact that in the enunciation of 
the equation of velocity no attention was paid 
to the acetic acid formed in the reaction, by the 
jiiesence of which the change is accelerated 
This action of acetic acid scarcely comes into 
play when strong acids are emploved 

The examination of the action of acids on the 
change of acetamide into acetic acid and ammo 
mum salt has established the connection between 
equilibrium and velocity which is predicted by 
theory , but the reaction employed was not of a 
kind to give completely accurate values for the 
velocity of the change, since too many secondary 
reactions exert their influence on the primary 
process Another reaction studied by Ostwald 
{J pr [2] 28, 449} lends itself better for this 
purpose This is the decomposition of ethereal 
salts by water in the presence of acids Aqueous 
solutions of methyl acetate {or of similar com 
pounds) undergo only very slow decomposition 
at ordinary temperatures , if, howe\( r, an acid is 
present the process is greatly accelerated The 
acid does not undergo a peimanent change, since 
at the end of the reaction exactly the same 
quantity of acid is found as was present at the 
beginning It is doubtless bj its aihnityfor the 
methyl alcohol that the acid influences the rate 
of the change It predisposes in the sense already 
explained, only the compound which the acid 
forms with the methyl alcohol cannot exist in the 
presence of the great excess of water The che 
mical process is represented b-y the equation 
CH COOCH3 + F O = CHjOH + CH3COOH Two 
substances are required , but the quantity of 
water is so great that its change need not be 
taken into account Equations (1) and (2) must 
therefore hold good This conclusion is\erihcd 
by experiment Thus for example 10 c c of nor 
mal hydrochloric acid were mixed with 1 c c of 
metRylacetate and diluted with water to 15 c 0 
One c c of this solution required for neutralisa 
tion 13 33 c c of baryta Owing to the decompo 
sition of the methyl acetate the acidity increased, 
the results are given in the first table of next 
(^lumn The numbers in the last line repre 
sent the results when the decomposition was 
completed 

In the third column, under is given the 
increase m the number of c c of baryta used to 
neutralise the acid , the values in this column 
are always proportional t<^the quantity of methyl 
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acetate decomposed The last ralae 14 11 gives 
the quantity a m the equation 

a 

Calculating the expression log (for simpli- 
city’s sake in ordinary logarithms), and dividing 
it by the time the coefficient of velocity) 

IS obtained , the value of k is given in the last 
column , it IS nearly a constant 




X 

Jr 

After 14 minutes 

14 25 

0 92 

0 00209 

34 

15 47 

2 14 

0 00211 

59 

16 85 

3 52 

0 00212 

89 

18 24 

4 91 

0 00209 

119 

19 48 

6 15 

0 00209 

159 

20 92 

7 59 

0 00211 

199 

22 15 

8 82 

0 00214 

239 

23 10 

9 77 

0 00214 

299 

24 21 

10 88 

0 00214 

899 

25 46 

12 13 

0 00214 

539 

26 42 

13 09 

0 00213 

00 

27 44 

14 11 

— 


The same method was used for determining 
the velocity of decomposition of methylacetate 
I by many other acids , the coefficients, referred 
I to HCl = 1, are collected in the following table — 


Acid 

I 

II 

Hj drochlorio • 

100 

100 

drobromio • 

0 98 

0 99 

Hydriodio • • 

0 96 

0 98 

Nitric • . 

0 92 

0 96 

Chloric 

0 94 

0 97 

Sulphuric 

0 547 

0 739 

Methylsulphurio 

1 00 

1 00 

Ethylsulphuric 

0 99 

0 99 

Propylsulph uric 

0 98 

0 99 

Isobutylsulphuric 

0 97 

0 98 

Isoamj^lsulphuric 

0 96 

0 98 

Ethylsulphonic 

0 98 

0 09 

Isethionic 

0 98 

0 99 

Benzenesulphonic 

0 99 

0 99 

Formic 

0 0131 

0 115 

Acetic 

0 00345 

0 0587 

Propionic 1 

0 00304 

0 0551 

Butyric 

0 00299 

0 0551 

Isobutj ric 

0 00268 

0 0618 

Monochloracetio 

0 0430 

0 208 

Dichloracetic 

0 2304 

0 480 

Trichloracetic 

0 682 

0 826 

Lactic 

0 00901 

0 0949 

Hydroxyl sob u ty no 

0 00921 

0 0960 

Trichlorolactic 

0 069 

0 263 

Pyruvic 

0 067 

0 2u9 

Oxalic • • 

01746 

0 430 

Malonic • • 

0 0287 

0169 

Succinic • • 

‘ 0 00496 

0 0704 

Malic • 

0 01181 

01086 

Tartaric • • 

0 02296 

01515 

Racemic • • 

> 0 02296 

1 01515 

Gitrio . • 

0 01635 

01279 


In the second column I have given the square 
roots of the velocities of reaction , these num 
bers ought to be proportional to the affinities, if 
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the determination of the affinities were free from 
the influence of all secondary reactions Com 
paring these numbers with those already ob 
tamed, the same order of affinities appears, but 
in this case the values are more nearly equal 
This agrees entirely with what had been ex 
pocted , for it has been often emphasised that, 
owing to the presence of neutral salts, the stati 
cal methods make the strong acids appear too 
strong, and the weak acids appear too weak 
The numbers found in the present case can 
therefore be justly considered as approaching 
nearer to the true coefficients of affinity than the 
previous values 

It IS of special interest that a reaction such 
as the catalysis of methylacetate which is only 
very remotely connected vith the process of the 
formation of salts is yet doubtlessly brought 
about by that very property of acids which pro 
duces the latter class of reactions This leads 
to the conclusion that the numerical \ allies of 
all reactions exhibited bv acids as such depend 
on that one property which till no\\ has been 
somewhat vaguely termed the strength of the 


Acid 

I 

II 

III 

Hydrochloric 

1 00 

1 00 

1 00 

Hydrobromio 

1 114 

1 05 

0 99 

Nitric 

1000 

1 00 

0 96 

Chloric 

1 035 

1 02 

0 97 

Sulphuric 

0 536 

0 732 

0 739 

Ethylsulphuno 

1000 

1 00 

0 99 

Isethionic 

0 918 

0 96 

0 99 

Ethylsulphonic 

0 912 

0 95 

0 99 

Benzenesulphonic 

1 044 

1 02 

0 99 

Formic 

0 0153 

0 124 

0115 

Acetic 

0 00400 

0 0632 

0 0587 

Isobutync 

0 00335 

0 0579 

0 0518 

Monochl oracetic 

0 0184 

0 220 

0 208 

Diohloracetic 

0 271 

0 521 

0 480 

Trichloracetic 

0 754 

0 868 

0 826 

Glycolic 

0 01308 

0 114 

— 

Lactic 

0 OlObb 

0 103 

0 0949 

Methylglycolio 

0 01815 

0 135 



Ethylglycolic 

0 01372 

0 117 

— 

Methyllactio 

0 01390 

0 118 

— 

Diglycoho • 

0 0267 

0 163 

— 

Pyruvic 

0 0b49 

0 255 

0 259 

Glyceric 

0 01715 

0 131 



OxyiBobutyno 

0 01062 

0 103 

1 0 0960 

Oxalic . 

0 1857 

0 430 

0 430 

Malomc • 

0 0308 

0 175 

0169 

Succinic • 

0 0545 

0 0738 

0 0704 

Pyrotartanc • 

0 0107 

0 103 


Malic , 

0 0127 

0 113 

0109 

Citnc • 

0 0173 

0 131 

0128 

Phosphonc • 

0 0621 

0 249 

— 

Arsenic • • 

0 0481 

0 219 

— 


acids In order to verify this assumption 
Ostwald {J pr [2j 29, 386, [1884]) investigated 
another process which is not connected with the 
formation of salts, viz , the inversion of cane 
sugar The reaction proceeds, as in the case 
of methylacetate, by the addition of water — 
I- H^O 2CaH,jOa— without an appa 
rent intervention of an acid Yet it takes place 
only in the presence of acids It is a catalytic 
reaction in the same sense as that already con 


sidered As again only one substanbe, the sugar, 
undergoes change, the same equation holds good 
As an example has already been given which 
shows that the process is represented by equa- 
tions (1) and (2), the velocities of inversion p'*e 
now given directly {v table in last column) 

In the second column are given the square 
roots of the velocities of inversion, in the third 
column the corresponding values for the cata- 
lytic change of methylacetate Th agreement 
IS evidently sufficiently great to prove the iden 
tity of the causes which produce the inversion 
of cane sugai and the decomposition of methyl 
acetate This agreement also forms the com- 
plete experimental verification of the assumption 
that there exist constants of specific activity 
which numerically determine all the manifesta 
tions of affinity exerted by acids as such The 
numbers found for methylacetate and for cane 
sugar represent these constants with great ex 
actitude The piocess of the in\prsion of cane 
sugar had been already used by Lowenthal 
and Lenssen (J pr 85 321, 401) for the pur- 
pose of measuring constants of affinity Thase 
chemists did not, however, deduce the constants 
of inversion from their experiments although 
the theory of inversion had been established long 
before by Wilhelmy (P 81, 413), nor did thev 
give a proof of the fact that there are other 
chemical reactiops winch proceed according to 
a course analogous to that observed by them m 
the inversion of cane sugar 

Besides the chemical methods for the deter 
mmation of the affinities of acids, there is yet 
another method which by means of physical 
measurements, allows very accurate determina 
tion of these values to be made It has been 
proved bevond doubt that the electiolytic con 
ductivities of acids are closely connected with 
their chemical properties , so that this conduc- 
tivity 18 proportional to the velocity of the 
reactions produced by the acids As the elec 
trolytic conductivity can easily be measured to 
a high degree of accuracy, we have here a 
method of much importance for the solution of 
the problems connected with affinity The exist 
ence of this relation was first recognised and 
enunciated by W Hittorf (H’ 4, 391), who had, 
however, almost no measurements at his dis 
posal Arrhenius {Bijh K Svensk Vet Ak 
Band 8, Nos 13, 14 (1884)) developed a theory 
of the chemical changes among electrolytes, 
starting with the supposition that the power of 
conducting electrolytically and the power of 
participating in chemical reactions were iden 
tical 

This theory leads to equations which agree 
with those of Guldberg and Waage Finally W 
Ostwald has considerably increased the some 
what scanty material available for comparisons 
between the power of inducing chemical reac 
tions and electrolytic conductivity He fully 
proved the proportionality between the velocity 
of the reactions induced by an acid and the 
electrolytic conductivity of the acid {J pr [2] 
80, 93, lb 80, 225 [1884], %b 31, 433, ib 32, 
800 [1886]) The Allowing table shows this 
agreement Under I are given the electrolytic 
conductivities for normal solutions , under II 
the velocities of inversion of cane sugar for semi 
normal solutions, ui^ier HI the velocities of 
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decomposition of methylacetate for f normal 
iolutions , all the numbers are referred to hydro- 
ohlond* aoid « 1 


Acid 

L 

II 

III 

Hydroohlono 

•1002 ^ 

100 

100 

Hydrobromic 

101 

111 

0 98 

Hydriochp 

Nitric ^ ^ 

101 1 
100 

100 

0 96 

0 92 

Sulphuric 

0 65 

0 73 

0 74 

Formic 

0 0168 

0 0153 

0 0131 

Acetic 

0 00424 

0 004 

0 00345 

Monochloracetic 

0 049 

0 0484 

0 0430 

Dichloracetic 

0 253 

0 271 

0 230 

Trichloracetic 

0 623 

0 754 

0 682 

Glycolic 

0 0134 

0 0131 

— 

Methylglycolio 

0 0176 

0 0182 

— 

Ethylglycolio 

0 0130 

0 0137 

— 

Diglycolio 

0 0258 

0 0267 

— 

Piopionio 

0 00j25 

— 

0 00304 

Lactic 

0 0104 

0 0107 1 

0 0090 

^ Oxypropionic 

0 00()06 

oooso 1 

— 

Glycenc 

0 0157 

0 0177 

— 

Pyruvic 

0 0560 

0 0640 

0 0670 

Butyno 

0 0031() 

— 

0 00300 

Isobutyne 

0 00111 

0 00335 

0 00268 

Oxyisobutyric 

00124 

0 0106 

0 0092 

Oxalic 

0 107 

0 JS() 

0 176 

Malonio 

0 0310 

0 0108 

0 0287 

Succmio 

0 005S1 

0 0055 

0 0050 

jiffaho • 

001)4 

0 0127 

0 0118 

Tartaric 

0 0228 

— 

0 0230 

Racemic 

0 0228 

— 

1 0 02 30 

Pyrotartaiio 

0 0108 

0 0107 

1 

Citric 

0 0166 

0 0173 

0 0163 

Phosphoric 

0 0727 

0 0621 

— 

Arsenic 

0 0538 

0 0481 

— 


The agreement of the numbeia in the three 
columns is evident, and proves the truth of the 
assertion made above 

In order to undei stand the relation between 
conductivity and the power of taking part in 
chemical changes, we must go back to the theoiy 
of Clausius and Williamson According to this 
theory the molecules of the electiol^tic sub 
btancea are continually interchanging then con 
stituent atoms These atomic exchanges gene 
rally take place to an equal amount in all 
directions , but when an electric current is 
passing they aie so influenced that the electro 
positive or basic Constituents go to the one side, 
and the electronegative or acid constituents to 
the other side, each constituent separating from 
the solution on one of the electrodes ^ This 
motion of the constituents occurs to a greater 
extent the greater the difference of potential 
between the electrodes, te the greater the 
electromotive force The change proceeds ac 
cording to Faraday’s law of electrolysis, which 
states that the quantity of electricity passed is 
proportional to the equivalents of the parts of 
the molecules separated out Put into a slightly 
different form, this means that each electrihed 
atom, or group of atoms, conveys the same 
quantity of electricity quite vndependently of its 
nature 

Since the electric current only exerts a direc 
tive inffuenoe on the electrolyte, but does not 
VoL 1 • 


itself induce the action, the conducting power 
of substances depends entirely on the power of 
interchanging their ions But on that same 
power depends also the velocity of the chemical 
changes produced by these substances, hence 
it follows that the velocities of the reactions 
must be proportional to the conductivities of the 
reacting substances The experimental proot of 
this proportionality is in itself an important 
point in favour of the theory of Williamson and 
Clausius (In Faradaj ’s works we also find 
views which agree in the chief points with those 
explained above ) For the experimental details 
of the method the reader must be referred 
to the papeis of Kohlrausch, Arrhenius, and 
Bouty A short account of the conceptions and 
definitions used will, howiver, be given here, 
since the assumptions generally used in phy- 
sics proper do not lend themselves well for our 
purpose 

Imagine a vessel having the form of a paral 
lelopiped, the two parallel sides of which form the 
electrodes, and imagine the distance between the 
two to be equal to unit length Into this vessel we 
imagine a quantity of the electrolyte to be placed, 
either by itself or m solution, such that its weight 
in grams is numerically equal to its molecular 
weight Let us further suppose that the electro 
motive force between the two electrodes is unity, 
then the quantity of electricity passed through 
in unit time represents the molecular conduc 
tivity Since equal quantities of electricity are 
conveyed by each electrolytic molecule, the total 
quantity of electricity passed is proportional to 
the number of double exchanges which take 
place in unit of time in one molecular weight of 
the substance 

The electrolytic conductivity can be very easily 
and accurately determined The possibility of 
solving a great many problems connected with 
the values of affinities is thus presented W 
Ostwald has specially investigated the influence 
of dilution, and has established the laws which 
hold for it The simplest relations are found 
for the strong monobasic acids, hydrochloric, 
hydrobiomic, hydnodic, nitric, chloric, and per- 
chloric For normal solutions all these acids 
have nearly the same conductivity, and this in 
creases by about 10 per cent to 12 per cent 
with mcieasmg dilution, gradually approaching 
a maximum value, which in the units used 
by Ostwald was equal to 90 Sulphocyanic and 
bromic acids approximate to the acids named 
above 

The other monobasic acids, which are weaker, 
and which therefore have smaller conductivities 
than those already mentioned, exhibit a greater 
change in conductivity with increasing dilution, 
the weaker they are, and they all do this accord- 
ing to the same law This law states that the 
dilutions at which two acids have the same 
molecular conductivity always hear the same 
ratio to each other 

Thus, when measured in the units mentioned 
above, formic acid of the dilution 2 — te 
HjCO- = 46 grams, m two htres of the solution— 
has the molecular conductivity butyno 

acid reaches the value 181 onlj|i 0H 32 htres 
dilution On further dilution (ne £oUowin& 
relation is manifested . — 

a 



AIFINITY 


B2 


VOBIOO JLCTX) 

Btrmuo Acid 

Dilution 

Conductivity 

Dilution 

Conductivity 

4 

2 47 1 

64 

2 66 

8 

8 43 

128 

8 60 

16 

4 80 

256 

6 04 

82 

6 63 

612 

7 02 

64 

9 18 

1024 

9 74 

128 

12 6 

2048 

13 4 

256 

17 0 

4096 

18 0 

612 

22 4 

I 8192 

28 8 

1024 

29 0 

16384 

315 


Butyric acid and formic acid have always 
nearly the same molecular conductivity when 
the former is sixteen times as dilute as the 
latter The same holds good for dilute solu 
tions of all the monobasic acids Plotting a 
curve, with the molecular conductivities as 
ordinates and the logarithms of the dilutions 
as abscissas, we find it to have the shape indi 
cated m the annexed figure In this, the 



loganthms are not referred to the base 10, but 
to the base 2, since in Ostwald’s experiments 
the dilutions increase as the powers of two 
They are the exponential powers, p, of the dilu 
tion V, V = 2p 

The curve appears to be symmetrical about 
two Imes at right angles to each other, and has 
a point of contrary flexure when the conductivity 
reaches the value 45 The equation to the curve 
can be approximately expressed — using the given 
units — by the empirical formula 

^ /V \ 4618 

ton m=(-j 

where m is the molecular conductivity , Vg the 
dilution (m htres per gram equivalent) for 
which the conductivity is 45 , and v any dilu 
tion for which the conductivity is to be cal 
culated The same curve holds for all acids if 
the abscissa is chosen properly The value 
Vo 18 characteristic for each acid For the 
above mentioned strong acids, it is found in 
high concentrations — for iodic acid, at 2 8 litres 
approximately , for hypophosphorous acid, 8 
htres , for dichloracetic acid, at 10 litres , for 
monoohloracetio acid, between 400 and 600 
htres , for formic acid, at about 1000 , and for 
butyric acid, at about 60,000 litres 

The influence of the dilution on the relative 
affinities vanes widely for the different acids, as 
has already been seen It seemed therefore very 
doubtful whether much importance could be 
attached to these values as natural constants 
on which the action of the acid as such de- 
pends In the law of dilution, as enunciated 
above, there has been found the proof that we 


are deahng with important and charactenstio 
values, with values which do not alter with the 
nature of the reaction mduoed by the acid, and 
which are related to the dilution m a perfectly 
fixed manner The general truth of this law 
-for the case of chemical reactions has L^sen 
separately proved by Ostwald (J pr [2] dl, 807) 
The values of affinities sought by men of 
science in the last century have thus been 
found by means of a method whio’ had been 
even then indicated by the famous opposer of 
the old theory of affinity 

It has already been mentioned that the 
above law of dilution holds primarily for mono 
basic acids Polybasic acids behave differently 
according to their constitution Some dibasic 
acids, such as phosphorous, selemous, &c , a 
which the second hydrogen atom is of the 
nature of a weak acid (this is shown by the 
alkaline reaction of their normal salts), beha\e 
on dilution at first exactly like monobasic acids, 
the conductivity being referred to molecular and 
not to equivalent weights Hence electrolysis 
of these solutions takes place at first according 
to the type H j HR" It is only on reaching 
very great dilutions that the second hydrogen 
atom begins to participate in the reaction Di- 
basic acids whose normal salts are neutral 
behave differently It is true that they, too, 
conduct at fiist according to the type H | HR", 
hut the second hydrogen atom exerts its in- 
fluence even in moderately dilute solutions 
The conductivity increases much more rapidly 
I than in the case of monobasic acids, and ap- 
proaches a maximum which is double that 
observed for monobasic acids Oxalic acid may 
be taken as a typical acid of this class In the 
case of very strong dibasic acids, such as sul 
phuric acid, it is the last part of the phenome- 
non just described which becomes prominent 
Even for a concentrated solution the molecular 
conductivity exceeds the maximum of mono 
basic acids, and rapidly approaches a value 
double that found with these acids Hence 
conduction takes place from the beginning, for 
the most part, according to the type 1 R" 
Ostwald has recently {J pr [2] 32, 300) 
examined the conductivity of a number of acids, 
and has shown that the relations already stated 
hold in all cases He has also established many 
relations between the conductivities of acids and 
their chemical constitution This investigation 
opens up the possibility of drawing many in- 
ferences concerning the action of chemical forces 
The following tables exhibit an abstract of the 
measurements of the molecular conductivities of 
various acids for the dilutions of 4, 82, and 266 
litres — 


Acid 

4 

litres 

32 

litres 

266 

litres 

Hydroohlonc HCl 

80 9 

87 0 

89 2 

Hydrobromic HBr 

83 4 

87 9 

89 8 

Hydriodio HI 

83 2 

89 6 

89 7 

Hydrofluoric HF 

6 64 

1314 

30 8 

Hydrocyanic HCN 

0 077 

0108 

— 

Sulphocyamc HSCN 


84 2 

86 5 

Sulphydric HjS 

1 — 

0 214 

— 

FerrocyanioH4Fe(ON), 

— 

206 9 

260 7 



AFFINITY 


The aoid6 which do not contain oxygen show 
great differences HCl, HBr, HI, form a group 
of stiong acids, while BiF is much weaker , HCN 
can scarcely be called an acid , H^S is slightly 
sLiwOger , but if cyanogen combines with sul 
phur and hydrogen oulphocyanic acid is formed 
tne strength of which approaches that of hydro 
chloric acid Ferrocyanic acid is also a strong 
acid, though made up of the neutral iron cyanide 
and the weakly acid hydrogen cyanide 


Acid 

4 1 

litres 

1 

32 

litres 

266 

litres 

Nitric HNO, 

80 4 

86 3 

88 4 

Chloric HGIO, 

80 2 

85 3 

88 7 

Perchloric HCIO 4 

82 2 

881 

89 9 

Bromic HBrO, • . 

— 

79 4 

86 3 

Iodic HIO 3 * 

60 6 

72 3 

818 

Periodic H^IOj • 

23 7 

49 2 

76 7 


HNOj, HCIO3, HCIO4 closely follow the halogen 
hydracids , HBrO^ is weaker , HlOg is still weaker , 
and H 10 j shows this decrease in strength to a 
marked extent A similar relation is shown by 
the acids of phosphorus 


Acid 

1 

4 

litres 

32 

litres 1 

2‘56 

litres 

Hvpophosphorous H,PO 

-17 91 

62 1 ! 

77 84 

Phosphorous H^POg 

34 29 1 

6b 96 

74 64 

Orthophosphoric HjPO^ 

17 00 

34 41 

618 


Here too the acids become weaker as the amount 
of oxygen inci eases The opposite relation la 
shown by the acids of sulphur and selenion 


Acid 

4 

litres 

32 

Iities 

2 >6 
litres 

Sulphurous H SO, 

19 19 

41 6 

66 5 

Sulphuric H SO 4 

96 4 

116 3 

160 6 

Dithionic H^S 0 ^ 

— 

106 4 

178 0 

Tetrathionic H 2 S 4 O, 

— 

170 6 

181 5 

Selenious H SeO, 

9 74 

2173 

46 11 

Selenic H^Se 04 

103 2 

|127 0 

157 9 


The strength increases with increase of oxygen 
as well as with increase of sulphur 

As regards organic acids, the members of the 
acetic series are weak acids, and the strength de 
oreases as we ascend m the homologous senes 


Acid 

4 

litres 

32 

litres 

260 

litres 

i^ormic HCO H 

2 47 

6 63 

17 0 

Acetic CH3CO H 

0 755 

2 12 

6 64 

Propionic C^H^COjH 

0 601 

177 

4 92 

Butyric C8H*7C02H 

0 604 

181 

5 04 

Isobutyric CaH^^COgH 

0 608 

181 

4 96 

Valeric C 4 H 3 CO H 

0 616 

187 

5 16 

Qaproic C,H,,CO,H 

— 

170 

4 78 


Appreciable differences are shown in the first 
three members only 

When chlorine, bromine, iodine, or cyanogen, 
IB substituted for hydrogen, the acid character 

inoreasaa. 


Acid 

4 

litres 

82 

litres 

268 

litres 

Monochloracetio OHaOlOOaH 

6 98 

17 8 

87 8 

Diohloracetlo OHCl.OOaH 

34 3 

60 8 

76 2 

Trichloracetic CCI,00,H 

66 9 

7S0 

79 1 

MonobromacetloCH,BrCO,H 



16 1 

86 8 

Cyanacetic OHaCNCOaH 
“Bromopropionic 

10 6 

26 8 

1 

67 8 

CH CHBrCO,H 
^odopropionic 

7 87 

' 178 

86 t 

CHaICH,CO,H 

1 634 

4 886 

11-6 


The chlorinated acids are seen to increase in 
strength as the amount of chlorine increases , 
but even trichloracetic acid does not reach the 
value for hydrochloric acid The substitution 
of bromine, or cyanogen, for hydrogen acts m 
the same way as the substitution of chlorine , 
the action of cyanogen is much more marked 
than that of bromine Introduction of the group 
OH for H in the fatty acids increases the strength 
of the acids, although not to so great an extent 
as 18 noticed in the preceding table 


Acid 1 

4 1 

litres 

32 

litres 

266 

litres 

Glycolic CHaOfTCO,H 

2 08 

6 77 

16 09 

Ghox^Iic COH CO H 

3 66 

9 83 

1 24 61 

Lactic OH,CHOHCO,H 

1 94 

6 49 

14 42 

AOxvpropionic CH,OHCH,COaH 

0 890 

2 63 

718 

TrichlorolacticCCl CHOBCOaH 

11 0 

27 7 

64 8 

PmuvicCH C0C0,H 

9 06 

22 1 

43 8 

Gl> ceric CH.OHCHOHCO.H 

2 46 

6 87 

17 9 

•Ox:y butyric C,H CHOHCO H 

144 

8 99 

10 08 

^Ox\but>ricCH,CHOHCH,CO H 

1 31 

84 

7 70 

Ox'S isobuti ric (6H,)aCOHCOaH 

1 98 

6 07 

12 81 

Methoxj acetic CHaOCHjCOaH 

2 99 

[ 8 29 

20 76 

Ethoxvacetic CH,OCaH*00,H 

2 40 

1 6 94 

17 98 

Difflycohc 0(CH,GO,H), 

600 

13 78 

; 33 68 

Thiodiglycolic S(CHaCOaH), 

— 

11 73 

28 22 


The influence of the relative positions of the 
groups appears to be of importance In the 
cases of the isomeric lactic acids and the oxy- 
butyric acids, that one is the strongest in which 
the OH IS nearest the COOH group Pyruvic 
and gl\ ceric acids seem to obey the same law 
The following members of the oxahc acid senoa 
have been investigated 


Acid 

4 

litres 

32 

litres 

256 

litres 

Oxalic (COaH)a 

Malonlc CHaCCOaH), 

36 82 

614 

79 8 

6 34 

16 6 

37 7 

Succinic CaH (00*11), 

1 30 

3 72 

10 03 

Metlulmalonic CHCH,(COaH), 

— 

12 91 

30 8 

Pyrotartaric OaHjCH (00,11 >3 

2 29 

6 74 

13 19 

Dmiethylmalonic G(CHs) 9 (C 0 aH), 

— 

12 14 

29 59 

Bthylmalonio CH(OaH,)(CO,H)a 

— 

16 18 

86*06 

Sub ric CbH,,(CO,H 

— 

— 

6 99 

Sebioio O.H,B(COaH), 




6 6 * 

Malic C,H,(6H)(COaH), 

2 97 

8 63 

22 28 

Tartanc 0,H,( OH ),( COaH), 

6 06 

13 68 

33 16 

Racemic OaH,(OH)a(CO,H), 

6 07 

13 64 

33 19 

Saccharic C.Hb(0H),(00,H), 

— 

12 14 

29 78 

Mucio C*HB(OH)B(CiO,H), 

— 

— 

16 39 


• By extrapolation. 


As the distance between the two carboxyls in- 
creases the dibasic acids become rapidly weaker , 
sebacio acid is scarcely stronger than the higher 
acids of the acetic series Of the two isomendes, 
BUGomio acid and isosuccinio or methylmalonic 
acid, the latter has the carboxyls neairer together, 
and IS therefore the stronger Tartaric acid and 
racenuc acid show no ^fferenoe , hence t^ 
latter when in solution is not a compound^ 
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right handed and loft handed tartaric acid, as is 
the case m the crystalline form, but it is rather 
a mixture of the two 

The derivatives of benzoic acid are of special 
interest owing to the conditions under which 
laomensm occurs in this series The following 
have been investigated — 


Acid 

32 litres 

266 litres 

Benzoic 0,H,C0jH 



9 96 

Oxybeuzoio [1 2] O,H,0HC0,H 

— 

83 02 

[1 3] 

4 31 

11 24 

» Cl 4] 

Nitrobenzoio [1 2] C,H,NO,CO.H 

2 39 

6 66 

■ — 

64 34 

„ [1 3] 

— 

20 83 

„ [1 4] 

Ohlorobenzoic [12] C.H^CiCOiiH 

— 

22 0* 

— 

32 54 

„ [1 3] 

— 

16 13 

, [1 4] 

Bromobenzolo [1 2] O.H^BrCO.H 

— 

12 7* 

— 

38 89 

^ [1 3] 

— 

14 8 


• By extrapolation 


The substituting radicle always exerts most in 
fluence on the strength of the acids when it is in 
the ortho position There is little difference 
between the meta and para positions It is 
strange that para oxybeiizoic acid should be 
weaker than benzoic acid itself as in all other 
cases the introduction of OH increases the 
strength of the acid This points to the con 
elusion that the affinity forces are of the nature 
of vector quantities, that is, that they are directed 
forces the resultants of which cannot be put as 
simply equal to the sums of the components 
The other acids of the aromatic (or benzenoid) 
group for which measurements have been made 
are as follows — 


Acid 

32 

litres 

266 

litres 

Amidobenzene sulphonlo [1 3] 



C.H NH,SO,H 

4 66 

1613 

Amidobenzene sulphonic [1 4] 



C,H,NH,S0,H 

10 84 

26 36 

Mononltrophenol [O] C,H,NO,OH 

— 

1 02 

*, [1 3] 

014 

0 26 

» [1 4] 

Wnltrophenol [12 1 4]0,H,(N0.)a0H 

0177 

0 41 

— 

10 85 

Trlnitrophenol [1 3 5] C,Ha(NO,JaOH 
Anisic C,EtOCHfCO,H 

— 

79 7 

— 

600 

-Toluio 0,H,0H,00,H 

i 8 61 

9 1 

1 henylglyoolio 0,H,0H0HC0,H 

! 8 02 

22 76 

Bbenoxyaoetlo C,H,OCHaCOaH 

12 57 

28 86 

Phthalio [1 2] C,Ha(CO,H), 

1 16 16 

35 23 

. « [13] 

Nitroph+halic O.H.(NO,) (CO,H), 

88 62 

20 0 

66 67 

.> 

29 22 

( 67 60 
126 00 


The introduction of NHj into benzene sul 
phonic acid, which is nearly as strong as hydro 
chloric acid, is accompanied by the production 
of a much weaker acid The meta acid is weaker 
than the para acid The three nitrophenols 
show the gradation ortho, para, meta, in the 
same way as the mtrobenzoic acids The phe 
nols rapidly increase m strength with the 
number of NOj groups they contain Another 
point of interest is the difference exhibited by 
the isomendes anisic acid, phenylglycohc acid, 
and phenoxyacetic acid Orthophthalio acid 
greatly excels metaphthalic acid m strength , 
while of its two mtro derivatives, the a compound, 
in which the NO^ group is adjacent to the car 
boxyl, proves itself superior to the denvative 
io. ^hicb there is a greater distance between the 


I NO^ and the COOH groups As regards the un* 
saturated acids, the following numbers show that 
they are the stronger the less hydrogen they 
contain 


Acid 

4 

litres 

82 

litres 

256 

litres 

Acrylic OaHaCO,H • 

Crotonic C,H,00aH • 

126 

3 46 

920 

0 728 i 

2 16 1 

688 


17 46 

13 52 
88 16 

32 6 

65 48 

Citraconic \ 

9 68 

24 06 

49 67 

Itaconic (• OaH^COaH 

182 

6 33 

14 68 

Mesaconio ) 



11 93 

29 46 

Hydrooinnammio CgHgC H^COaH 

— 

2 26 

6 08 

Oinnammio OgHaCaHaCOaH: 




7 66 

Phenyipropiolic C H,CaOOaH 

— 

27 66 

62 0 

Hydrosorbio C H,C0 H 

— 

2 29 

6 29 

Sorbic C.H^COaH 
aBromoclnnammic 


— 

6 70 

C.H.OaHBrCOaH 




62 70 

/sBromooinnaniniic 




CaH.CaHBrCOaH 

— 



33 1 

Mfcoontc C,HOaOH(COan), 



102 1 

141 5 

Qulmo C,H,(OH)aCO H 



7 81 

19 92 

Camphoric CgH CaHgCOaH 

— 


[ 6 07 


On comparing acrylic with propionic acid, 
crotonic with butyric acid, fumario and maleic 
with succinic acid, and citraconic, itaconic, and 
raesacoDic with pyrotartanc acid, it is evident 
that for each withdrawal of Hj the acid becomes 
stronger These relations become very con 
spicuous when we compare hydrocinnammic with 
cmnammic and phenyipropiolic acid, and hvdro 
sorbic with sorbic acid As regards the peculiarly 
ties of the dibasic unsaturated acids, they can 
only be just mentioned Meconio acid, which 
stands by itself, is conspicuous by its great 
strength It is the strongest of all acids which 
consist of carbon, oxygen, and hydrogen only, 
and it approaches very near to sulphuric acid 
There is evidently some connexion between 
this property and the small amount of hydrogen 
this acid contains 

The introduction of amidogen and similar 
radicles makes the acids weaker 


Acia 

8 

litres 

32 

litres 

266 

litres 

Amldoaoetlc CHaNHaCO,H 
Hippunc 

0 236 

0 267 

0 32 

0H,NH(0.H,00 )OOaH 
Acetylamidoacetic 

— 

6 68 

17 38 

OH,NH(CH,CO)OO.H 

— 

6 88 1 

17 76 

Oxamlc OONHaOO,H 

Oxalurio 

21 07 

35 88 

62 26 

00(NHC0NHa)C0,H 

— 

[ 67 03 

74 28 

Parabanlo (OONH),CO 

43 36 

48 23 

63 96 


The introduction of the NH2 group into acetic 
acid 18 attended with a great reduction of the 
strength of the acid This acid is considerably 
less weakened when one of the hydrogens m 'he 
NHj group IS replaced by the negative radicle 
benzoyl or acetyl Oxalic acid is also weakened 
by mtroduomg the NHj group On the other 
hand the introduction of the urea residue 
(NHCONHj) into oxalic acid only slightly 
decreases the conductivity of the oxalic acid 
Parabamc acid does not contain the carboxyl 
group, nor does it behave at all like an acid, 
since its conductivity moreases but slightly with 
dilution 

The conditions of affinity among acids form 
the best known part^ of the theory of affimty 
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Our knowledge concerning the bases is much 
more ^anty From the fact that the relative 
affinities of acids are independent of the nature 
of the bases, we can infer that the relative 
afehities of the bases must also be independent 
of the nature of th« acids [J pr [2] 16, 422) 
It IS highly probable that 'the same laws hold 
for bases as foi acids 

It must, however, be admitted that there is 
great lack of experimental data in this depart 
ment Some experiments of Menschutkm (C R 
9b, 256), who drew from them the conclusion 
that Berthollet’s law of the influence of mass 
does not hold, prove only that under the condi 
tions of the experiment the relative affinities of 
the bases compared — potash to aniline, to tri 
rnethylamine, and to ammonia, in alcoholic 
solutions —are very different The same fact was 
proved by some thermo chemical experiments of 
Berthelot 

Nor have many experiments been made by 
the kinetioal method Warder {B 14, ISbl) 
who first applied this method to bases, measured 
the velocitv of decomposition of ethylic acetate 
An investigation made by Keicher (Van’t Hoff, 
Dyn chim 107) in connexion with Warder’s 
work, showed that the velocity of the reaction 
is nearly the same for potash soda, and baryta, 
the electrical conductivities being also nearly 
the same 

Ofetwald {J pr [2] 33, 352) has recently m 
vestigated the electrical conductivities of some 
bases The alkalis KOH, NaOH, LiOH, are 
strong bases , they have nearly the same con 
ductivities TlOH acts as an alkali The con 
ductivities of CaO SrO H , and BaO^Hj, 
referred to masses equivalent to NaOH, &q , are 
the same as those of NaOH, &o , the molecular 
conductivities of CaO^Hj, Ac , are, however, 
double those of NaOH Ac Ammonia is a 
weak base , its conductivity is much influenced 
by dilution , the variations in the molecular con 
ductivity follow the same law as was observed 
for acids Substitution of H or in NHg by 
CHj, C^Hj, and other alkyl groups, increases the 
strength of the base , but N(CH 3)8 and N(C H ), 
are weaker bases than NH(CH 3 )^ and NH(C 2 H 5)2 
These bases all follow the same law of dilution 
The non volatile ammonium bases, e g NMe^OH 
— and also the base (C H 5 ) 8 S(OH) 2 — exhibit con- 
ductivities nearly the same as those of the 
alkahs , guanidine is a little weaker, but belongs 
more to the ammonium bases than to the de 
nvatives of ammonia 

In a memoir not yet published, Ostwald shows 
that these conclusions are confirmed by kmetical 
experiments on the saponification of ethylic 
acetate 

* Besides the investigations which have led to 
numerical values for certain constants of affinity, 
there are numerous others from which such 
quantities cannot be deduced, because the re 
actions investigated were too complex To this 
jlasB belong principally the works of Berthelot 
and P de St, Gilles on etherification, and the 
mvestigations of Menschutkm (collected in A Ch 
[5} 30, 81) on the same subject 

The importance of the first of these in 
chemical dynamics has already been emphasised 
The latter have brought out interesting connec- 
tions between the reaoifions observed and the 


ohenucal constitution of the acids used The 
values obtained do not, however, lend themselves 
to the determination of coefficients of affinity , 
and the investigations themselves cannot there- 
fore be considered here at greater length The 
work of Hoistmann {B 12, 64), and of Dixon 
(T 1884 617), on incomplete combustion can 
likewise only be mentioned 

Little attention has as yet been directed to 
the investigation of the influence of temperature 
on the velocities of reactions, and on the con- 
stants of affinity For the case of the inver 
Sion of cane sugar there are the investigations of 
Wilhelmy, Urech, and Spohr , for the velocity 
of etherification there are those of Berthelot and 
P de St Gilles, as well as those of Menschutkm 
The whole question has been thoroughly investi 
gated by Van’t Hoff By applying the dynamical 
theory of heat he finds that the equation for the 
relation between the tempeiature and the velo- 
city of the reaction, k, must be of the form 
d log k A 
dr ^ 

where r is the absolute temperature, and A and 
B are constants 

Van’t Hoff has also shown that for several 
reactions the observed facts can be very well re 
piLsented by such a formula For details the 
bool of Van’t Hoff which has been mentioned 
must be consulted 

Berthelot and P de St Gilles have found that 
the chemical equilibrium of etherification is in 
dependent of the temperature within a wide 
range Ostwald established the same general 
i&ation for the relative affinities of various acids 
Van’t Hoff shows by the help of the dynamical 
theory of heat that this will occur when the 
reactions producing equilibrium do not give an 
appieciable thermal effect as their resultant 
Moreover, when this is not the case, with a fall 
of temperature the equilibrium shifts m favour 
of that reaction which produces more heat than 
the reverse one (Z c 107) 

We have now arrived at the point where we 
must take up the problem concerning the rela 
tion between affinity and production of heat As 
soon as it had been recognised that the thermal 
action accompanying a chemical reaction was 
the measure of the chemical enetgy used up 
therein, an attempt was made to apply this to 
the question of affinity 

In 1854, J Thomsen enunciated the followung 
laws (P 92, 34) The magnitude of the force 
evolved in the formation of a compound is equal 
to the quantity of heat produced When a com- 
pound IB decomposed by another body the reason 
for this is that the stronger affinities satisfy them- 
seh es , hence decomposition must be aocompa 
nied by an evolution of force Since chemical 
force when hberated under ordinary conditions 
generally manifests itself as an evolution of heat, 
it follows that ‘ every simple or complex effect of a 
purely chemical nature is accompanied by pro 
duction of heat ’ 

This deduction, plausible though it seems at 
first sight, 18 not correct Heat does not measure 
forces but quantities of energy, hence the 
chemical production of heat does not tell us any- 
thing concerning the intensity of chemical f^es 
it jj only the product of their (mean) va^ (if 
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ve imagine them to be forces of attraction) into 
tlie space passed over by the atoms that is a 
quantity of energy, and as such is measurable 
by thermal methods Since we know nothing 
about the spaces passed over by the atoms, and, 
moreover, cannot assume that the spaces are the 
same for all compounds, no conclusion regarding 
the chemical forces can be accurately drawn 
from measurements of the quantities of heat 
produced in chemical reactions 

To point out the old mistake would have 
been uncalled for, were it not that Berthelot has 
of late years enunciated an analogous erroneous 
‘ law,’ which he has defended with great 
warmth It is the more necessary to submit 
this theory to criticism as, owing to the great 
piestige which the renovator of this old mistake 
enjoys— a prestige he owes to his excellent ex 
perimental researches — the theory is surrounded 
as it were by a halo which has deterred many 
from closely examining it Berthelot foimu 
lates his law as follows ‘ Tout changement 
chtmique accoviph sans Vintervenhon d'wie 
dneigie dtrayig^ra tend vers la prodiwtion du 
corp<i, ou du sysUme de torpSy qui d^gage le pha 
de dialeur' And fuither Toute reaction 
chimique susceptible d ctre accomplie sans le 
concours d un travail prdiminaire ct en dehors 
de r intervent ion d'une 4nergie Miangdre a edit 
dcs corps presents dans le sysUme, se produit 
rUcessairementy si elle degage de la chaleur ’ 

By a vague connexion with general dvnamics, 
Berthelot calls this the principle of maximum 
work He assumes it to follow as a natural 
consequence from the dynamical theory of heat 
This view IS erroneous There is no such 
thing as a law according to which a dynamical 
system is in equilibrium when the greatest pos 
Bible quantity of its potential energy has been 
changed into actual energy , but this would be 
the dynamical analogue of the so called chemical 
law 

There does, however, exist a law in the dyna 
mical theory of heat according to which a system 
is in equilibrium when it has attained to the 
maximum entropy This function, which was 
first introduced by Clausius, is, like the energy 
of a system, entirely dependent on the condition 
of the system, it is defined by the equation, 

\^here S stands for entropy, Q for a 

quantity of heat given to the body, and T for the 
absolute temperature Horstmann (A 170,192) 
was the fiist to apply this law to chemical 
phenomena The investigation has also been 
earned out very fully by Willard Gibbs Unfor 
tunately, the law is of very limited application 
The integration can only be accomplished if the 
substances experimented with are perfect gases 
Horstmann has shown that the law of entropy 
then leads to the same result as is attained by ap 
plying Goldberg and Waage’s law of the influence 
of mass This Law has thus been supplied from 
the theoretical aide with a valuable confirmation 
As far as we can tell, the law of entropy does 
not generally lead to reactions which are quite 
completed on one side, but rather to conditions 
of chemical equilibrium between opposite pro- 
ccsBes According to Van’t Hoff (Z c p 153), 
these processes vaxy with the temperature, if 


they are accompanied by a positive of negative 
production of heat, and the law is that the 
equilibrium shifts the more in favour of the 
positive theimal production the lower is the tern 
peraiure It is, however, only at absolute ao'ro 
that the reaction would ,take place in one 
direction only {if at •this temperature chemical 
reactions aie at all possible) , and it is only for 
this limiting case that a law of maximum 
thermal effect would hold good 

This IS all that the law of the maximum 
theimal effect really contains, it is a limiting 
case from which the actual conditions differ the 
more the higher is the temperature Since the 
tempeiatuie at which ordinary chemical re 
actions occur is not very high, the reactions ac 
companied by production of heat preponderate 
This had been aheadv noticed by Thomsen, and 
the approximation to ti uth contained m the law 
we certairil> owe to him 

What Berthelot has added refers to the 
cases of chemical equilibrium which have been 
established beyond doubt and which, according 
to the piineiple of maximum work, ought not to 
occur, this law asseits that because one of two 
ipciprocal reactions is attended with production 
of heat that one ought to take place exclu 
sively It is Berthelot’s endeavour to reduce 
all loactions in which chemical equilibrium has 
been obseived to cases of paitial di‘^sociationy 
wlierein the masses of the reacting bodies do 
not act as wholes To accomplish this, he is 
obi end to call reactions of a purely chemical 
natuie dissociations for example, the decom 
position of acid sodium sulphate in aqueous 
solution, a leaction brought about by the aliinity 
between sulphuric acid and water The whole 
explanation resolves itself into reasoning in a 
circle It need scarcely be said that an explana 
tion of this kind cannot account for the laws by 
which the chemical equilibrium, the velocity of 
chemical reactions and the electiical conduc- 
tivities of the leactmg bodies, are connected 

There is no doubt that, with the possibility 
of a mere general application of the laws of 
entropy to chemical reactions, thermochemioal 
data will become important and fundamental 
means for the investigation of the relations of 
affinity Moreover, there is little doubt that 
Bergmann’s theory of affinity, revived in a 
theimochemical form, is not the solution of the 
problem, and that, in spite of its modern 
appearance, it can as little k&sp its ground 
against Borthollet’s far reaching views as it could 
m Its older foim 

Of all the great old standing problems of 
chemistiy, that of chemical affinity has been 
least developed The general relations and laws 
given m this article refer only to a limited nuipb^r 
of substances, and to a limited number of reac 
tions, many parts of the question have not yet 
been investigated at all Great and important 
progress has, however, been achieved by Berthol 
let’s enunciation, and Guldberg and Waage b 
rational formulation, of the law of active massesfc. 
It must, however, be admitted that there are some 
reactions which seem to contradict this law, and 
which cannot be explained by it when taken m 
itseimple form It is not necessary to reject the 
law on this account, as has been done by some 
The actual conditions of ^ach expenment we make 
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are bo complex that we are not able to completely 
apply the law of the influence of mass We 
must content ourselves with an approximation 
which does not always lie within the limits of 
experimental errors The motions of the stars 
cannot yet be represented in strict accordance 
with the law of gravitation , yet the first ap- 
proximation 18 sufficient to remove any doubts 
as to the validity of the law The law of the 
influence of mass m its simple application is also 
only true to a sufficient approximation in those 
oases in which the effects consideiod are of great 
magnitude as compared with those neglected 

(In connexion with ^ Physical iinTHons, 
F6otion Optical ) WO 

AGAR AGAB or Bengal Isinglass 
A vegetable gum obtained in China from sea 
weeds Eiicheuma spinosunij sphcerococcus 
lichenoides^ spinosus, and tenax Tiansparent 
colourless strips, almost completely soluble in 
water forms a large quantity of thick, taste 
less, and odourless jelly Dilute H SO4 forms 
galactose, chaiacterised by its conversion into 
galactonic acid by Br and Ag^O This galactose 
IS formed from a carbohydrate, C(,H,oO^, present 
in the agar agar (Bauer, J pr [2] dO, 307) 
AGAEICIC ACID 

C,«H3 oO aq [139°] (J ) , [145 7°] (F ) S 8 at 15° 
Obtained, together with agaric lesin, from the 
larch fungus [Boletus Laricis) by extraction 
with dry ether (Fleury, C R 70, 53) or with 
90 p c alcohol (Jahns, Ar Ph [3] 21, 221 260) 
Four sided, silvery plates (from 90 pc 
alcohol at 50°) or pri«ms (from dry alcohol) 
V sol hot glacial HOAc or oil of turpentine, 
m sol chloiofoim or ether, V si sol benzene or 
cold water Swells up and dissolves in boiling 
water but crystallises out again on cooling 
Oxidised by HNO3 to butyric and succinic acids 
Salts — Amorphous, insoluble pps The 
neutral salts, M CnjH^gOs lose Hp at 120° 
becoming M — NH^HA" — NaA^' (at 

120°) — KjA^^ — BaA" — Ag k" gelatinous pp 

Hot alcoholic solutions give, with AgNO,, a pp 
of Ag CigH (Jahns) 

AGABICIN The fly agaric [Agaricus albus) 
yields to alcohol a non nitrogenous crystalline 
powder having a sweet taste with bitter pungent 
after taste , slightly soluble in water, insoluble 
in ether , decomposed by boiling with dilute 
acids, or by contact with saliva, yielding a 
substance whic>' exerts a slight reducing power 
on alkaline copper solution (Schoonbroodt, J 
18b4, 613) According to Jahns [J 1883, 1400) 
it IB identical with agaricic acid H W 

AGAEIC EESIN v Agaricic Acid 
Red, amorphous, solid , melts at 89 7° , dis 
ifolves m absolute alcohol, ether, wood spirit, 
and chloroform, but is insoluble m water, 
benzene, and CSj , slightly bitter , dissolves in 
alkalis Na salt precipitated by alcohol in flocks 
changing in 24 houis into long needles Forms 
precipitates, mostly crystalline with metallic 
salts (Fleury, C R 70, 53) H W 

AGAEICUS A genus of Fungi Many 
fungi, especially the agarics, contain an amount 
of nitrogen exceeding that in peas and beans, 
varying from 8 19 p c to 7 26 p c (Sohlossberger 
a. Dopping, A 62, 106) 

The solid tissue consists of cellulose. Aganos 
aontoin mannite and fermentable su^ar, but no 


I starch Many aganos contain fumano acid, 
sometimes associated with mahc or citric acid 
Agaricus bulbosus and A integer yield 
crystallisable hydrochlorides and platino- 
chloiides of basic bodies (Thorner) 

Agaricus ruber or sanguineus contains a 
colouring matter, ruberine^ soluble in water 
and in alcohol It is rose red by transmitted 
light, having two absorption bands in the green, 
but it exhibits strong blue fluorescence Dilute 
HCl extracts an alkaloid, agarythrine, from 
the fungus , this alkaloid is converted by 
oxidising agents into a red substance, possibly 
ruberme (T L Phipson, C N 46, 199) 

Agartcm integer^ contains an acid, with 
following properties white needles [70°], very 
soluble in ether, benzene, CSj, CHClj, hot 
alcohol and acetic acid, insoluble in water, and 
cold alcohol and acetic acid — A' Pb insoluble 
white pp [114°] The alkaline salts are sparingly 
soluble in cold water, and the salts of the heavy 
metals, insoluble (Thorner, B 12, 1635) 

Agaricus atramentosus yields to boiling ether 
a dioxyquinone C,,HaO^(OH)2 Dark brown 
metallic shining lamina), dissolving with yellow 
colour in alkalis, insoluble in water, ether, light 
petroleum, benzene, chloroform and CSg Sub 
limes with great difficulty m yellow microscopio 
tablets It IS reduced by boiling its alcoholic 
solution with zinc dust, the resulting colourless 
liquid becoming yellow green again on exposure 
to the air The ammonium salt is a green 
crystalline powder, dissolving readily m water 
with violet colour nearly insoluble in boiling 
absolute alcohol — Be, salt dingy flesh coloured 
crystalline precipitate (Thorner, B 11, 533) 
The dvxcetyl derivative C, H,204 = C,,Hg02(OAo)j 
forms small reddish yellow tablets 

Boletus Laricis contains besides aganoic 
acid and (25 p c of) agaric resin also 3 to 5 p 0 
of a neutral body, which crystallises in needles, 
[272°], and may be sublimed (E Jahns, J 1888, 
1400) H W 

AGAVE Well preserved juice of Agave 
ameiicana, sp gr 1046 at 15° was found by 
J Boussmgault [A Ch [4] 11, 447) to contain 
in 1000 parts 26 45 levulose, 61 71 saccharose, 
3 53 malic acid, 6 45 gum, 10 13 albumin, 0 Ob 
ammoma, 6 21, inorganic salts, and 886 46 water 

H W 

AGE or AXIN The fat of Coccus Axin grow 
ing in Mexico, consists of the glycerides of laurio 
and axinio acids (Hoppe, J 1860, 324) H W 
AGGEEGATION, STATES OF —In this ar 
tide the differences between the properties of 
bodies in the solid, the liquid, and the gaseous, 
condition, are looked upon as due to differ 
onces in the state of aggregation of those small 
particles, of which, according to the molecular 
theory of the constitution of matter, all bodies 
are composed According to this theory, our 
power of subdividing matter cannot be carried 
beyond a certain limit, whatever means— chemi 
cal, physical, or mechanical— we employ In 
other words, the theory asserts that the largest 
quantity of a body which we cannot subdivide by 
any means in our power is of finite size , it is 
called the atom of the substance of which the 
body IB composed Each elementary body haa 
its peofdiar atom, and the umon of atoms of 
differed kmds forma the gmaUest qu^titj 
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whioh can exist of a compound substance , this, 
however, cannot, in accordance with the defini 
tion, be called an atom, since, by the nature of 
the ease, it can be divided by chemical, and often 
even by physical, means Though matter can be 
divided down into atoms by chemical means, 
yet we have reason to believe that when only 
physical processes are going on the sub division 
of matter is not in general carried so far , and 
that just as in an army, though the unit is the 
individual soldier, yet for military purposes the 
soldiers forming a regiment always act together, 
BO in matter, groups of atoms, called molecules, 
remain together for a considerable time The 
molecule, however, is a very much less definite 
thing than the atom, and it must not be assumed 
without proof in each case that the term has 
always a definite meaning, or that there may 
not in the same body be molecules consisting of 
very different numbers of atoms There is 
strong evidence, too that, in some cases at any 
rate, the molecule does not always consist of the 
same atoms , the molecule after a time seems to 
break up and the constituent atoms find fresh 
partners In some cases, however, such as 
those of the permanent gases, we have reason 
to believe that the numbei of molecules which 
consist of the same numbei — sa^ n — of atoms, 
IS enormously gi eater than the number of those 
consisting of any othei number of atoms If, 
however, we laise the temperature, then, in the 
case of some gases at any rate, dissociation sets 
in , that IS, theie aie now a oonsideiable numbei 
of molecules in which the number of atoms is 
less than n , this is shown by the abnormally 
email densities of such gases at high temperatuies 
On the other hand, the density of a vapour neai 
its point of condensation is often abnormally 
gieat, as in the case of acetic, formic, and mono 
chloracetic, acid a part at any rate of this 
increase m density vould seem to be due to the 
foimation of molecules consisting of a gieator 
number of atoms than those foimed when tlie 
temperature was raised far above that of the 
point of condensation 

Accoiding to the molecular theory of matter, 
the diffeience between the molecular constitution 
of bodies in the solid, liquid, and gaseous, state 
18 that in the solid state the molecules oscillate 
about a position of eciuihbrium and never get | 
fai fiom their oiiginal position m the body , in 
the liquid state the molecules are supposed not 
to oscillate about positions of equilibiium, but 
to be compaiatively free to move in any direc 
tion , they cannot, however, move fai without 
coming under the influence of other molecules, 
BO that their couises are constantly being 
changed and do not bear any approximation to 
straight lines , in the gaseous state the mole 
cules are bo far apart that for the greater pait 
of the time they are describing straight lines, 
the time during which they are under the influ 
enoe of other molecules being an exceedingly 
email fraction of the whole time 

We must be caieful to remember that there 
18 no evidence that the molecules in the liquid 
or solid state consist of the same number of 
atoms as those of the same substance in the 
gaseous state , but that on the contrary it seems 
most probable that in the solid and liquid states 
the molecules are systems whose complexity is 


not only very different from the molecules in 
the gaseous state but that these molecular aggre- 
gations vary very much in complexity among 
themselves These molecular aggregations ^re 
probably not permanent but are continually 
breaking up and their ccfnstituents changing 
partners , this brealcing up and re formation of 
the molecular aggregations would produce the 
same effect as the collisions between the mole 
cules of a gas, that is, it would tend to equalise 
the distribution of momentum and energy, so that 
it would make the substance possess viscosity* 
and be able to conduct heat In fact, the 
collision between two molecules of a gas is the 
foimation and breaking up of a molecular aggie 
gation, and the difference between this case and 
that of a solid or a liquid is that the ratio of the 
time the molecular aggiegation lasts to the tune 
which elapses between the formation of sue 
cesbive aggregations is much smaller in the case 
of the gas than in that of the liquid or solid 
The simplest state of aggregation we can imagine 
is one where the molecule and the atom are 
identical, that is, where the molecule consists of 
only one atom , this case is realised by a mon 
atomic gas such as meicury, and possiblj b> all 
gases when the tempeiatuie is sufticiently high 
The properties of matter in this state have not 
been investigated with special regard to the 
diffeiences between this and more complex 
fetatesof aggiegation, Schustei (Pr 1885 ), how 
e\ei, has shown that the phenomena of the 
ekctiic discharge thiougU mercury vapour are 
quite difterent fioni those occurring in a gas 
wliobe molecules aie polyatomic 

In the case of most elementary gases the 
molecules consist generally of two atoms, and 
Ibis case has received by far the largest amount 
of attention both fiom the experimental and the 
theoietical point of view The most important 
results of the kinetic theory of gases from the 
chemical point of view are — fii st, Avogadro’s law, 
which states that in equal volumes of all gases 
at the same tempeiature and pleasure there are 
the same numbers of molecules From this it 
follows at once that, as long as all the molecules 
consist of the same number of atoms, the ratio 
of the molecular weights of two gases is the 
same as the ratio of their densities It must, 
however, be clearly undeistood that this result 
18 only true for perfect gases, that is, for gases 
in which the pressiiie is produced entirely by 
the sti iking of the molecules against the sides 
of the vessel containing tlie gas, and not at all 
by the foice between the molecules If a gas 
obeys Boyle’s law it is a peifect gas for this 
purpose, and we may apply Avogadro’s law to it , 
this law is not, however, applicable when Boyle’^ 
law does not liold If the departure from the 
law be slight, and if dp be the deviation of pres 
sure from that given by Boyle’s law, then the 
number of molecules in unit volume will equal 
the number in the same volume of a perfect gas 
at the same temperature and pressure multiplied 

by ^ 1 — ^ ^ , where p is the pressure This correc** 

tion IS quite appreciable in the case of all but 
the most permanent gases Maxwell mvesti 
gated the distribution of velocity among the 
molecules of a gas, an!i showed that when the 
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gas waa in a steady state the molecules could 
not ali be moving with the same velocity , he 
gave (P M [4] 19, 22) a foimula which tells how 
many molecules there are whose velocities are 
between any assigned limits We shall here, 
however, only give a tew numbers calculated from 
that formula To take the case of oxygen at 
, about ^ the molecules are moving \Mth 
velocities of between dOO and 600 metres per 
second, about between 300 and 100, only 
about with velocities less than 100 metres 
per second, and not part with velocities 
greater than 1,200 meties per second The 
velocities with which the molecules of the same 
gas are moving at diffeient temperatures are 
iwroportional to the square ro its of the absolute 
temperatures , thus the distribution of velocity 
among the molecules of oxygen at 273°C would 
be got by multiplying by a,/ 2 all the velocities at 
0°C The velocities with which the molecules 
•of different gases are moving at the sirne tern 
perature are inversely proportional to the square 
roots of their molecular wc g its , thus, for 
example, the velocities of the liydiogen mole 
cules aie on a scale four times as gieat as that 
of the OX} gen molecules 

We can estimate by the methods of the 
kinetic theory of gases (see Meyer, Dto Kine 
tibche Theorit der Oaoe) the number of mole 
cules in a cubic centimetre of tlie gas and the 
diameter of the molecule, if tho molecule is 
looked on as a hard elastic spheie, or if the 
molecule be considered as a system, we cm 
estimate the distance between two molecules 
when their paths become appicciably cuived 
We find as the result of such calculations 
that there are about 21 tiillion molecules 
m a cubic centimetre of gas under the 
pressure of 760 mm of mercury at 0°C , so 
that the mean distance between the mole 
cules IS between 3 and i milliontlis of a 
millimetre, or about 3 5 x 10~’ centime ties , the 
diameter of the molecule is probably between 
1 X 10 ^ centimeties and 3 x 10 " centimetres, 
or between 1 and of the mean distance 
between the molecules Another quantit} which 
it 18 important to know is the mean distance 
through which the molecule passes between two 
collisions , this IS called the meanfiee path of 
the molecule, and it is inversely proportional 
to the density For hydiogen at the pressure 
of 700 mm of mercury the mean free path is 
about 1 8 X 10'* Centimetres , at the pressure of 
1 mm the free path is about n of a millimetie , 
and at a pressure of a millionth of an atmosphere 
about 18 centimetres When the free path is 
comparable with the dimensions of the vessel 
in which the gas is inclosed, the gas can exhibit 
phenomena of a different character from those 
shown when the free path is indefinitely small 
compared with the dimensions of the vessel 
The radiometer exhibits effects of this kind, and 
Crookes has called a gas rarefied so much as to 
show rotation m a radiometer, matter in the 
fodrth or ultra gaseous state But this is using 
the word state m a different sense from that in 
which it IS used m the phrases solid, liquid, 
and gaseous, states, for these states do not 
depend upon anything but the matter itself, 
while the ultra gaseous state depends upon 
the ratio of the free patlf to the other lengtha 


involved, if we increased all the lengths pro- 
portionately to the rarefaction, the gas would 
not show any of those properties which character 
ifae the so called ultra gaseous state, while, on 
the other hand, if we experimented with small 
enough instruments we could get all the ultia- 
gaseous effects manifested by a gas at the atmo- 
spheiic pressure 

The distribution of energy among the mole 
cules IS of much chemical interest It seems, 
however, that in one respect the results of 
theory have been misinterpreted , it has been 
said that because iodine, for example, is dis- 
sociated at a temperature a little over 600°, and 
since in iodine at any temperature there are 
some molecules possessing the same amount of 
energy as those which aie split up at 600°, that 
theiefore these molecules ought to be split up, 
and if any substance were present capable of 
combining with free iodine the whole of the 
iodine would ultimately combine with this sub 
stance Now although there are apparently no 
experiments which may be called secular to say 
whether or not this would ultimately happen, 
yet it IS certain that it does not happen so quickly 
as theory would indicate, if eveiy molecule 
which possessed the same kinetic energy as 
that possessed by the average molecule at 600° 
weie straightway dissociated and entered into 
combination with the other substances present , 
theic seems, however, to be no reason why this 
should be the case, for though one molecule at 
0° may have the same energy as one at 600°, 
yet dissociation must depend upon the suriound 
ing molecules as well as upon the molecule 
Itself Now the molecule at 600°, though it 
possesses at any instant the same energy as one 
at 0°, IS yet surrounded by molecules which are 
moving veiy much faster than itself, and whose 
energy is much more nearly equal to its own, so 
that it 18 not so likely to lose its energy by 
collision with other molecules as the molecule 
at 0° which is surrounded by molecules with 
much less energy than itself For this reason the 
tendency to dissociate will be very much greater 
at 600° than at 0°, and a molecule at the former 
temperature may dissociate while the latter may 
lose its energy before this can happen 

The distribution of energy affects the specific 
heat very much , so that if we know the 
value of the specific heat we can tell a good 
deal about the energy of the molecule, as the 
following theoretical investigation will show 
Let us begin with the case of a gas the molecule 
of which 18 of any degree of complexity, measured 
by the number of degrees of freedom, p There 
18 a theorem due to Boltzmann which states 
that the mean energy correspond ng to each 
degree of freedom is the same, so that the mean 

P 

total energy of the molecule is j times the mean 

energy due to the translatory motion of tho 
centre of giavity Though there is very strong 
evidence against the truth of the theorem in this 
form, and the mathematical proof of it is un- 
satisfactory, yet a very special case of it is pro- 
bably true, VIZ that if we have a molecule oon- 
Bistmg of n atoms approximately symmetnoally 
arranged (that is, if the distance between a par- 
ticular pair of atoms is not always very maoh 
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less than the distances between the other pairs), 
then the ratio of the mean total kinetic ener(?y of 
the molecule to the energy due to the translatory 
motion of its centre of gravity is proportional 
io n, the number of atoms in the molecule 

Let the ratio of the total kinetic energy to 
the translatory energy of the centre of gia\ity, 
which by the kinetic theory of gases is measured 
by 6 the absolute tempeiatuie, be Then the 
total kinetic energy in the gas 2J3nd ~ 0 n' 0, 
when h' 18 the number of atoms in the gas If 
all the atoms be of the same mass, m and the 
quantity of gas be the unit of mass, then s'm = 1 
BO that the total kinetic energy in the gas 

« which, if 3 be the same for all elementary 
m 

gases, IS inversely proportional to the atomic 
weight of the gas If the gas had been a com 
pound such that each molecule consisted of a 
atoms of mass m, b of mass w', c of mass w", 
and so on, then for unit mass of the gas, 

^'{ma + iii'b 4 m' c) ^ 

(a 4- 6 4- c) 

90 that the energy m unit mass 

fi6(a 4- fc + c) 

“ ma + m/h 4- 

Now a + b + c is the number of atoms in the 
molecule, and fna + vi'b4-in''c is the mass of a 
molecule, so that the eneigy of unit mass 
^30(number of atoms in the molecule) 
mass of the molecule 

ns first suppose that all the eneigy in the gas is 
kinetic, then the energy in unit mass of the gas 
B8 

at temperature 6 is — so that the specific heat is 

m, 

Bd 

— or the product of specific heat into the mass 
tn, 

of an atom, which is called the atomic heat, is 
equal to 3, and, as experiment shows, does not 
vary much from gas to gas For a compound, 
we see from the expression given above for the 
energy, that the product of the specific heat into 
the mass of a molecule equals 3(number of atoms 
in the molecule), so that for all perfect gases, 
simple or compound, the product of the specific 
heat into the mass of the molecule = 3(number of 
atoms in the molecule) We may remark that 
with our assumptions the ratio of the specific heat 
at constant pressure to that at constant volume 

-i+1('i+5p1 

8)3 V p / number of atoms in the 

molecule, 

when bp IB the deviation of the pressure from 
that given by Boyle’s law The experimental 
results show that for most perfect gases, simple 
or compound, the molecular heats are constant, 
showing that 3 is constant for such gases, or 
that the whole kinetic energy is proportional to 
the product of the number of atoms in the mole 
oule and the energy due to the translatory 
motion of the centre of gravity There are, 
however, some simple gases, such as chlorine 
and bromine vapour, whose atomic heats are 
much higher than the value given by the above 
rule These gases are, however, easily liquefied, 
and so when heat is apphed, work is done m 
altering the moleonlar state as well as m raising 
the temperature, this will produce an efieot 


equivalent to mcreasmg 3, and will lihereibr* 
explain the large value of the atomicf heat» 
We should expect a large value for this quantity 
too if the gas were dissociating There are 
some compound gases, on the other hand, such 
as ammonia, ethylene, anck marsh gas, whose 
molecular heats are foo small to agree with tlue 
above rule, if we suppose that the number o£ 
different systems in the molecwle is the same sui 
the number of atoms indicated by the chemical 
formula of the gas If, however, two or more 
atoms always remain close together, they will 
for oui purpose count as one atom, as it is only 
when the molecules are approximately symme- 
trically arranged that we can assume that tha 
total energy is proportional to the number cC 
atoms The total energy is proportional to the 
number of distinct systems , and if a group of 
atoms always remain close together they only 
count as one system, however many atoms there 
may be If, for example, the atoms in a radicle 
always remain together, the radicle, for this 
purpose and m the formula t&r the ratio of the 
b)>ecific heats, will only count as one atom We 
may therefore regard those compounds which 
have too small atomic heats, as consisting of but 
few sepal ate systems, though there may be a 
great number of atoms in tho molecule 

The determinations by Dulong and Petit and 
others of the specific heats of elementary bodica 
in the solid state show that for these bodies the 
atomic heat is approximately constant, while 
Ivopp’s expenments on the specific heais of com- 
pound solid bodies show that for many such 
solids the product of the mol w and the specific 
heat 18 proportional to the number of atoms in 
the molecule, just as for gases The expression 
for the kinetic energy of onit mass of a solid will 
probablj be of the same form as that which we 
found for a gas , for this only depends upon the 
assumptions that the absolute temperature is 
proportional to the mean energy due to the 
translatory motion of the centre of gravity of 
the molecules, and that the ratio of the mean 
total kinetic energy of the molecule to the 
mean energy due to the translatory motion of 
the centre of gravity is proportional to the num 
ber of atoms in the molecule These assump- 
tions will probably hold for the solid and liquid 
as well as for the gaseous state We must re- 
member that when heat is applied to a solid or 
liquid, work is done in altering the molecular 
configuration as well as in mcrlasing the kmetio 
energy of the molecules All solids and liquids 
appear to be able to get into a condition in 
which the specific heat does not alter with the 
temperature, and it is in this condition that the 
atomic heat is constant Now if the specific 
heat is independent of the temperatuie, the 
work spent in altering the molecular configura 
tion must bear a constant ratio to the work 
spent in increasing the kinetic energy , and if 
the atomic heat is constant this ratio must be 
the same for all substances , so that Dulong and 
Petit’s expenments show that when heat* is 
applied to a solid or hquid it is divided between 
the energy of molecular configuration and tho 
mean kinetic energy, in the same proportion for 
all substances , and since for many substances, 
such as iodine, bromine, mercury, iko , the 
tpecifio heat m the s&lid state is twice that in 
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litc gaseous^ it is equally divided between these 
two foims of energy, a result which purely 
dynamical considerations would also lead us to 
regard as the most probable one The specific 
h«Ats of liquids seem to be more irregular than 
tliose of either snlids or gases, but the 
bodies for which this is the tsase are those whose 
melting and boiling points are comparatively 
close together, and we may suppose that the 
nature of the molecular configuration alters 
with each change in temperature, and this 
makes the specific heat abnoimally large The 
specific heats of those substances which exist in 
the fluid state through wide ranges ol tcmpeia 
ture seem to be the same m the solid and fluid 
fixates 

When the specific heat of a solid compound 
IS much smaller than the number ot atoms in it 
' would lead us to expect, we may, just as in the 
case of a gas, conclude that two or moie atoms 
%-hvays remain close together in the molecule 
It IS impoitant to notice, however, that the 
specific heat cannot give us any information 
about what we may call the moleeuldfr aggiega 
tion of the solid or liquid, that is it atlords no 
information as to whethei the molecules are 
isolated or form gioups, for it we bU])pose the 
molecules to unite and form moic complex ones 
the atomic heat would remain the same as long 
as the energy was equall} divided among the 
atoms or radicles forming the molecules 

Change of State — Gaseous to Liquid 

By the application of great pressure accom 
anied when necessary by intense cold, all gases 
ave been liquefied, and during this process they 
pass through all intermediate states so that at 
some stage of the process it is impossible to tell 
whether the substance is a gas or a liquid It is 
found that there is for each gas a temperature 
above which it cannot be liqutlicd by the appli 
cation of the most intense pressure so that at a 
temperature higher than this the substance can 
only exist as a gas This temperature is called 
the critical temperature, and Andrews has pro 
osed to call a substance at a tempeiature 
igher than its critical tempeiature a gas, and 
one which though in a gaseous condition is yet 
at a temperature lower than the critical tern 
perature, a vapour Van der Waals {Conhnuitdt 
des Oasformigen und fiiissigen Zustandes, 87), 
and Clausius {W 9, 1880), have shown how to 
calculate the critical temperature from the 
difference between the pressure of the gas in 
any state and that given by Bojle’s law 

We shall here confine ourselves to showing, by 
general reasoning, that a critical temperature 
must exist When a body is in the liquid state the 
ratio of the work required to separate the parti- 
cles to an infinite distance to the kinetic energy 
of the molecules must exceed a certain limit, for 
the substance will behave as a liquid or a gas 
according as the forces between the molecules 
are or are not able to change their kinetic energy 
ap^eciably in the interval from one collision 
to another The molecules wiU change their 
kinetic energy appreciably if the ratio of the 
alteration in the mutual potential energy of the 
molecules to their initial kinetic energy is finite , 
but for this to be the case the ratio of the work 
required tc separate the mofeoules to an infinite 


distance must be fimte, so for a body to be iia 
the liquid condition this ratio must exceed a 
certain quantity, say, k Let v be the work re«- 
quired to separate one of the molecules from the 
remainder, and t the kinetic energy of the transla- 
toiy motion which is proportional to the absolute 
tempeiature, then the substance will behave 

like a liquid il — be greater than b, but like & 

T 

gas if ^ be less than this quantity Now w 

T 

cannot be greater than the work, v', required to 
BPpaiate the molecules when they are quite close 

together, so that when ^ the substance 

wall always behave like a gas Now t is pro*- 
portional to the absolute temperature, so that 
when the absolute temperature exceeds a certain- 
value the substance will alwa} s behave like a gas,. 
! that IS, it cannot be liquefied This shows that 
thcie must be a ‘critical temperature,’ and it also 
shows that the critical temperature is propor- 
tional to the work required to separate the mole 
cules , a measure of this will be the amount of 
heat required to convert the substance from a. 
liquid into a gaseous state under infinite pres- 
sure Wc can take as a practical measuie the- 
latent heat of the substance The mean kinetia 
energy of the tianslatory motion equals the 
absolute temperature, so that if h be the latent 
heat, B the critical temperature, nv' will be pro- 
portional to h, wheie n is the number of mole- 
cules m unit mass, and t is proportional to 6„ 

so that since -L is constant, we should expect 

T 

to find that the critical temperature multiplied 
by the number of molecules in unit mass — or,, 
what is proportional to it the reciprocal of the 
molecular weight— ought to be related to the- 
latent heat so that when one is great the other 
IS great also The following table will show 
that this condition is appioximately fulfilled — 


Babstanoe 

Abpo 

lute 

enti 

eal 

tern 

pera 

ture 

Critical 
tempera- 
ture 
diviaed 
by raol w. 

Lateol 

heat 

Alcohol C H^O • 

610 

11 1 

209 

Acetone 0,11^0 

605 

87 

140 

Carbon disulphide CSj 

646 

73 

105 

Benzene CaH„ 

658 

717 

109 

Methyl acetate 

503 

68 

110 

Eth\l formate C,H,,02 

603 

68 

105 

Sulphurous oxide bOg 

429 

67 

94 

Ether C^H,„0 

468 

b3 

94 

Ethyl acetate . 

613 

6 83 

105 

Chloroform CHCl, 

633 1 

4 51 

67 

Carbon tetrachlorideCCl^ 

657 i 

36 

52 


Passage fbom the Liquid to the Gaseous 
State 

Though it requires the application of pressure 
and cold to make a substance pass from the 
gaseous to the hquid state, yet the substance 
will always to a limited extent pass of itself 
from the liquid into the gaseous state In the 
space over a hquid m the equihbiium oonditioo 



92 


AGGREGATION, STATES OF 


there ifl always a quantity of the vapour of the 
liquid, the quantity of vapour in volume 
depending only on the nature of the liquid and 
the temperature , in other words, the vapour 
exerts a definite pressure called the vapour pres 
sure (often erroneously the vapour tension) If we 
have a quantity of liquid in a vessel furnished 
With a piston the liquid will evaporate until 
there is a certain quantit} of vapour in each 
unit of volume above the liquid , if we depress 
the piston so that this volume diminishes by 
V then a quantity of vapour equal to that in 
volume v will condense , if the piston be raised 
again the vapour will be re foimed In this 
way we can have a continual transference fiom 
the gaseous into the liquid state and back again 
In this process, however, we have onlv matter 
in these two states and have no continuitv of 
state from the gaseous to the liquid as we had 
in the process by which the peimantnt gases 
are liquefied The vapour pressures of different 
liquids vary enormous 1} , thus for sulphuric acid 
the vapour pressure is so small as to be almost 
inappreciable , for sulphuric acid, mixed with its 
own volume of water, it is about one eighth of a 
mm at 15°C , foi water at the same tcmperatuie 
it 18 about 12 6 mm , for alcohol, 32 mm The 
vapour pressure always increases as the tern 
perature rises, but until the temperature reaches 
a certain value depending on the pressuie, the 
liquid which evaporates is always that on the 
surface, and none of the liquid in the interior 
passes into the gaseous condition When, how- 
ever, the vapour pressure becomes greatei than the 
pressure on the suiface of the liquid, the bubbles 
of vapour which form on the sides will be at a 
pressure equal to or gi eater than the pressure 
in the surrounding fluid, and so will expand 
and be able to reach the top without con 
densing When this takes place, %e when 
portions of the liquid not on the suiface are 
converted into gas, the liquid is said to boil 
The temperature of the boiling point will increase 
with the pressure , it cannot, however, even by 
the application of an infinite pressure, be raised 
above the critical temperature of the substance 
Bodies which have small vapour pressuies at 
ordinary temperatures have high boihng points , 
but it does not follow that because the vapour 
pressure of one substance is at some tempera 
ture greater than that of another its boiling- 
point will be lower, for example, at 15°C the 
vapour pressure of carbon tetrachloride is greater 
than that of methyl alcohol, though its boiling 
point IS higher According to the molecular 
theory, some of the molecules manage to escape 
from the hquid, we may suppose because they 
are moving so fast as to be able to escape from 
the attraction of the other molecules , on the 
other hand, some of the molecules of the vapour 
strike the surface and get caught by the mole 
cules of liquid When things are in a state 
of equilibrium as many molecules escape from 
the hqmd as are caught by it 

Although the vapour densities of many sub 
etanoes have been determined, few expenments 
seem to have been made on the rate of evapora 
tion and condensation The knowledge of these 
rates would very much increase our knowledge 
of the constitution of fluids* 

The forces between the molecules m the 


liquid state must be sensible otherwise we should 
not be able to spend woik upon a hquid vnthout 
incieasmg the kinetic eneigy, as we do when we 
convert water into steam at the same tempera- 
ture The latent heat may be taken as a mea- 
sure of the potential energi lost by the transi- 
tion from the gaseous to the liquid state In a 
fluid the potential energy of the molecular con- 
figuration seems to depend only on the mean 
distance between the molecules , for the fluid 
resists anything tending to diminish its volume, 
but does not resist anything tending to change 
its shape When the fluid is in such a condition 
that its specific heat is independent of the tem- 
perature then any increase in the kinetic energy 
must be accompanied by a proportionate increaarj 
in the potential energy of the molecular con 
figuration Now, if the forces between the mole- 
cules aie large it will requiie a smaller increase 
m the di^^tance between them to increase the 
potential eneigy by a given amount than if they* 
weie smaller, so that for a given increase in the 
kinetic energv, that is, a given rise in tempera- 
tiue the Jhciease in volume will be less when 
the forces between the molecules are great than 
when they are small, so that the coefficient of 
expansion will be small when the forces between 
the molecules are great, but when the foicea 
between the molecules are great the fluid is in 
compiessible and the product of the mol w and 
latent heat is large , so that we should expect a 
small coefficient of expansion, incompressibility, 
and large latent heat for equal volumes to go 
together, and we find by the following tables 
of these quantities that this seems to be the 
case 


Snbstanoe 
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Product of 
latent heat 
and mol u 

Oooffl 
cieiit of 
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Com- 

pressi- 

bility 

Water HjO 

11 088 

000066 

4 61 

Benzene C,H, 

8 502 

00138 


Acetone C H,0 

8 120 

00172 


Chloroform oHCl, 

7 906 

OOUO 


Carbon tetiacbloride, CCl* 

7 904 

00140 


Ether (C,H,),0 

6 956 

0021 

10 8 

Carbon bisulphide CS, 

6,840 

•00146 

6 26 


A peculiarity of water is that it is denser at 
4®C under atmospheric pressure than at any 
other temperature under the same pressure , we 
may perhaps suppose that this is due to some- 
thing of the following kind We know that 
when water freezes it expands and crystallises 
m the hexagonal system , now we may suppose 
that, before the water solidifies, molecular aggre 
gations are formed which possess the same pro- 
perty as IB poBsessed by the ice crystals, viz 
that when the molecules are arranged in this 
way they occupy a greater volume than when 
arranged uniformly — the formation of these 
aggregations would tend to increase the volume 
and might be sufficient to more than counter- 
balance the diminution due to the nearer approach 
of those particles which do not form these aggre- 
gations 

Change op State from Solid to Liquid 

When the temperature of a solid is raised 
sufficiently high it begins to melt There are 
two kinds of melting , in the one, as in the case 
of 106, if the heat is applied slowly the tempera- 
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tore remains constant until all the substance 
has passed from the solid into the liquid 
state In this case there is a definite melting 
point In the other case, of which an example 
IS the melting of sealing wax, the substance 
first begins to soften, then as more heat is applied 
it gets softer and softer, its temperature, however, 
increasing until when a certain temperature is 
'•cached the substance is liquid, m this case 
there is no definite melting point, as the process 
18 spread over a considerable range of tempera 
ture This would seem to imply that the sub 
stances which melt in the second way are not 
perfectly homogeneous in structure, but contain 
molecular aggregations of various degrees of 
c«>mplexity, which get gradually spht up as the 
temperature rises , while those substances which 
melt like ice have a more umform constitution, 
so that any change of state takes place simul 
taneously through the molecules This would 
'obviously tend to make the transition more 
definite This view is in accordance with the 
fact that crystalline bodies, which are generally 
regarded as being more umform in structure 
-liau non crystallme, all melt in the same way 
as ice Sealing wax in the state of transi 
tion is what is called a viscous body , so that 
on this view a viscous substance is regarded as 
a mixture of molecules some of which are in the 
same state as they are when the substance is 
liquid, and some are in the same state as they 
uie when the substance is solid A dynamical 
illustration will enable us to see how such a 
body might behave like a rigid body under the 
action of rapidly changing forces, and like a 
fluid under constant or slowly \arymg forces 
Suppose we have a series of heavy spheres con 
nccted by strong springs placed upon a hon 
zontal table, and that one end of this row of 
spheres is fastened to a peg which cannot sustain 
a tension greater than t without breaking , 

1 hen if a steady pull, t, be exerted at the other 
« nd of the row of spheres the string will bieak, 
b it if the tension at the end, instead of being 
steady, be periodic, and if the period of vibration 
be greater than the natural period of vibration 
of the spheres and springs, then if the number 
of spheres be great enough the string will not 
bieak, though a tension enormously greater than 
T 18 acting at the other end This is quite a 
parallel case to that of the viscous fluid, the 
sprmgs and spheres correspond to those mole- 
cules which are fn the same condition as when 
the substance is solid, the string to those in the 
fluid condition 

The change of state from sohd to hquid 
seems to be always accompanied Sy a change in 
i 7 olume, and when this is so the melting point 
--^3 J Thomson proved — must be altered by ; 
the application of pressure Thomson showed 
that this followed from thermodynamical con- 
siderations , and that when the substance expanded 
en sohdification, like ice, the meltmg point was 
lowered by pressure, but when the substance con 
LActed on sohdification the melting point was 
raised by pressure The most important sub- 
stances which expand on solidification are water, 
bismuth, antimony, and cast iron , none of these 
crystalhses m the regular system, so that we may 
luppose that the molecules are arranged unsym- 
tnetncally, that while boaq are nearer together 


than when in the liquid state, others are further 
apart, producing on the whole an increase of 
volume 

The specific heat of a body in the solid 
condition is in general less than when it is in 
the liquid, except for those substances whose 
melting and boihng pomts are very far apart, 
when it seems to be about the same m the two 
states , if W6 know the specific heat of a sub- 
stance in both the fluid and the solid state at 
all temperatures, we can find the amount of 
heat necessary to convert umt mass of the sub- 
stance from the solid to the liquid state For 
Clausius has proved that if A. be the latent heat 
at the temperature Sj and the specific heats 
in the sohd and hquid states respectively at 
the same temperature, then 



A similar equation will apply to the change 
from the liquid to the gaseous state Some 
bodies, such as camphor and iodine, sublime, 
that 18 pass directly from the solid to the gaseous 
state, and as these bodies exhibit a definite 
vapour pressure — they must also pass directly 
from the gaseous into the solid states 

In the solid and liquid states the molecule is 
probably a very much more complex thing than 
the gaseous molecule, it is probably also not 
nearly so definite Maxwell, in the article 
‘ Atom ’ in the Encyclopccdia Britannica, shows 
how the hypothesis of groups of molecules of 
different degrees of stability would explain the 
residual effects of elasticity, and states that m 
his view a sohd consists of groups of molecules, 
some of which are m different circumstances 
from others J J T 

AQONIADIN CjoHj^Og A crystallme bitter 
substance occurring in Agoniada bark (from 
Plumena Zon^t/oZtn), which is used m Brazil as 
a remedy for intermittent fever Needles, very 
bitter, V si sol ether, v sol hot alcohol, and 
CS Nearly insoluble in cold, easily soluble in 
boiling water When boiled with sulphuric acid 
it yields a sugai (Peckolt, Ar Ph [2] 144, d4) 

H W 

ALACEEATINE % e 

NHj C(NH) NH CHMe CO Ha gtuinido propiOTVtc 
acid S 8 3 at 15° Formed by mixing cone 
solutions of alanine and cyanamide, adding a 
little NH„ and allowing the mixture to stand 
(Baumann, A 167, 83) Small prisms, v si 
sol cold alcohol At 180° it changes into its 
anhydride, alacreatmine Boiling baryta water 
forms alanine and urea, or its decomposition- 
products, CO 2 and NHj HgO oxidises it, forming 
guanidine 

Methyl alacreatine 

NH, C(NH) NMe CHMe CO,H From a methyl- 
amido propionic acid, cyanamide, and a little 
NHa (Lmdenberg, J pr [ 2 ] 12, 253) Mono- 
chnio pnsms, si sol cold water or alcohol 

ALACEEATININE C^H^NgO aq Formed by 
dehydration of alacreatine by the action of heat or 
dilute acids, crystallises from water in long pnsms, 
which give off aq in dry air or at 100° M sol 
alcohol, more soluble in water than alacreatine 
With zme chlonde it forms crystallme scales 
(C 4 H,N, 0 ),ZnCl 2 , S 4 35 at 20°, T. sL soh 
alcohol (Baumann, B 6, 1871). 
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AXAirarE C,H NO, t« CH, CH(NHJCO,H 
^-armdo propionic acta Mol w 89 S 2 2 at 
17° , S (cold alcohol of 80 p c ) 2 

Formation — 1 From ethylic a chloropro 
pionate and ammonia (Kolbe, A lid, 220 , i 
fitiecker A 75,29) -2 From o bromopropionic 
acid and alcoholic ammonia (Kekul6, A 130, 18) 

Preparation — An aqueous solution of 2 pts 
aldehyde ammonia is mixed with aqueous hydro 
cjanicacid containing 2 pts HC> , hydrochloric 
acidis added in excess, the mixture is evaporated 
to dryness over a water bath, the residue is 
digested with a mixture of alcohol and ether, 
•which leaves NH,C1 undissolved (Stieckei) 

Properties — Tufts of colouiless needles or 
oblique rhombic pri&ms, having a nacreous lusti e 
Sublimes at 200° "V si sol cold alcohol, insol 
ether The aquecwis solution has a sweet ta'jte, 
does atot affect vegetable colours and gives no 
precipitates with any of the ordinary lea^ents 
Alanine is isomeric with urethane, lactamide, 
and sarcosme , distinguished from the two foimcr 
fcy not melting below 100°, and from the last by 
its solubility in water and its behaviour to 
metallic oxides. 

Reactions — 1 Not altered by boiling with 
dilute acids or with alkalis — 2 b used with 
KOELf it gives off hydrogen and ammonia and 
tfornas cyanide and acetate of potassium — 3 
Besolved by boiling its aqueous solution with 
PbO ,,into aldehyde, carbon dioxide, ana ammonia , 
CaH^NO, + 0 = C,H,0 + COi + NH, - 4 Decom 
posed in aqueous solution by nitrous acidy with 
ovokrtion of nitrogen and formation of lactic 
acid H W 

ALANT CAMPHOR C,oH,^0 Occurs in 
•elecampane root, and is obtained together with 
eolid alantic anhydride by distilling with water 
Liquid smelling like peppermint, boiling at 200° 
Heated with it yields a hydrocaibon C,oHn 
which boils at 175°, and is convcited by oxidisa 
tion with chromic acid into terephthalic acid 
(Kallen) H W 

ALANTIC ACID C.sH A C»l°] —Obtained 
irom its anhydride {v sup ) Slender needles 
(from alcohol) Dissolves sparingly in cold, more 
readily m boiling water, very easily in alcohol 
The barium salt forms warty masses moderately 
Boluble m water The stiver salt AgCi^H ,03 
forms small scales having a silvery lustre (Fal- 
len, B 9, 15b) 

Alantic Anhydride [66°], (275°), 

crystallises from dilute alcohol in prismatic 
needles Easily sublimable Dissolves very 
sparingly in water, very easily in alcohol, ether, 
<&o — The chloride [140°] formed 

by passing HCl gas into a solution of alantic 
acid in absolute alcohol, crystallises in large 
rhombic tablets, melting, with evolution of HCl, 
at 140° It unites with bases, forming salts 
which readily decompose, with separation of 
metallic chlorides. By excess of caustic alkali it 
is converted into dialantic acid, (?) 

— The amide C,A,0 NHj [210°], obtained by 
passing ammonia gas mto an alcoholic solution 
of the anhydride, forms small crystals, melting, 
With decomposition at 210°, slightly soluble m 
alcohol, resolved by potash mto ammonia and 
alantic acid £L W 
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ALCAMINES V Alkamines, 

ALCOGEL A gelatinous oomponnd of clHoic 
acid with alcohol (2 v ) 

ALCOHOL C H„0 or EtOH {ethyl alcohol, 
aqua vitce) Mol w 46 (78 2°) at 762 7 mm 

(B Schiff), (78 3°) (Eegnault), (78 4°) at 760 
mm (Kopp, A 92, 0) , (78 5°) (Perkin) , (12 8°) 
at 20 9 mm , (21°) at 41 3 mm (Kahlbaum, B, 

16,2180) SG V 79307 (8), 79503 (P ) , 

78820 (P ) , 8000 (Bruhl) 8 V 62 18 (8 ) , 

62 7 (Ramsa}) V D 1 013 (for 1 591, Gay 
Lussac) S H 615 (Ivopp) , 059 (20° to 78°) 

(Reis) , 6019 (lG°-20°) , 00G7 (10°-35°) , 0120 
(10°-40 5°) (J H Schuller P Ergbd 6, 110, 
192) H F p 58,470 H F v 67,020 (Th iv 
229) Ujs 1 3607 Rqo 20 31 (B ) MM 2 78 (P ) 
Name — The term alcohol was used in the 
time of Libavius (1595) to denote a powder 
Spirit dried ovei povvdcicd potassic carbonate 
wa<5 called spiritusalcoh-^atus Kopp {GcschichUy 
iv 281) suggests that this term does not mean 
spirit that has been tieated with the powder, but 
that it lb a conuplion of spiiitus aleak satus, or 
spirit that has bi eii treated with alkali Alcoliscd 
or alcohohsed spirit vv as thr n shot tened to alcohol 
Occuric)icc—l In fei merited sacchaiine 
juices — 2 In putrid and even m health > 
tissues, such as ox biaiii (B6champ, C B 89, 
573) — 3 In crude coal tar benzene (about 2 
pai ts per million) (O N Witt, C C 1878,410) — 
4 In the fiuits and juices of some living plants 
(Gut/eit,A 177,311) — 5 In bread (Bolas, C N 
27, 271) —0 In crude wood spiiit (V Hcmilian, 
B 8, 601) -7 Together with acetone, in the 
uiine of diabetic patients (Markowmkoff, B 9, 
1411 1003) 

I Fojmatwn — 1 By the decomposition of 

glucose under the influence of ferments {v 
Fermi ntation) C,H,206 = 2 C^H ^0 + 2CO^ Levu- 
lobe, maltose, and inehtoae also give alcohol 
on fermentation — 2 From olefiant gas by dis 
solving It m cone H SO,, diluting and distilling 
(Hernel, P M 1820, 240 , Berthelot, A Oh [3] 
43, 385) C H, H,&0« - C H SO,H 

C H SO,H + H 0 = CHfiOH + HSO,H 
The absorption of ethylene is greatly facilitated 
by heating the H SO, to 100° or, better still, 
170° (Goiiainovv a Butlerovv, A 169, 147) — 3 
By reduction of acetic anhydride (Lmnemann, 
A 148, 249), acetvl chloride (Saytzeff, J pr 
[2] 3, 76), or aldehyde, by means of sodium- 
amalgam — 4 By heating ether at 170° with 
water slightly acidulated witi^ H^SO^ (Erlen- 
meyer a Tscheppe, Z [2] 4, 343) 

preparation —When aqueous solutions of 
grape sugar are fermented by yeast, 96 p c of 
the sugar splits up into alcohol and carbonic 
acid, but 4 p c goes to form succinic acid and 
glycerin, while 1 p c is used by the yeast as 
food Small quantities of n propyl, iso butyl, 
and the two iso amyl, alcohols, Me^CH CH^ CH^OH 
» and MeEtCH CHpH, are also formed The 
mixture of these four alcohols is known as fusel 
oil According to Rabuteau (C R 87, 500), 
potato spirit contains also iso propyl, n butyl, 
and secondary amyl alcohols 

The liquid to be fermented must contain 
nitrogenous matter and some morgamo salts to 
serve as food for the yeast , grape juice, or a 
mixture of water vmth germinating barley (malt), 
to whi^ a mash of ^tatoei may be add^ are 
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the Iv^TUils asnaHy employed Diastase, an 
unorganised ferment in malt, converts the starch 
cyf tlM ficAatoes into a sugar, maltose, which then 
undergoes alcoholic fermentation 

Whe* any of these alcoholic liquids are 
drstilied the first portions of the distillate are 
rich in alcohol *By repeated rectification 
‘ rectified spirit ’ containing 91 p c of alcohol 
may be got. Fusel oil may be removed by 
adding to the spirit about 7 of its weigh* of 
coarsely powdeied charcoal, leaving the mixture 
to stand for several days, and stirring repeatedly, 
then decantuig and distilling Animal or blood 
chaiscoal may also be used 

Absolute Alcohol — The last traces of water 
may he removed by repeated rectification over 
ireshly heated K2CO3, CaO, BaO, CubO„ or CaClj 
The beat way is to digest strong spirit with quick 
lime at 40° ior two hours, and then, on distil- 
ling, to reject the first and last portions 
<(Mendel4efi£, Z 18Gd, 260) If the spirit contain 
more than 0 pc of water a second tieatment 
with linae will be necessary (Erlenineyer, A 100, 
249) If dry baryta be used to complete the 
drymg, a« soon as the alcohol is absolute it will 
become y^low, dissolving a little BaO (Berthelot, 
J 1802, *92) 

Refei-eiices — C Bullock, Ph [3] 4, 891 , J 
Zu Smith, Ch , 5 120, Dittmar a Stewart, 
€ *3, 63 , Friedel a Crafts, A Ch [4] 9, 6 

Properties — A tiansparent, colourless, mo 
hile, liquid It has a chaiacteiistic odour and 
burning taste When undiluted it acts as an 
inflammatory poison It solidifies at —130 5° 
i(Wioblewsky a Olszewsky, M 4, 338) Veiy 
hygroscopic Miscible with water Burns with 
a pale flame Snow (1 pt ) mixed with alcohol 
12 pts) produces a fieezing mixture ( — 20°, Ln 
1, 237) 

Alcohol dissolves fata, oils, resins, alkaloids 
and most organic substances It dissolves CaClj 
and SrClj but not BaClj, Ca(N03)2 but not 
Sr(N03)2 and Ba(NO,)2 , LiCl but not KCl and 
It does not dissolve caibonates or 
sulphates It dissolves I, Bi, P, and S 

The critical point of alcohol is 234 6° at 
48,900 nam At this point 1 g occupies 3 5 c c 
(Ramsay a Young, Pr 38, 329) Alcohol vapour 
in contact with liquid acquires its normal 
density, 23, at 50° (R a Y ) 

When alcohol is mixed with water contrac- 
tion takes place and heat is evolved The 
maximum contraction occurs when 49 8 vols 
water and 53 9 vols alcohol at 0° produce 100 
vols of mixture instead of 103 7 vols This 
corresponds to a possible compound, EtOH 3aq 
(Mendelteff, Z 1866, 262) 

The greatest difference between the observed 
epecifio heats of solutions of alcohol and the 
values calculated on the assumption of mere 
mixture occurs in a solution containing about 
80 p 0 of alcohol by weight, corresponding to 
the formula EtOH 6aq The greatest difference 
between^ the observed and calculated boihng 
pqjnts and between observed and calculated 
capillanty also occurs in the same mixture, but 
the maximum deviation from calculated (or 
mean) compressibility is exhibited by a solution 
containing 40 p 0 of alcohol by weight (Dupr6 a 
Page, Pr 17, 838 , P M [4] 88, 168) The 
nttaximnni rate of transpiration through capillary 


tubes IS exhibited by the eolation EtOHSaq 
(Graham, A 123, 102) 

Detection of Water %n Alcohol — 1 OuSO^ 
ought not to turn blue (Cassoria) — 2 Benzene 
ought not to form a cloudiness, due to water 
drops (Gorgeu, C R 30, 691) — 8 Wet alcohol 
produces a pp of BaO when added to a solution 
of BaO in absolute alcohol (Berthelot, A Ch 
[3] 46, 180) — 4 If alcohol be added to a mixture 
of anthraquiDone ( 001 g ) with a little sodium 
limalgara, a green ooloiation indicates absence 
of water, otherwise a red colour is produce I 
(Claus, B 10, 927) 

The following table gives the percentages of 
absolute alcohol, determined by Tralles 


Volumes 

Weights 

Speoiflo 

Volumes 

Weights 

Speioiflo 

per 

per 

gr vvity 

per 

per 

gravity 

cent 

cent 

at 15 66° 

cent 

cent 

at 15 66® 

0 

0 

1 0000 

61 

43 47 

9316 

1 

0 80 

9976 

62 

44 42 

9295 

2 

1 00 

9961 

53 

45 36 

9275 

3 

2 40 

9947 

64 

46 32 

9254 

4 

3 20 

9933 

66 

47 29 

9234 

6 

4 00 

9919 

66 

48 26 

9213 

6 

4 81 

9906 

67 

49 23 

9192 

7 

6 62 

9893 

68 

60 21 

9170 

8 

641 

9881 

69 

6120 

9148 

9 

7 24 

9869 

60 

62 20 

9126 

10 

8 05 

9857 

61 

63 20 

9104 

11 

8 87 

9845 

62 

54 21 

9082 

12 

9 69 

9834 

63 

65 21 

9059 

13 

10 51 

9823 

64 

66 22 

9036 

14 

11 33 

9812 

66 

57 24 

9013 

15 

12 15 

9802 

66 

58 27 

8989 

16 

12 98 

9791 

67 

59 32 

8965 

17 

13 80 

9781 

68 

60 38 

8941 

18 

14 63 

9771 

69 

61 42 

8917 

19 

15 46 

9761 

70 

62 50 

8892 

20 

16 28 

9751 

71 

63 58 

8867 

21 

1711 

9741 

72 

64 66 

8842 

22 

17 95 

9731 

73 

65 74 

8817 

23 

18 78 

9720 

74 

66 83 

8791 

24 

19 62 

9710 

75 

67 93 

8766 

26 

20 46 

9700 

76 

69 05 

8739 

26 

21 30 

9689 

77 

70 18 

8712 

27 

22 14 

9679 

78 

7131 

8685 

28 

22 99 

96d8 

79 

72 45 

8658 

29 

23 84 

9657 

80 

73 59 

8631 

80 

24 69 

9646 

81 1 

74 74 

i 8603 

31 

25 55 

9634 

82 

76 91 

8575 

82 

26 41 

9622 

83 

77 09 

8647 

33 

27 27 

9b09 

84 

78 29 

8518 

84 

28 13 

9596 

85 

79 50 

8488 

86 

28 99 

9583 

86 

80 71 

8468 

86 

29 86 

9570 

87 

81 94 

8428 

37 

80 74 

9556 

88 

83 19 

8397 

88 

3162 

9541 

89 

84 46 

8366 

89 

32 50 

9526 

! 90 

85 76 

8332 

40 

33 39 

9510 

91 

87 09 

8299 

41 

34 28 

9494 

92 

88 37 

8266 

42 

35 18 

9478 

93 

89 71 

8230 

43 

36 08 

9461 

94 

91 07 

8194 

44 

36 99 

9444 

95 

92 46 

8157 

45 

87 90 

9427 

96 

93 89 

8118 

46 

38 82 

9409 

97 

95 34 

8077 

47 

39 75 

9391 

98 

96 84 

8034 

48 

40 66 

9373 

99 

98 39 

7988 

49 

41 59 

9364 

100 

100 00 

7989 

60 

42 52 

9335 
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The specific gravity of aqueous alcohol is 
given by Mendel^eff (P 138, 103,230) as follows 


Welarhtp 0 

I Specific Gravity, referred to Water at 4® 

Aloohol 

atO® 

at 10® 

at 20® 

at 80® 

0 

99988 

99975 

99831 

99579 

6 

99135 

99113 

98945 

98680 

10 

98493 

98409 

98195 

97892 

15 

97995 

97816 

97527 

97142 

20 

97566 

97263 

96877 

96413 

25 

97115 

96672 

96186 

95628 

30 

96540 

95998 

95403 

94761 

85 

95784 

95174 

94514 

93813 

40 

94039 

94255 

03511 

92787 

46 

93977 

91254 

92403 

91710 

60 

92940 

92182 

91400 

90577 

65 

91848 

01074 

90275 

80456 

60 

90742 

89044 

89120 

88104 

65 

89596 

88790 

87961 

87125 

70 

88420 

87613 

86781 

85026 

75 

87245 

86427 

85580 

84719 

80 

86035 

85215 

84366 

81483 

85 

84789 

1 83967 

81115 

82212 

90 

83482 

82665 

81801 

80918 

95 

82119 

81201 

80433 

79553 

100 

80625 

79788 

78945 

; 78096 


The following table is given by Fownes 
(Mantml, 3rd ed 591), the specific gravities 
being taken at 15 b° C 


Percent 
age by 
Weight 

Specific 

Gravity 

Percent 
age by 
Weight 

Specific 

Gravity 

Percent- 
age by 
Weight 

Specific 

Gravity 

06 

0 9091 

84 

0 9511 

68 

0 8769 

1 

0 9981 

35 

0 9490 

69 

0 8745 

2 

0 9965 

36 

0 0470 

70 

0 8721 

3 

0 9947 

37 

0 9452 

71 

0 8696 

4 

0 9930 

38 

0 9434 

72 

0 8672 

5 

0 9914 

39 

0 9416 

73 

0 8649 

6 

0 9898 

40 

0 9396 

74 

0 8625 

7 

0 9884 

41 

0 9376 

75 

0 8603 

8 

0 9869 

42 

0 9356 

76 

0 8581 

9 

0 0855 

43 

0 9335 

77 

0 8557 

10 

0 9841 

44 

0 9314 

78 

0 8533 

11 

0 9828 

45 

0 9292 

79 

0 8508 

12 

0 9816 

46 

0 9270 

80 

0 8483 

13 

0 9802 

47 

0 9249 

81 

0 8459 

14 

0 9789 

48 

0 9228 

82 

0 8434 

15 

0 9778 

49 

0 9206 

83 

0 8408 

16 

0 9766 

50 

0 9184 

84 

0 8382 

17 

0 9758 

61 

0 9160 

85 

0 8357 

18 

0 9741 

62 

0 9136 

8b 

0 8331 

19 

0 9728 

63 

0 9113 

87 

0 8305 

20 

0 9716 

64 

0 9090 

88 

0 8279 

21 

0 9704 

65 

0 9069 

89 

0 8254 

22 

0 9691 

66 

0 9047 

90 

0 8228 

28 

0 9678 

67 

0 9025 

91 

0 8199 

24 

0*9666 

68 

0 9001 

92 

0 8172 

25 

0 9652 

59 

0 8979 

93 

0 8146 

26 

0 9638 

60 

0 8956 

94 

0 8118 

27 

0 9623 

61 

0 8932 

96 

0 8089 

28 

0 9609 

62 

0 8908 

96 

0 8061 

29 

0 9593 

63 

0 8886 

97 

0 8081 

30 

0 9678 

64 

0 8863 

98 

0 8001 

81 

0 9660 

65 

0 8840 

99 

0 7969 

32 

0 9644 

66 

0 8816 

100 

0 7938 

83 

0 9528 

67 

0*8793 




Proof spirit was a term ongmally intended 
to denote spirit that was just strong enough to 
ignite gunpowder when burnt upon it, but it 
was defined by law m the reign of George III 
to be spirit ‘ such as shall at the temperature of 
51° F weigh exactly twelye thirteenth parts of 
an equal amount of distilled water ’ It has, 
therefore, 8 G 920 at 15 6° C , and contains 
4*) 24 pts alcohol to 50 7b pts water by weight, 
or 100 vols alcohol to 81 82 vols water 

AlcoJwlic Drinks —Beer contains from 2 to 
6 p c of alcohol , hock and claret from 8 to 10 
p c , port and sherry from 15 to 20 p c , gin^ 
rum, and whisky from 51 to 54 p c 

Detection — 1 The liquid supposed to con- 
tain alcohol IS repeatedly rectified, after dryj ig 
with K^COj The alcohol is recognised by its 
boiling point, and by converting it into ethyl 
iodide, and noting the boiling point of the iodide 
(72°) — 2 The suspected liquid is distilled and 
some of the distillate (8 c c ) mixed with wate 
(10 cc) and H SO, (5 cc), some KMiiO^Aq, 
and after five minutes a solution of magenta, 
bleached by bO , are added A red colour indi 
cates that aldehyde had been formed by the 
oxidation of the alcohol Acetone, formic acid 
and methyl alcohol do not show this reaction, so 
that it may be used to detect ethyl alcohol in 
wood spirit Other primary alcohols behivo 
more or less like ethyl alcohol (Iliohe a Bardy, 
C R 82, 7b8) — 3 \n aqueous solution of 
alcohol warmed with KOH and iodine deposits 
iodoform This ‘ iodoform reaction ’ is given 
also by aldehyde, acetone, n propyl, n butyl, see 
butyl, and octyl alcohols, by propionic and 
butyric aldehydes, by lactic, quinic, and meconio 
acids, by acetophenone, methylic butyrate, acetic 
ether, and oil of turpentine 

The ‘iodoform reaction’ is not given by 
methyl and amyl alcohols, by formic, acetic, 
butyric, valeric, oxalic, succinic, malic, tartaric, 
racemic citric, pyrotartaric, subeiic, sebacic, 
unc, mucic, isethionic, benzoic, salicylic, anisic, 
cinnamic, and picric acids, phenol, valeric aide 
hyde, benzoic aldehyde, glycol, gl} cerin, mannite, 
gly cocoll, leucine, ohloial, ethyl chloride, ethy 
lene chloride and bromide chloroform, tetra 
chloride of carbon, sulphide of carbon, toluene, 
and ether (Lieben, A Suppl 7, 226) Sugar 
and dextrin give a email amount of lodo 
form 

The formation of ethyl acetate and benzoate 
is also recommended as a testv'or alcohol 

Estimation — The liquid is distilled and the 
S G of the distillate taken 

Detection of Fusel Oil — 1 The liquid is 
diluted with water until it contains about 12 p o 
alcohol , it 18 then shaken with chloroform 
This extracts the amyl alcohol, whicho it 
leaves behmd on evaporation , by warming with 
KOAc and HjSO. this is converted into amyl 
acetate, smelling like pear drops — 2 The alco- 
hol is diluted until it forms a 60 p c solution 
100 c c are then shaken with 20 o o chloroform 
at 16° m a graduated cyhnder If the chloroform 
layer is 87 1 c c the alcohol is free from higher 
homologues, but if it occupy a larger volume, 
fusel oil IS present Thus 89 1 o o indicates 
1 p 0 amyl alcohol fBdse, B 19, B 184) - 8 
The height to whicn the alcohol will rise in 
capillary tubes of Imown diameter is observed. 
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Pure alcohol rises higher than alcohol adulte 
rated with fusel oil (J Traube, B 19, 892) 

Bsdctiong —1 Potassvum and sodium act 
upon alcohol, evolving hydrogen and forming 
LtOK and EtONa respectively — 2 Phosphorus 
tnchlortde forms EtCl, HCl, ethyl phosphite, 
and phosplioious aoiti (B^champ, C R 40, 944) 
GEtOH + 2PC1, - SEtCl + 8HCI + EtjPO, + H^PO, 
A smaller quantity of PCI, acts in the cold 
thus PCI3 + HOEt = PCl,(OEt) + HCl (Men- 
Bohutkin, A 139, 343) —3 PCl^ reacts thus 
EtOH + PCI5 = EtCU CIH + PCI3O 

4 P3S4 pioduces mercaptan 

6EtOH + PS -SEtSH + PA 

5 Alcohol coagulates albumen^ and, partly 
on this account and partly by arresting the 
development of low organisms, it prevents 
the putrefaction of dead animal matter — 

6 Vapour of alcohol passed through a red hot 
tube produces CO^, water, hydrogen, CH^, C H„ 
naphthalene, and chaicoal If the tube be filled 
with pumice, benzene, phenol, and perhaps 
also aldehyde and acetic acid aie also foimcd 
(Berthelot, A Ch [3] 33,296, A 81,108) -7 
Ziuc dust at 300°-350° forms ethjlene and hy 
drogen C^^HyO + Zn ZnO -e C^H, + H Alcohol 
\apour passed over zinc dust at a dui' red heat 
foims CO, CH„ and (Jahn, M 1, 378) -8 
Alcohol scaicely conducts an elicbic current, 
but when acidulated with 6 p c H SO, the 
cuiient passes, hydrogen comes off at one pole 
and, at the other, aldehyde, ethyl formate siil 
phate and acetate, togethei with small quantities 
of acetal, and CH, CH(OH)(OEt) are foimed 
(Renaid, A Ch [5] 17, 295) Alcohol con 
taming a little potash produces hydrogen at the i 
negative pole and aldehyde resin at the positive 1 
pole (Connell) — 9 Alcohol burns with a pale * 
flame forming CO and H 0 Alcohol vapour | 
undergoes rapid but incomplete, combustion 
when mixed with air and exposed to finely 
divided plaununi , acetic acid, aldehyde, formic 
acid, acetal, and acetic ether are formed Hence 
a coil of red hot platinum wire will keep red hot 
if placed round the wick of a spirit lamp that is 1 
not burning (glow lamp of Sir H Davy) — 10 | 
Finely divided rhodium, vndium, and ruthenium, 
in presence of an alkali, decompose alcohol, with 
elimination of H and formation of an acetate , 
(Deville a Debray, C R 78, 1782) — 11 Oxygen \ 
does not attack cold pure alcohol, but ozone 
forms acetic and formic acids (Boillot, C R 
70, 1132) — 12 Chromic acid mixture oxidises 
alcohol to aldehyde and acetic acid — 13 An 
ammontacal solution of CuO at 180° attacks 
alcohol, foiming acetic acid and Cu^O (A Le 
telUer, C R 89, 1106) — 14 KMnO, in acid, but 
not in alkaline, solution forms aldehyde and 
acetic acid (Chapman a Smith, C J 20, 301) 
16 Strong nitric acid acts violently, giving 
off copious red fumes containing nitrous ethei, 
nitric oxide, COj, aldehyde, acetic and formic 
acids If the action be moderated by making 
three layers of fuming HNO„ water, and alcohol, 
Rn<i allowing them to mix slowly by diffusion, 
the following bodies are formed aldehyde, 
acetic acid, glyoxal, glyoxylic acid, glycollic acid, 
and oxalic acid (Debus) — 16 In presence of 
urea, mine acid converts alcohol into ethyl 
nitrate (q v ) — 17 In presence of mercunc ni- 
trate, nitric acid acts upon, alcohol with produce 
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tion of fulminate of mercury [g v ) , in a similar 
way fulminate of silver may be made 

If mercury (1 pt ) be dissolved in HNO, 
(12 pts ) (S G 13) and the liquid left for soma 
days till no more nitrous fumes appear and the 
liquid IS colourless, and then alcohol (12 pts of 
8 G 8) be added and the mixture be warmed, a 
pp is produced which is not mercunc fulminate 
It may be ciystallised from diluted (4 vols ) 
HNO3 (1 vol) It is CjH.Hg30,(N0,) At 
120°-130° it explodes It is insoluble in 
watei, alcohol, and ether Potash con 
verts it into C H^Hg,0 (OH) , while cold K^C^O, 
slowly converts it into theoxalate.C H Hg^O^C^O^, 
a body which is browned by sunlight A mix 
ture of HNO3 and alcohol conveits it into 
meicuiic fulminate (Cowper, C J 39, 242, v 
I Gerhardt, A 80, 101) — 18 Chlorine is rapidly 
I absorbed by alcohol, and in sunlight the liquid 
' may even take faie The ultimate product is 
chloral alcoholate, CClj CH(OEt)(OH), but this 
I 13 probably the result of a long series of reactions 
[ (v Chloral) Besides chloial, there are formed 
' HCl, aldehyde, acetal, acetic acid, EtCl and 
' other chlorinated bodies — 19 Btomine forma 
HBr, water, EtBi,bromal and bromal alcoholate 
' (E Hardy, C R 79, 806) — 20 Dry chloivne 
I passed into alcohol mixed with K^Cr^O, gives 
aldehyde, EtCl, acetyl chloride, and EtOAc 
I (Godefioy, Bl [2] 40, 168) -21 When alcohol 
I 18 distilled with much water and bleaching 
pcnodei, chloroform {q v ) is formed When 
I bleaching powder (300 grms ) is mixed with 
' absolute alcohol (67 grms ) in 10 minutes the 
mixture gets hot and alcohol distils over to 
gether with a green oil, which explodes when 
exposed to sunlight or heated, and among the 
pioducts of the explosion are mono and di 
chloro acetal (Schmitt a Goldbeig, J pr [2] 
19, 393), aldehyde, and small quantities of 
chloiofoim (Goldberg, J pi [2] 24, 97) — 22 
Hydt ic chloride produces ethyl chloride 
EtOH + HCl = EtCl + H,0 
But when excess of alcohol is used and the sola 
tion heated in a sealed tube at 240°, ether is 
also foimed EtOH + ClEt = Et O -r HCl (Rey- 
noso, A Ch [3] 48, 385) — 23 Sulphui le 
acid mixes with alcohol with evolution of heat 
and foimation of hydiogen ethyl sulphate 
EtOH + H,SO, - EtHSO, + H 0 
About half the alcohol and H^SO^ take part in 
the reaction , when more dilute acid is used 
hydrogen ethyl sulphate is not formed until 
heat 18 applied If a mixtuie of alcohol with 
an equal volume (or less) of HjSO^ be heated, 
a fuither reaction sets in at 120°-150°, ether 
and water distilling over , this is due to action 
of alcohol upon hydrogen ethyl sulphate 
(Williamson, C J 4, 106, 229 , v Ether) 
HEtSO* + EtOH = H,804 + EtOEt 
When alcohol is heated with twice its volumtt 
(or more) of HjSO^ the mixture begins to 
blacken between 160°-180°, and then gives off 
ethylene, mixed with 80^, acetic acid, acetic 
ether, CO„ CO, ethyl sulphate, and formic acid. 
The mam reaction is expressed by the equatioh 
CjHeO = CjH, + H 0 (compare Erlenmeyer, A 
162, 373) —24 Anhydrous sulphuric acid, 80^ 
dissolves in alcohol forming di-ethyl sulphate, 
EtiSO, Vapour of SO, passed into dry 
alcohol forms crystals of sthumic anhydrtaa, 

H 
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C,H4<^gQp>0, or ‘oarbyl sulphate,’ together 

with ethioaio, Isethionic, and Bulphuric acids, 
and HEtSO^ — 26 Heated with sulphurcnis acid 
at 200° It forms HEtSO,, ether, H,SO„ mer 
captan, and S (Pagliani, J 187H, 618) — 26 
CISO.H forms EtHSO^ and other bodies 
(Baumstark, A 140, 75) —27 When alcohol is 
diopped upon hot ztitc chloride t)ie gi eater part 
is decomposed in accordance with the equation 
2C^bO = CjH.O + + H O 

Hydrogen, ethane, HCl, and polymendes of aide 
hyde are also formed (W H Gieene, C R 8b, 
1140) When wet alcohol is heated with ZnCl^ 
at 166°, ether is formed, as well as EtCl, basic 
ziiio chloride being left — 28 Phosphoric acid 
mixed with alcohol forms some di hydrogen 
ethyl phosphate, EtH^PO^ Alcohol heated 
with PA forms HEt,P04 and Et^PO, (Carius, 
A 137, 121) —29 Alcohol heated with BA 
forms EtBO, and Et^BOg — 30 Phosphoi'us 
inlpho-chlondey PSC1„ forms di hydiogen ethyl 
thio phosphate (Chevner, Z [2j 5, 413) 

PSCl, + 3HOEt » PS(OH),(OEt) - 2EtCl + HCl 
31 Chloride of sulphur , S^Cl^, acts upon 
alcohol forming ethyl chloride, ethyl sulphite, 
and a small quality of mercaptan (Canus, A 
106, 316) —32 Chloride of antimony dissolves 
in ^cohol , if tne solution be heated to 150° 
the following reaction ensues (H Schiff, A 
Suppl 6, 218) 

SbCl, + 4EtOH - SbOCl + 2EtCl + Et,0 + 2H,0 
33 Heated with carbon tetrahromide at 100° 
for 12 hours, bromoform is produced (Bolas a 
Groves, 0 J [2] 9, 784) CBr4 + CAO = 
CHBr, + C AO + SBr Alcohol here acts as a 
reducing agent, as it does also in the next 
leaction — 84 Heated with a dt aso salt, nitrogen 
18 evolved and the entire di azo group displaced 
by hydrogen 

C A N^Cl + CAeO = C ah + N, + HCl + C A4O 
In some cases the di azo group is displaced by 
elhoxyl — 85 Heated with ammoniacal einc 
chloride at 260°, alcohol is converted into a 
mixture of mono , di , and tn ethylamine , the 
yield of mixed bases amounts to 45 p c of the 
alcohol used (Merz a G«,siorowski, B 17, 637) — 
86 Zinc acetate heated with excess of alcohol at 
100° is converted, m about 30 hours, into zinc 
ethyl acetate and zinc oxide (Kraut, A 156, 323) 
37 When stannic chloride is distilled with 
alcohol, ether and EtCl pass over at 140°-170°, 
afterwards a compound of EtCl with SnCl^ (Kuhl 
mann, A 33, 106, 192) -88 Crystallised stan- 
nous chloride distilled with alcohol yields ether, 
but no EtCl (Marchand) , the same decomposi 
tion takes place m a sealed tube at 240° 
Ciystallised chloride of manganese, and ferrous 
chloride also ethenfy alcohol completely at 240° , 
tlie chlorides of cadmium, nickel, and cobalt 
partially (Reynoso, A Ch [2] 4b, 385) — 39 
J^lattmc chloride (1 pt ) dissolved in alcohol 
(10 pts ) of 8 G 82 and distilled to yields 
aldehyde, ethyl chlonde,HCl, and the solution con 
lams the so called inflammable chlonde of plati- 
num C5jH4PtCL^ which IS left as a sticky mass when 
the liquid is evaporated (Zeise, P 9, 632 , 21, 
498 , 40, 249) — 40 Platinous chloride boiled 
with alcohol forms a black explosive powder 
called detonating plahnum deposit, CjtH4PtO(?) 
(Zeise, loo, cit ) -^1 Mercuric chloride is slowly 


reduced to calomel by alcohol — 42 Alcoliol 
heated with soda-hme, air being excluded, is 
converted into sodic acetate, with evolution of 
hydrogen , at a higher temperature the sodio 
acetate breaks up into sodic carbonate and 
marsh gas — 43 Chlonde of cyanoqm is readily 
absorbed by alcohol but does not decompose it 
immediately After *b few days, or more quickly 
at 60°, NH4CI separates, and the liquid then 
contains ethyl chlonde, ethyl carbamate (or 
urethane), and ethyl carbonate (Wurtz, A 79, 
280) 

Combinations — Alcohol combines with many 
salts, acting like water of crystallisation — 
bbCljEtOH [67°] needles (from alcohol) , re- 
solved by heat into HCl, EtCl, SbjOg, and SbCl, 
Soluble in ether and chloroform, but decompose 1 
by water (W C Williams, C J 80, 463) — 
AsClgEtOH (148°) liquid , fumes m the air , 
decomposed by water (Luynes, A 116, 368) — 
CaCl 4EtOH got by cooling an alcohoho solu- 
tion of CaCl, with ice —CaCl, SEtOH got by 
evaporation of such solution over H^SO^ (Heindl, 
M 2 207) — LiC14EtOH (Simon, J pr [2] 

20, 376) — MgCl,6EtOH (S ) ~Mg(NO,)26EtOH 
(Chodnew, A 71, 256) a crystalline mass 
deposited from boiling solution — PtOl42EtOH 
(bchutzenberger, J 1870, 388) — 8nCl42EtOH 
crystals formed by evaporation over H^SO, 
(Lewy, C R 21, 371 , Robiquet, J Ph [3] 26, 
161) , heated with acids, this compound readily 
forms ethyl salts — TiCl4EtOH [105°-110°] crys- 
tals , decomposed by water (Demarqay, B 8, 75) 
Alcoholates or Ethylates are formed 
by displacing the typical hydrogen by metals. 
They are decomposed by water 

MOEt H,0 = HOEt + MOH 
Aluminium ethylate Al(OEt)j [180 j 
S G * 1 147 Aluminium does not attack alcohol, 
but if iodine be present and the liquid be 
warmed, hydrogen is evolved and aluminium 
ethylate is formed (Gladstone a Tribe, Pr 30, 
646) 2Al + 6HOEt = Al (OEt)« + 3A The re- 
action probably takes place in three stages 
3HOEt + Al,Ie = AI,I,(OLt), + SHI 
Al,(OEt),I, + 3HOEt = Al,(OEt)4 + SHI 
A1, + 6HI = A1,I, + 3A 

Aluminium (4 g ), iodine (2g ), and alcohol (40 c 0 ), 
are heated in a flask with inverted condenser , 
when no more H comes off, the contents aio 
distilled vn vacuo at 300° (Good yield (12 g ) 
G a T , C */■ 39, 2) When aluminium ethylate 
has been fused it remains liquid for a long lime 
even at 70° It is decompose^i by water thus 
Al,(OEt)4 + 6H,0 - Al2(OH)4 + 6HOEt 
When distilled under atmospheric pressure it 
decomposes Al,(OEt), *= AIA + 3C A + SHOEt, 
(G a T , 0 J 41, 6) 

Barium ethylate Ba (OEt)2Aq (Berthelot, 
A Ch [3] 46, 180), Ba(OEt);Ba(OH)a (Destfem, 
A Ch [6] 27, S,22,C R 90, 1213) A granular 
pp formed by boihng an alcohoho solution of 
BaO, or by heatmg alcohol with BaO in a 
digester at 160° A white powder, turned yellow 
by oxidation Converted by CO^ mto banc 
ethyl carbonate Destructive distillation gtveg 
0^4, methane, H, and BaCO, 

Calcium ethylate Ca(OEt)a resembles the 

barium compound 

Ferric ethylate *Fe3(OEt), (?) — When the 
proper quantity of sodic ethylate is added to an 
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alcoholic solntion of Fe^Cl^, all the ohlonne is 
ppcl as* NaOl, and the filtrate leaves, after 
evapomtion, a black pasty mass, sol alcohol, 
MeOH, ether, benzene, chloroform, or benzoline 
(Giimaux, C R 98, 105) A solution of feme 
cihylate poured into water produces a solution 
of colloidal feme hydroxide 

Potassium ethylatfi KOEt — Similar m 
character to sodic ethylate 

Sodio ethylate NaOEt — When sodium is 
dissolved in dry alcohol, H is evolved, and 
ultimately crystalline lammue of NaOEt 2HOEt 
separate If the solution be evaporated in vacuo 
at 20° needles of NaOEt dHOEt are got (For 
Cl and, Rl 40, 177) The alcohol of crystalhsa 
tion may be driven off at 180° 

Reactions — 1 When mixed with water and 
distilled, alcohol passes over and NaOH is left — 

2 Converted by EtI into ether (Williamson) — 

3 Forms ether when it acts on EtNOj but it 
acts like Na upon "thers of organic acids , thus 
it converts formic ether into CO and alcohol, 
oxalic ether into CO and carbonic ether, carbonic 
ether into NaCO,Et and Et^O, benzoic ether 
into NaOBz and Et 0, aeeti<f ether into sodium 
aceto acetic ether (Geuther) — 4 CO combines 
with NaOEt at 100 forming sodic propionate 
Carbonic oxide passed over a mixture of NaOEt 
and NaOAc at 205° produce n butyric acid, di 
ethyl acetic acid, mesitylenic acid, an acid 
C|„H,jO^ (250° 200°), and two ketones CgH,„0 
and C„H ,0 (Geuther, A 202, dOo) -6 PCI, 
gives NaCl, PO(OEt)j and EtCl — 6 With chloro 
form it forms ortho formic ether, CH(OEt), 
(Williamson a Kay, C J 22 i) — 7 Chlonne 
forms aldehyde and acetic acid (Maly, Z [2] o, 
^4o) —8 Bromine forms bromal, LtBr, and 
acetic ether (Barth, B 9, 1450) - 9 Chloro 
act tic acid forms sodium ethyl glycolate (Hcintz 
P 109, 301) —10 Iodine forms Nal sodic for 
mate, and iodoform — 11 Iodoform is reduced 
by NaOEt to methylene iodide — 12 Niti obenzene 
IS reduced to azoxybenzene, azobenzene and 
amhne (B6champ a Saint Pierre, C R 47, 24) 

Thallium ethylate *T10Et SG 3 5 to 
8 685 —Formed by heating EtOH with thallium 
at 100° (Church), or by exposing thallium to the 
vapour of alcohol in a bell jar full of oxygen 
(Lamy, A Ch [4] 3, 373) It may be solidified 
by great cold It dissolves m dry alcohol or 
ether, but addition of a trace of water causes j 
aeparat on of thallous hydrate TlOEt is slowly I 
decomposed by CHCl, with separation of TlCl I 
ALCOHOLS —The term alcohol, originally 


and poly hydrjo, according to the numbet* ot 
hydroxyl groups which they contain 

An alcohol is saturated or unsaturated 
according to the nature of the hydrocarbon 
from which it is derived Thus, all the three 
alcohols derived from propane C,Hg, which is a 
saturated hydrocarbon, are themselves saturated 
molecules not capable of forming addition 
compounds, but from the unsaturated hydro 
carbon CuH^ is derived the unsaturated compound 
allyl alcohol, CgH^O or CgH (OH), which is 
capable of taking up 2 at bromine and forming 
the compound CgH^Br^O 

The replacement, partial or total, of the 
hydroxyl in an alcohol by Cl, Br, I, or F, gives 
rise to haloid ethers , thus 

From C8 Hj(OH) are derived CjH^Cl, C,H,Br, 

SuC 

From C8H„(0H)2 are derived CjHjC^OH), 
C«II Ci„ &c 

hiom C,H,(OH)s are derived CjH,Cl(OH)„ 
CgH Cl (OH), CjH^Cl,, efee These substitutions 
aie effected by treating the alcohols with the 
chlorides, bromides, and iodides of hydrogen and 
phosphorus, as in the formation of ethyl chloride 
from ethyl alcohol 

C H OH + HCl - H(OH) + C H,C1 
3C H,(OH) + PCI3 = P(0H)3 4- 8C H^Cl 
SC H^lOH) -r POCl, = P0(0H)8 SC^H Cl 
Instead of the bromides and iodides of phos 
phorus, a mixture of phosphorus and bromine or 
iodine, in the propoitions required to form them, 
are often used in these processes — The haloid 
ethers are also foiaied in many instances by 
diiect substitution of chlorine &o for hydrogen 
m hydrocaibons 

The treatment of the alkyl chlorides, bro 
mides, or iodides with aqueous caustic alkalis 
gives rise to a substitution opposite to that 
shown in the above equations, reconverting the 
ethers into alcohols , e g C^H^Cl 4 KOH - 
KCl + C^H (OH) A consideiable portion of the 
alcohol thus foimed is, however, converted by 
dehydiation into the corresponding olefin eg 
CjH„0 - H O = CjHfl A better yield of alcohol 
18 obtained by heating the haloid ether with 
moist silver oxide, which acts like a hydroxide 
AgOH , and a still better method is to conveit 
the alcoholic chloride, &c mto an acetate by 
heating it with silver acetate or potassium ace 
tate, and to boil the resultmg alkyl acetate 
with caustic potash or soda , 

C,H Cl - KO2H3O2 = KCl + C2H3 OjHhO, 

C H C ;H,02 4- KOH »= KC AO2 + C^H.OH 


limited to one substance, viz spirit of wine, is 
now applied to a large number of compounds, 
many of which, m their external characteis, 
exhibit but little resemblance to common alcohol 


All alcohols are compounds of carbon, hydrogen, 
anti oxygen, and are denv^d from hydrocarbons 
containing even numbers of hydrogen atoms by 
substitution of one 01 more hydroxyl groups, 
OH, for an equal number of hydrogen atoms 
thus from propane C,Hg or CH^ CH^ CH„ are 
derived the three following alcohols — 

Propyl alcohol CsH^O « C3H,(OH) 


Propylene alcohol C^H^Oa - C3H„(OH)2 
- C.HaOH). 

Alcohols are classed as monohydrio, di< 
hydrio, trihydrio, dio , or generally as mono 


This reaction is of great importance m the pre- 
paration of some of the higher alcohols 

The replacement of the hydroxyl m an aloo 
hoi by the corresponding radicles, methoxyl 
OCHj^ ethoxyl OCjHj, &c — or of the hydrogen 
m the OH by Me, Et, &o , gives rise to simple or 
mixed alkyl oxides or ethers thus EtOlI 
yields EtOK, EtOMe, and EtOEt , and ethylene 
alcohol C2H4^H)2 yields 0^<(OH)(OEt) and 
C2H,(OEt)2 These substitutions may be effected 
m vanouB ways, the simplest bemg to replace a 
H atom m the alcohol by E or Ka, and act on 
the resulting compound with a haloid ether, 
2C2H,(0H)2 + Na, - 202H,{0H)(0Na) + H, , 
C3 (OH)(ONa) 4-EtI = NaI ♦ C2H4(OH)(OEt) 
These oxides may be looked apon as anhydrides 
formed by «»Ummation of one molecule of water 

as 
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from two molecules of the same or different 
alcohols 

In the polyhydnc alcohols where the two 
hydroxyls occur in the same molecule, the elimi 
nation of water gives ri^^e to another class of 
oxides , thus from ethylene alcohol C^4{OH)^ is 
derived ethylene oxide 

The replacement of the hydrogen m an 
alcohol by acid radicles produces alkyl salts 
talso called compound ethers or esters) thus 
liom methyl alcohol, MeOH, are derived a nitrate 
hfeONO^, an acetate MeOAc, an acid sulphate 
MeOSOjH and a normal sulphate (MeO)^SO^ 
These alkyl salts may also be denved from the 
correspondmg acids by substitution of alkyl 
radicles for hydrogen, being indeed related to 
the alcohols in the same mannei as metallic 
salts to metallic hydroxides They may also 
be looked upon as anhydrides formed by elimi 
nation of a molecule of water between one 
molecule of an alcohol and one molecule of an 
eoid By distillation with alkalis they are re 
Bolved into acid and alcohol , e g 

EtOAc + KOH = KOAc + EtOH 

Monohtdbic Alcohols 
1 Senes C„H2„,.20 or Of this 

senes the following members are at present 
known, each being derived from the correspond 
ing parafldn by substitution of OH forH 

thus 


Methyl Alcohol • 


CH, OH 

Ethyl „ . . . 


CH, OH 

Propyl „ . 


C3H, OH 

Butyl „ . 


C,H, OH 

Amyl t» • • 


C,H„ OH 

Hexyl „ . . . 


CeH„ OH 

Heptyl „ 

. 

C,H„ OH 

Octyl „ 

• 

C„H„ OH 

Ennyl or Nonyl Alcohol • 

• 

C„H,„ OH 

Decyl Alcohol • 

« 

C,oH„ OH 

Hendecyl „ , , 


C,.H^ OH 

Dodecyl „ , 


CjjEL^s OH 

Tetradecyl „ 


ChH^ oh 

Hexadecyl or Cetyl Alcohol 

, 

C„H„ OH 

Ootadecyl Alcohol 


C„H„ OH 

Ceryl Alcohol 


C^H„OH 

Mehssyl or Myncyl Alcohol 


C30H,. OH 

The first and second of these alcohols 


not admit of isomenc modifications , for sup 
posing, as 18 most probable, that all the hydrogen 
atoms in the parafiins methane CH^ and ethane 
CH, CH, have the same value and are attached 
to their respective carbon-atoms in the same 
way, the result of the substitution of OH for H 
in them must be the same, whichever of the 
hydrogen atoms is thus replaced But in all the 
higher terms of the senes the case is different 
Thus m propane, CH, CH^ CH„ the substitution 
may take place either m one of the extenor 
groups CH„ or in the middle group giving 
nse to two alcohols of different structure, ^stm- 
guished as primary and secondary, viz 
OH^CH^CH.OH CH, CHOH CH, 
Primary Secondary 

In the primary alcohols the carbon atom 
Joined to the hydroxyl is connected immediately 
with only one other carbon atom, that namely 
in the group CH, , but in the secondaiy alcohol 
it IS luiked to two other carbon atoms, and 


these are the only forms of a 8 carbon alcohd! 
of the series 

The 4 -carbon alcohol of the senes admits of 
a greater number of modifications For in the 
first place, the hydrocarbon, butane, CaH„, from 
which it is derived, is itself susceptible of two 
forms, VIZ , Normal butane CH, CH^ CH^CH, 
and Isobutane CH, CH(CH,)2 , and further the 
first of those hydrocarbons is capable of yielding 
one primary and one secondary alcohol — these 
terms having the meanings above explained — 
while the second yields another primary alcohol, 
and likewise a tertiary alcohol, in which 
the C atom joined to the hydioxyl is linked 
also to three other atoms of carbon These 
four derivatives are represented by the following 
formulae — • 

Normal Primary CH, CH, CHyCH,OH. 
Isopnmary (CH,);CH CH^H 
Secondary CH, CH(OH) CH2(CH,) 

Tertiary (CH,) C(OH) CH, 

The higher alcohols of the series admit of 
a still larger number of isomeric modifications , 
but all these alcohols must be either primary, 
secondary, or tertiary , for the C atom joined to 
the OH cannot be joined to a number of other 
carbon atoms greater than three In other 
words the replacement of an H atom by the 
group OH must take place, either m a methyl 
residue CH„ a methylene residue CH , or a 
methenyl residue CH, producing respectively a 
primary, secondary, or tertiary, alcohol 

A very convenient nomenclature for these 
isomeric alcohols has been introduced by Kolba 
{A 182,102) Methyl alcohol 18 called carb in oi 
and the higher alcohols named as its substitution 
products, thus 

Carbmol or Methyl Alcohol CH^OH 
Methyl carbmol or Ethyl Alcohol MeCH OH. 
Ethyl carbmol or Propyl Alcohol EtCH^OH 
Dimethyl carbmol or Isopropyl Alcohol 

Me, CHOH 

Propyl carbmol or Butyl Alcohol PrCH OH 
Isopiopyl carbmol or Isobutyl Alcohol PrCH^OH. 
Meth}l ethyl carbmol or Secondary Butyl 

Alcohol MeEtCHOH 

Trimethyl carbmol or Tertiary Butyl Alcohol 

Me,COH 

Pnmary, secondary, and tertiary alcohols are 
distinguished from one another by their pro 
ducts of oxidation The primary alcoholo 
of the senes C„H^^,0, containing the group 
CH^OH, are converted by oxidation with chromic 
acid mixture, first into th\} corresponding 
aldehydes, by removal of H,, or conversion of 
CH,OH into CHO, and then by further oxidation 
into fatty acids C^H^^Oj , thus 
CH, CH^ CH,OH + 0 - H3O + CH, CH^ CHO 

Propyl Alcohol Propionic Aldeb} de 

CH, CH^ CH,OH -f- 0, » H3O + CH, CH^ COOfi 
Propionic acid 

A secondary alcohol on the other hand 
which contains two alcohol radicles united by 
CHOH, 18 converted, by removal of Hj from this 
group, into aketone, 1.S a compound consisting 
of two alcohol radicles umted by the group CO, 
thus 

CH, CHOH CH, -I- 0 - H,0 + CH, CO CH, 

Secondary Propyl Dimethyl ELetone 

Alcohol 

Converiely the aldehydes treated with nascent 
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bvdrogen (action of sodium amalgam) are con 
7erted inio primary alcohols^ and the ketones 
into secondary alcohols 

Tertiary alcohols do not yield by oxida 
tion either aldehydes or ketones, or acids con 
taming the same number* of carbon atoms as 
themselves, but are split up into bodies contain 
ing smaller numbers of carbon atoms — tertiary 
butyl alcohol for example mto formic and pro- 
pionic acids 

(CH ,),COH + 0^ - CH^Oj 4 CgH A + H O 
The three classes of alcohols may also be 
distinguished by the following test — A quantity 
of dry silver nitrite, mixed with an equal weight 
•f dry sand, is introduced mto a small distilla 
tion flask htted with a side tube , the iodide of 
the alcohol under examination is then added , 
the mixture, after the reaction has begun, is 
distilled , and the distillate, received in a test 
'tube, is shaken up with potassium nitrite 
and potash ley, and then acidulated with dilute 
sulphuric acid If no coloration of the mass 
ensues, the alcohol radicle present is a tertiary, 
whereas a red coloration mdicateh the presence 
of a primary, and a blue coloration that of a 
secondary, radicle The reaction may be re 
cognised with great distinctness with the use 
of not more than 0 3 to 0 6 grm of the alcoholic 
iodide (Meyer a Locher, B 7, 1510) Secondary 
hexyl iodide does not give this test 

2 Senes C„H^O The most important mem 
her of this series is allyl alcohol C^„0, which 
18 a primary alcohol, convertible by oxidation 
into acrylic aldehyde C,H)0» aud acrylic acid 
CjHjOj They are unsaturated compounds 
capable of taking up 2 at bromine, and forming 
the compounds C„H 2 nBr^O 

3 Senes This senes includes pro 

pargyl alcohol, di allyl carbmol, and the higher 
homologues of the latter 

4 Senes These alcohols are 

derived from the aromatic hydrocarbons, 

m the same manner as the fatty 
alcohols from the paraflSns The 

lowest member, viz ,phenol C„H„0 or CaH 5 (OH), 
which may be formed from benzene, CgH„, by 
oxidation with H^Oj or with nascent ozone 
(Leeds, B 14, 96), is the only alcohol of the 
senes containing 6 at carbon The higher 
terms admit of isomeric modifications for all 
the homologues of benzene may be regarded as 
derived from benzene by substitution of one or 
more of its hydrogen atoms by alcohol radicles 
and the formation of an alcohol from 
such a hydrocarbon by substitution of OH for H 
may take place either in the benzene nucleus or 
in one of the substituting alcohol radicles thus 
fr«m toluene C^Hb CH, may be obtained the two 
alcohols, CgH, CH^OH (benzyl alcohol) and 
CgH^(OH) CH, (oresol), and the higher hydrocar- 
bons of the series are capable of yielding a still 
greater number of metamenc alcohols The 
properties of the compounds thus formed difter 
cflnsiderably, according as the hydroxyl is 
introduced into the benzene nucleus, or into one 
of the associated alkyls The compounds formed 
in the latter case — benzvl alcohol for example 
— are true alcohols analogous in all their reac 
tiQus to those of the fatty senes , but those m 
which the OH replaces a hydrogen atom in the 
benzene nucleus (phenols) exhibit very different 


piopdtie-i the hydioxyl being much less easily 
displaced by other radicles (Cl, Br, (fee ), v 
Phenols) 

6 Senes C^H^^.gO To this senes belong 
cinnamyl alcohol CgHijO, oholesterm 
C^H^^O, and allyl phenol C,H„0 

Dihydbio Alcohols 
These alcohols are derived from hydrocar- 
bons by substitution of two HO groups for two 
H atoms, and may therefore be regaided as com- 
pounds of divalent alkyls with hydroxyl Two 
senes of them are known, viz , glycols derived 
from the fatty hydrocarbons, and dihydrio 
phenols from the aromatic hydrocarbons 

H W 

The lower glycols are desc'ribed as Glycol, 
Pbopilene glycol, and in Methylene glycol, 
but the higher members as di Oxy butane, pen- 
tane, &c Unsaturated glycols are described as 
di Oxy butinene, hexinene, and -heptinene 
The chief di hjdric phenols are Pyro gatechin, 
llrsoRciv, and Hydboquinone Ln Oxy naptha- 
LENE and dt. Oxy anthracene belong to this 
I class 

Tbihydrio Alcohols 
This class 18 represented by five fatty alcohols 
Glycerin, and tri Oxy butane, pentane, hex- 
ane, and HEXINENE There are also several 
aromatic representatives e g Pyrooallol, Phlo- 
ROGLUCiN, and tn Oxy najpthalenb 

Tetbahydr c Alcohols 
Erythrite is the only fatty tetra hydrio alcohol 
] known Tetra oxy benzene and tetra oxy 
tetra phenyl ethane, and tetra oxy tn 
phenyl methane are aromatic tetra-hydrio 
alcohols 

Pentahydrio Alcohols 
Finite and quercite are the only ones known 
Hexahypric Alcohols. 

Mannite, dulcite, sorbite, perseite and 
hexa oxy diphenyl make a complete hst 
Pormation of Alcohols — 1 From haloid 
ethers as described above — 2 From aldehydes 
or ketones by reducing with sodium amalgam — 
8 From acid anhydrides by reduction with 
sodium amalgam (Lmnemann) — 4 From pn- 
mary amines by the action of nitrous acid , this 
reaction is, however, accompanied by an intra 
molecular change in the case of all fatty amines 
except ethyl amine and methylamme As a result 
of this change n propylamine gives nse to 
secondary as well as n propyl alcohol —6 Se- 
condary A Icohols may be got by the action of 
zinc alxylB upon aldehydes 

BCHO 4- ZnFt, * R CHEt OZnEt 
R CHEt OZnEt H O « 

R CHEt OH + EtH + ZnO 
6 Tertiary alco}iols can be formed, iunilarly, 
from zinc alkyls and acid ohlondes 

CH, CO 01 - ZnMe.- CH, CClMe OZnM# 

CH, CClMe OZnMe + ZnMe,- 
CH, CMe, OZnMe + ClZnMe 
CH, CMe,.OZnMe + H,0 a 
CH, OMd,OH + ZnO +■ OH, 

V Zwc methyl —7 From olefines, by dissolving 
them m H 2 S 04 and distilling the product with 
water Me^C CBU 4 H SO, « Ma,C O SO,H 
Me,0 0 SO,H + H,0 « Me,C OH + H,SO,, 
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JuBt as + H^SO^ - C^jSO^H 

O.H,HSO, + H 0 « C AOH + H SO^ 

By this reaction primary alcohols can be turned 
into secondary — Thus cone H^SO< converts 
ropyl alcohol into propylene, which is converted 
y the above treatment into iso propyl alcohol 
Reactions of Alcohols — Besides the general 
reactions mentioned above, the following are 
important — 1 Any reaction that might be 
expected to produce an alcohol of the form 
R CH CH OH, produces an aldehyde, R CH.^ CHO, 
instead (Erlenmeyer, B 13, 309 , 14, 320) Simi 
larly an alcohol of the form R CH CR OH be 
comes a ketone, R CH CR'O —2 On heating 
methyl, ethyl, butyl, octyl, and capryl alcohols 
with ammoniacal ZnCl^ at 240°-280-’ a mixture 
of the mono , di and tn alkylaminos is got, the 
yield of which amounts to 50 75 pc of the 
alcohol (Meiz a Gasioiowski, B 17, 623) — 3 
Tertiary alcohols differ fiom primary and secon 
dary alcohols in not combining with baryta 
(Menschutkm, J R 10 368) — 4 Cone HNOg 
converts tertiary alcohols into nitro alkylcnes, 
thus (CH,)j(COH becomes nitro iso butylene 
C^H^NO^ {Bn 1, 232) — 5 The boiling points of 
tertiary alcohols are lower than those of the 
isomeric secondary alcohols, and these again 
lower than those of the isomeric primary alco 
hols — 6 The alcohols C„H aie decomposed 
by zinc dust at 300°-3 50° into oleffne, C„H and 
water Methyl alcohol gives, however, CO and 
hydrogen (Jahn, M 1, 378) — 7 Carbonic oxide 
above 100° acts upon sodium alcoholates (RON a) 
mixed with sodium salts (C^Hja jO Na) as follows 
RONa + CO + C„H^ ,0,Na» 

CHNaO +C„H„_^0,Na 
the elements of NaOH being abstracted bo that 
B displaces H A secondary reaction is 
RONa-^CO^RCO^Na 

(Geuther a Froehlich , Looss , Poetsch, A 
218, 66) But CO does not act on a mixture 
of sodic phenjlate and sodic acetate at 200° 
(Schroeder, A 221, 35), or on one of sodic 
ethylate and sodic benzoate at 200° On a 
mixture of sodic ethylate and sodic phenyl 
acetate CO forms various acids including one 
(310° 320°) which maj be phenyl vinyl butenyl 
acetic acid, Ph C(C Ji,)(C 2 H Et)CO,H On 
a mixture of NaOEt and sodic cinnamate, 
CHibonio oxide forms di-ethyl cmnamic acid, 
C^H CEt CEt CO H and di butyl-cmnamic acid, 
C(C,H„) C(C,H„) CO H Both are oils —8 
Pnmary alcohols heated with soda lime form acids 
and give off hydrogen thus RCH^OH + KOH - 
RCO^K + 2 H 2 (Dumas a Stas, A 35, 129) But 
at a higher temperature a second reaction 
occurs RCO^K + KOH = RH COjK^ If the 
hydrogen evolved be measured, some conclusion 
may be drawn as to the molecular weight of 
the alcohol , but the lower alcoOols cannot 
give good results as the hydrocarbons RH 
are gases Myricyl alcohol gives off H of 
the calculated hydrogen (C Hell, A 223, 269) — 
9 When an alkyl caibonate la heated with 
an alcohol, exchange of radicles occurs if the 
radicle of the alcohol contains more carbon 
atoma than that of the ether (Rbse, A 205, 
240) But when an alcohol is heated with an 
acetal, exchange takes place only if the alcohol 
has the smaller radicle (Geuther, A 218, 45) 
When an alcohol is boiled with a $%mple 


ether or with an ether of acetic or butyric 
acid with inverted condenser, no change occurs 
(G ) — 10 If a small quantity of a secondary 
alcohol, other than isopropyl alcohol, be 
moistened with HNO, and then mixed with 
water and shaken With ether, on adding alco- 
holic KOH to the residue left after evapo- 
rating the ether, yellow pi isms of a potassium 
alk;yl nitrite sep irate (Chancel, C R 100, 601) 
— 11 Benzoin, isohjdrobenzom, and pyrocate 
chin give when their sodium compounds are 
treated with CICO Et, neutral carbonates of 
the form R'CO„ while resoicm, hydroquinone, 
ana 01 cm give di carbonates, R'(COjLt )2 (M 
Wallach, A 226, 87) — 12 On the Rate of Etheri 
Jication of alcohols v Chlmicajl Chanoiv — 13 
Fe Cl„ gives a colour reaction with all ox} com 
pounds whether aiom itic or fatty, though in the 
latter case the reaction is faint and a nearly 
( olourless solution of the reagent is required 
Such a solution can be prepaieci by diluting two 
drops of 10 p c solution of Fe Clg with 60 c c 
of watei If an excess of the substance to be 
tested IS added to this solution a sulphur yellow 
colour will be produced if a fatty alcohol, oxy- 
acid or carbohydiate is present (Landvsehr, B 
19, 2720) 

ALDANE A term proposed by Riban {C R 
75, 98) to designate products foimed by tlie 
union of two or more molecules of an aldehyde, 
with elimination of water — e g crotonic aldehyde 
CH, CH CH CHO fiom aldehyde 

Di-aldane C H,^0, i e 
CH, CH(OII) CH CH CH CH(OH) CH CHO 
[1->0°J S (ether) 87 at 22° Foimed by the 
condensation of aldol, CH, CH(OH) CH CHO, 
under the influence of hydrochloric acid (Wurtz, 
Bl [2] 24, 100 , 28, 169) Crystallised from 
water Si sol cold water, v e sol boiling 
alcohol May be distilled in vacuo It reduces 
silver solution Aqueous NHj at 100° forms a 
crystalline base, C,„H 2 gN 20 g, v sol water, 
alcohol or ether (Wurtz, C R 91, 1030) The 
aqueous solution of the base deposits, after some 
time, an amorphous isomeride 

Iso-di aldane ChHi^Oj [114°] Formed by 
heating aldol at 125° (W ) or by slow action of 
aqueous HCN upon aldol (Lobry de Bruyn, Bl 
[2] 42, 161) 

Di aldaoio acid CgHj^O^ % e 

CH, CH(OH) CH 2 CH CH CH(OH) CH 2 CO^H 
[80°] (198°) at 20 mm Forirfud by treating an 

aqueous solution of di aldane with Ag O or 
KMnO^ (Wurtz, C R 83, 255, 1259) Monochnio 
crystals V e sol alcohol or water, m sol ether 
Salts — KA' deliquescent crystals (fiom 98 p c 
alcohol) — NaA' plates (from alcohol) — BaA'j 
ppd as powder by adding ether to an alcohoho 
solution — CaAj a:aq v e sol water, but noi 
deliquescent — AgA small lanunw (from boilmg 
water) , insol alcohol 

Di-aldanio alcohol C„H,gO, 

CH, CH(OH) CH 2 CH CH CH(OH) CH 2 .CH,OH 
[49°-53‘’] (162°-165°) at 10 mm Prepared By 
reducing di aldane in aqueous solution with a 
large excess of (1 p c ) sodium amalgam, the 
bqmd being kept slightly acid with HOI The 
liquid 18 neutralised and evaporated, freed from 
KaOl by alcohol, and the alcoholic solution 
distilled (Wurtz, C H 92, 1371) White, crystal- 
line, deliquescent moss V e sol water and 
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alooho^, V sol ether Ac^O forms an acetate 
CgH.^AcP, (c 159 ) at 20 mm Di aldanio 
alcohol does not reduce ammoniacal AgNO, 
Conshtutwn — The formation of a di acetate 
seems inconsistent with the constitution assigned 
to di aldanio alcohol Di aid an e may be con- 
sidered to be derived from di aldol, 

OH. CH(OH) OH, CH(OH) CH, OH(OH> CH, OHO 
by removal of H^O If this dehydration is to 
destroy two hydroxyls an anhydride must be 
formed 

CH3 CH CH, CH CH, CH(OH) CH, CHO 
6 1 

and the formulas of dialdane derivatives must 
he altered accordingly 

ALDEHYDE (ACETIC) C,H,0, CH, CHO 
Mol w 44 (21°) S G 2 BOO (Kopp, A 04, 214) . 

7799 (Bruhl) , 7951 7870 (Perkin, C J 

45, 475) S V 56 0 (Ramsay) 1 3150 

18 18(B) HFp 48,740 (Thomsen), 
40,000 (Berthelot) HFv 47,870 MM 
‘2 288 at 10 8° V D 1 582 (for 1 o20) 

Occurrence — In the first portions obtained 
by lectifying spiiit that has been filtered through 
charcoal, where it is perhaps foimed by oxida 
tion in the charcoal (Kramer a Pinner, B 2, 
403 , 4, 787 , Kekul6, B 4, 718) The name 
aldehyde was invented by Liebig as a contrac 
tion of alcoliol dehydroqenatiivi 

Formation —1 In the oxidation of alcohol, 
either by slow combustion m contact with pla 
tinum black, or by the action of CrO„ chlorine 
water, HNO,, or a mixture of H2SO4 and MnOj 
(Liebig, A 14, 188) Also by oxidation of acetic 
ether and other ethyl compounds (e g ethyla 
mine, Carstanjen, J pr 89, 486), and by slow 
combustion of ether — 2 By action of ZnClj on 
gl>col + (Wurtz, A 

108, 86) — 3 From ethylene bromide and water 
at 160° (Canus, A 131, 172) CjH^Bfj + H^O =» 
CjH^O + 2HBr From ethylene bromide and 
mercuno acetate (Linnemann, A 143, 347) — 
4 From ethylene and CO2 at 400° (Sohutzen 
berger, Bl 31, 482) —5 From acetylene and 
aqueous HgBr, (Kutscheroff, B 14, 1540) — 
6 By electrolysis of potassio lactate (Kolbe, A 
118, 244), of sugar solutions (H T Brown, C J 
25, 578), or of alcohol containing HjSO, or KOH 
(Jaillard, C R 58, 1208) —7 By dissolving 
acetylene in dilute H2SO4 (S G 1 35) and dis 
tilling the product with water (Lagermaik a 
Eltekoff, B 10,^37) — 8 By the dry distillation 
of a mixture of calcic acetate and calcic formate 
Ca(COsCH3), + Ca(C02H)2 « 2CaCO, + 2HCO CH, 
(Ritter, A 97, 369) — 9 By oxidation of ethylene 
with aqueous CrO, at 120° (Berthelot, C R 68, 
834) — 10 By reducing chloral with zmo and 
dilute H2SO4 (Personne, C R 71, 227) —11 To 
gether with formic acid by heating lactic acid 
with dilute ILSO4 at 130° 

CH, CH(OH) CO2H - CH, CHO + HCO^H 
(Erlenmeyer, Z [2J 4, 843) Also, together 
with laotide, by the dry distillation of lactic 
acid — 12 Among the products of the action of 
H SO4 and MnO, or K^CrjO; upon albumen, 
hbnn, casein, gelatin (Guckelberger, A 64, 46, 
86), or gluten (Keller, A 72, 81) —18 By heat 
mg acetal with glacial acetic acid at 180° for 
two days (Beilstem, O 48, 1121) — 14 By 
asBing alcohol through a red hot tube From 
amp oil m the same way (Hess, P 38, 880) 


Aldehyde occurs among the products of the dry 
distillation of wood (Kane, A 19, 288 , Krdmer, 
a Grodzki, B 9, 1921 , Mabery, Am 5, 258), and 
of sugar (Volckel, A 87, 303) —15 By distiUmg 
a di ^kylated /3 oxy propionic acids 
CH, CH(OH) CEtj CO^H- 
CH, CHO + CHEtjCO^H 
Preparation — 1 From the ‘first runnings' 
in the rectifacation of fermented liquors — 2 
Alcohol (3 pts of S G 842) and KjCr^O, (3 pts ) 
aie placed in a retort and cone H^SO^ (4 pts ) le 
8lo\ 'y run in The heat evolved causes the 
aldehyde to distil off (W a R Rodgers, J pr 40, 
240) It 18 collected in dry ethei, which is after 
wards saturated with dry NH, , aldehyde 
ammonia separates in cubes, and this is distilled 
with (3 pts ) mixed with water (4 pts ), 

the receiver being cooled with ice and salt The 
product 18 dried nver CaCl^ and rectified 

Properties — Characteristic odour, miscible 
with water, but separated by CaCl, from solu 
tion Neutral Readily polymerised Mixes with 
alcohol and ether A mixture of aldehyde (1 pt ) 
and water (3 pts ) boils at 37° Aldehyde dis- 
solves S, P, and I Burns with blue flame It 
dissolves 7 times as much SO, as water does 
Tes^s — 1 Heated with ammoniacal silver 
nitrate forms a mirror — 2 Heated with aqueous 
potash forms a yellow body (aldehyde resin) and 
gives off a characteristic odour (Weidenbusch, 
A 66, 153) The solution then contains form 
ate and acetate —3 Restores the colour to a 
solution of a rosaniline salt that has been 
bleached by SO, — 4 Reacts with hydroxylamine 
form ng a liquid oxim {v infra) — 6 Reacts 
with phenylh}diazine forming a crystalline 
phenyl hydrazide {v infra) — 6 Combines with 
NaHSO, — 7 Combines with NH, — 8 H^S 
passed into an aqueous solution forms an oil, 
converted by acids into solid thio aldehyde 
(g u ) -9 Alkalme aqueous solutions produce 
a red coloration when treated with diazo ben 
zene sulphonic acid and a little sodium amalgam 
Reactions - 1 Oxidised to acetic acid slowly 
by air, moie rapidly in presence of platinum 
black, most rapidly by oxidising agents —2 
Passed over red hot soda lime^ it forms sodiC 
acetate and hydrogen Passed over red hot 
quicklime, it gives acetone and various ketones 
and gases (Schloemilch, Z [2] 5, 336) — 3 HI at 
high temperatures reduces it to ethane (Berthelot, 
Bl [2] 7, 69) — 4 Sodium amalgam reduces it 
to alcohol, some di oxy butane being also formed 
(KekuU, A 162, 309) —6 Converted into 

crotonio aldehyde (g u ) by ZnCL, or by aqueous^ 
solutions of sodvc acetate or Rochelle salt at 
100° Zinc shavings at 100° produce an aide 
hyde C,H„Oj (220°) , it is an oil and oombinet 
with NaHSO, (Riban, Bl [2] 18, 63) --fi With 
chlorine forms, in sunhght, acetyl chloride 
(Wurtz, A 102, 93) —7 Chlorvne passed into 
aqueous aldehyde forms chloral, butyro-chloral, 
dichloraldehyde, and other bodies (Pinner, A 
179, 21, H 8, 1821, 1661, Wurts a Vogt, 
Bl 17, 402) Bromme converts aldehyde, 
dissolved in acetic ether, into bromal and 
di-bromo aldehyde —8 PCI* gives ethylidens 
chloride, CH, CHOI, (Beilstem, A 118, llO), 
COCL «>ots similarly (Bokenroth, B 18, 518) — 
9 PCl»B^j gives ethylidene bromide, CH^ CHB^ 
(Faterno a. Pisati, B 5, 289) — 10 Dry 
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passer^ into cold aldehyde forms ethylidene chlor 
hyarm OH3 CHCl OH, (25°) at 40 mm This 
changes spontaneously, or more quickly if heated 
or treatedwithHCl, into* ethylidene oxy chloi ide,’ 

C,H,Cl^O, (c 69°) at 40 mm A small quantity 
of another body, C^H.^Cip, (c 100°) at 40 mm , 
19 also got Ethylidene oxy chloride is probably 
di chloro di ethyl oxide (CH, CHClj^O It is 
converted by boiling water into aldehyde and 
HCl, and by ammonia into efflorescent needles 
of (CH, CHNHJ.O 2HCI (Lieben, C B 46, 662 , 
Kessel, A 175, 46, Hanriot, C R 92, 302) 
Aldehyde saturated with HCl is con\eited into 
crotonic aldehyde (q v ), chloro butyiic aldehyde, 
and a compound [98°J (Kekul6, A 

162, 102) —11 Aldehyde left for some days with 
aqueous HCl foims aldol [q v ) — 12 HCl passed 
into a mixture of aldehyde and alcohol forms 
chloro ethyl ether [q v ) — 13 HCl passed into a 
mixture of aldehyde captanioims di thio 

acetalCHg CH(SEt)^, a mobile liquid (Baumann, 
B 18,884) — 14 Aldehyde forms with sine ethyl 
a compound which is decomposed by watei with 
pioduction of secondary butyl alcohol {q v) — 
15 When paialdehyde (1 g ) is added to cold 
H SO^ (100 g ) and the solution is shaken with 
benzene^ di phenyl ethane is got 

CH, CHO + 2C,H, = CH, CH(0,H ), + H O 
(Baeyer, B 7, 1190) —10 With cyanamide it 
forms a compound (C H,),N,Cy,Aq (Knop,/4 131, 
253) —17 With HCN it gives lacto nitiile {q v ) 
18 With HCN, HCl and NH, in aqueous 
solution it gives, on boiling, alanine {q v) A 
mixture of aldehyde ammonia and HCN m 30 
pc solution acidified by HCl gives in the cold 
amido propiomtule, which changes fiist to 
imido propiomtule, and then, in about a month, 
to hydiocyanaldine 

Hy d? ocy ana Idtyte CgH-i S 18at 
20° S (alcohol) 1 27 at 18° Prisms (fiom 
ether) May be sublimed V sol acetone, m 
sol ether, v si sol CS Decomposed into its 
components by boiling AgNO, or boiling KOH 

Parahydrocyanaldine C„H,,N, [232°J 

8 01 at 20°, S (alcohol) 04 at 18° This is a 
similar body foimed by allowing the liquid con 
taming hydrocyanaldine to stand several months, 
and also by warming a mixture of araido and 
iraido- propionitnle with HCl Rhombic crystals 
(from acetone) Insol ether v e sol acetone 
Decomposed by AgNO, or KOH like hydrocyan- 
aldme 

Combinations — 1 With bisulphites of the 
alkalis C,H,ONaHSOjAq pearly plates by 
evaporation over HSO,, satiny needles when 
ppd by alcohol — CgHjOKHSO, hard indis 
tinct crystals composed of minute needles — 
tO,H,0),Ba(HSO,)2 soluble scales —If a solu- 
tion of (NHJHSO, be mixed with aldehyde and 
evaporated, it deposits crystals of C H,OSO,NH„ 
S 10 at 16° (Bunte, A 170, 305) But by 
passing SO, into alcoholic aldehyde ammonia, 
Eedtenbacher {A 65, 87) got unstable needles of 
an isomeric body, 8 70 at 16° When strongly 
heated with potash lime, thisdecomposed with pro- 
duction of di-methyl amine or ethylaraine (G^ss 
mann, A 91, 122) — It may be C,H40NH,HSO, 
(Beilstein),— The compound of aldehyde with acid 
•odium sulphite may perhaps be represented 
by the formula OH, CH(OH) SOgNa, as a Cxy 
iGRiiuiu sulphite. 


2 With ammonia CH, CH(OII) NH, 

Aldehyde ammonia [70° 80°] (100°) 

V D 80 36 By passing NH, into ethereal sola 
tion of aldehyde (Liebig, A 14, 133) Rhombo- 
hedra, best got by mixing a cono alcoholic solu- 
tion with ether, very soluble m water, hardly 
soluble m ether Alkaline Turns blown m air 
Decomposed by dilute acids, even by CO^, giving 
off aldehyde Reactions — (a) H,S forms tin 
aldine {q v ) —{b) H Sa forms selen aldme 
C,.H,3NSe —(c) ilcoholio CS^ forms carbo thi- 
aldine (^ v)—{d) HCN and HCl foim, in the 
cold, hydrocyanaldine, C Hi^N,, or on heating, 
alanine (q v) —(e) At 120° in a sealed tube it 
forms tri methyl pyridine, oxy tetraldinc 
CgHnNO, e^ndoxypenialdine C,oH,iNO The 
two latter are monacid amorphous bases, si sol 
watei (Babo J pi 12, 88 , Hemtz a Wislicenus, 
J 1858, 347 , Schiff, A Suppl 6, 10) — (/) Ac 
tion of SO 18 described above —{g) CS^ forms 
carbothialdine C H,oN S {q v ) —{h) NaOEt and 
Mel in the cold form isocholine iodide, C^Hj^NOI 
(G Meyer, B 16, 207) 

3 With ammonia and silvermii ate or 8ul 
phate W^hen AgNOj (100 co of af normal 
solution) 13 added to aqueous NH, (15 cc four 
times normal) and, aftei filtiation, aldehyde is 
added as long the pp first foimed redissolves, 
a liquid 13 got in which more NH^ (15 c c ) causes 
sepaiation of the compound C.HioN^OiAg Uq, 
which must be washed with alcohol and ether 
and diied at a low tempeiatuie (Reychlei, B 
17,41) It forms unstable white six sided plates 
SI sol watei, \ si sol alcohol, insol ethei 
Its warm aqueous solution deposits a silver 
minor —If the same solutions be mixed m the 
following piopoitions 20 c c NHaAq 33 c c 
AgNOjAq and 20 cc aldehyde, and 250 cc 
alcohol be added, a white microciystalline pp 
C^H.oNjOaAg 18 got This body is repiesented 
by Liebermann a Goldschmidt (B 10, 2179 , 
11, 1198) as AgN032C,H4NH , 

Reychlei writes AgO N CH,),. — 

Ag SO,(C,H4NH)33aq -Ag, 80,(0 H4NH)4 6aq — 
Ag,S04(C H4NH),NH,Saq (W G Mixter, Aw 8 
[3] 17, 427) 

4 A solution of aldehyde in alcoholic am 
monia in six months becomes brown If it bo 
then evaporated, tii ethylidene diamine, or 
hydracetamide (CH, CH),N„ is left as a yellow 
amorphous powder, soluble m ^v^;,.te^ Its hydro 
chloride is C^H.^N 2HCI Boiling water or acids 
convert it into oxy trialdine CyH,,NO, an 
amorphous yellow powder, soluble in water, 
salts — C«H„NO HCl -(C«H„NO) H,SO* (H. 
Schiff, Bl [2J 8, 443 , A Suppl 6, 1) 

5 W ith pinissic acid C2H4OCNH t e. *• 

CjH 4 (OH)CN, ethylidene cyanhydrtn or 
lacto nitrile {q v ) — 6 With ethyl nitrate 
C,H 402 EtN 0 , (86°) S G 12 1 046 Formed by 
distilling a mixture of KEtS 04 with KUO, It 
18 an oil Vapour explosive Decompose by 
potash into aldehyde (Nadler, A 116, 173) ' 

7 With ethyl chloiide v Chlobo- ii-xthti 

OZIPK 

8 With alkoyl chlondea or bromides Tha 
following compounds may be viewed ai derived 
from ethylidene glycol chlorhydn nCH, CH^'OH)01 
(v reaction 10), by displacement of H by 
radiclea. 
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(а) With acetyl chloride C^H,0, C^H OClo** 
C H^(0^c)Cl, ethylidene chloracetm (121 6° cor ) 
S AS 1 114 Combination takes place at 
100° (M Simpson, Pr 27, 120 , Franchimont, R 
1 , 246, Rubencamp, A 225, 274) The com 
pound was discovered by Wurtz {Z 1871, 362 , 
A Ch [8], 49, 5Q j G R 73* 628) Decomposed 
b} potash into KCl, acetic acid, and aldehyde 
KOAc forms CH, CH(OAc), (Schiff, B 9, 304) 
Chlorine at 120°, in presence of iodine, forms 
CHCL CHCl OAc, tri chloro ethyl acetate (250°- 
280°) Bromine dropped into it at 100° forms 
bromethyl bromo acetate CH, CHBi 0 CO CH^r 
(v Bromo acetic acid) 

(б) With acetyl broimde forms a corre 
ponding, but unstable, compound (c 140°) 
(Tawildaroff, A 176, 21) 

(c) With propionyl chloride C^HiClO or 
CH, CHCl 0(C3H,0), chloro ethyl yro-yiotiate 
tl3o° uncor ) S G 1 071 

(d) ^lihhutyrylchlorvle CH, CHCl 0(0,11,0) 
(149° uncor ) b G 1 038 

(e) '^iX^valerylchlorxde CH, CHCl 0(C^H,0) 
(c 163°) SG 997 

Derivatives of Ortho Aldehyde 

The following combinations between aide 
hyde and compounds of the foim M 0 mav be 
viewed as derivatives of oitho aldehyde, 
CH, CH(OH)„ Ortho aldehyde itself is not 
known, but chloral hydrate is tri chloro ortho 
aldehyde 

Alkyl derivatives, Acetals or Aide 
hy dates Ihe term ‘acetal,’ originally applied 
to CH, CH(OEt)^, 18 now often extended to the 
whole senes of di alkylated ortho aldehydes 

These bodies are formed, together with other 
products by the oxidation of alcohols Each ' 
of them may be formed from one of its higher 
homologues, by heating the latter at 120°, with 
an alcohol containing a lower radicle Thus 
di ethyl acetal heated with methyl alcohol yields 
dimethylacetal, whereas the latter heated with 
ethyl, propyl, isobutyl, or amvl alcohol yields 
only traces of an acetal containing different 
alcohol radicles Similarly diethyl acetal heated 
with methyl alcohol is converted, for the most 
part, into dimethylacetal, but is practically un 
altered by propyl and amyl alcohols (Bachmann, 
A 218, 38) Aldehydates may also be formed 
by heating aldehydes with alcohols and HCl 
(Wurtz a hrapolh, ^ 108,226, Clausa Trainer, 
B 19, 3004) 

Ethyl ortho-aldehyde CH, CH(OH)(OEt) 
(80°-90°) (Renard, B 8, 132) (c 50°) 1 Jacobsen, 
B 4, 216) Among the products of electrolysis 
of mixture of alcohol and dilute H SO^ (R ) 
By action of water on chloro ethyl-ether, 
erf, CHCl OEt (J ) 

hi methyl~acetalG^H.^QOii e CH, CH(OMe), 
(62 7°-63 3°) at 751 6 mm S G ^ 8656 (Bach 
riiann) , 8590 at 14° (Dancer, A 132, 240 V D 
H 10 (for 8 11) S V 110 81 (R Sohiff, A 220, 
10^) Occurs in crude wood spirit (D ) Formed 
by oxidising a mixture of MeOH and EtOH with 
MnO^ and H^SO^ (Wurtz) Prepared by heating 
aldehyde (4 vols ), methyl alcohol (8 vols ), and 
glacial HOAo (1 vol ) at 100° (Alsberg, J 1864, 
486) A colourless liqmd burning with a white, 
blue edged flame (Wurtz, A Ch [8] 48, 373) 
EtOH at 120^ has hardly any action, traces of 


1 methyl ethyl acetal being formed Piopyl, iso- 
butyl, and iso amyl alcohols act similarly 

Methyl ethyl acetal CH, CH(OMe)(OEt) 
Reactions that might be expected to produce 
this body yield only a mixture of di methvU 
acetal and di ethyl acetal (A Geuther, A 225, 
265) 

Diethyl acetal v Acetal 
Methyl pro'pyl acetal C^IIj^Oj ♦ t 
CH,CH(OMe)(Orr) (103°-105°) Very little is 
formed from di methyl acetal and PrOH at 120° 
E thyl propyl acetal C^Hi^O^ i e 
CH,CH(OEt)(Orr)(124°-126°) Very little is 
foiined from di ethyl acetal and PrOH at 120° 
Methyl isobutyl acetal C 
(126°) Dimeth)! acetal (15 g ) heated with iso 
butyl alcohol at 120° forms a little (1 g ) of this 
body 

Methyl ISO amyl acetal C,H,,02 
(141° 144°) A little got from di methyl acetal 
and ISO amyl alcohol at 120° 

Di propyl acetal C^H.^O^ (146°-148°) S G 
825 Got by passing pure PH, into a mix- 
ture of aldehyde and PrOH at —21° (Guard, C 
R 91,629) 

Di iso butyl acetal CjoHj^O^ (168°-170°) 
S G 22 Prepared like the preceding 

Di ISO amyl acetal CiPd^^O^ ^ e 
CH,CH(OCH,,) (c 195°) (Bachmann) , (210 8° 
cor ) (Alsberg, J 1864, 485 , Claus a Trainer, B 
19,3008) bG ^ 801 (B ), 835 (A) Aide 

hyde (1 vol ) and ^^lo amyl alcohol (5 vols ) are 
mixed, saturated with SO and warmed with 
glacial HO Ac (1 vol ) A small quantity is got 
by heating amyl alcohol with acetal at 120° 
Ethylene acetal C^HyO^ i e 

CH,CH<^>C,H, (82 5°) at 766 mm S G 002 

S 67 From aldehyde and glycol at 100° 
(Wurtz, A 120, 328) Separated by CaCL from 
its aqueous solution Not attacked by KOH 
Acetic acid gives glycol di acetin 
Propyl ene acetal C^Hj^O^ % e 

CH, CH<^^>C,Hy (93°) From aldehyde and 

propylene glycol at 160° (Gramont, Bl 41, 361) 
Decomposed by water into aldehyde and piopy 
lene glycol 

Oxy propylene acetal C^HioO, 

% e CH, CH<^>C,H,OH (c 186°) S G 2 1 081 

Fiom aldehjde and glycerin at 180° (Har 
mtzky a Menschutkin, A 136, 126) Decom- 
posed by water into its components 

Di (^^) naphthyl acetal le 

CH, CH(0 C,„H,) [201°] Slowly formed when 

(fl) naphthol and aldehyde are dissolved in acetic 
acid and a few drops of HCl are added (Claisen, 
B 19, 8318) Crystals, msol aqueous alkalis 
Changed by warming with HO Ac and HCl into 
ethyhdene-di naphthyl oxide, 

Alhoyl derivativeaor ethylxdene aaltn 
When both alkoyls (acid radicles) are the same, 
these bodies may be viewed as compounds of 
acid anhydndes with aldehyde They are slowly 
decomposed by water, more rapidly by potaeh, 
into aldehyde and acids Mono alkoyl den 
vativea, CH, CH(OH)(OR) are not known , they 
appear to spht up into water and the on 
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hydnaes {CH, CH(0E)},0 These anhydrides 
D ay be foimed from di ohloro di ethyl oxide, 
(CH^CHCl)jO and sodium salts They are vola 
tile liquids, decomposed by water into aldehyde 
and acid (Geuther, A 226, 223) 

Dt acetyl derivative OTL^CTl{Ok.c)^ 

(168 4° cor ) SO ^ 1 073 /x = 1 40 at 28° 
1 From CH3 CHCl(OAc) and AgOAc (Kuben 
camp, A 225, 274) —2 I< rom aldehyde and Ac,0 
at 180° (Geuther, A 106, 249) —3 From aide 
hyde and AcCl at 100° (Franchimont, H 1, 248) 
Di-propionyl deni ative 
CH, CH(0C3H,0), (192 2° cor ) S G 1 020 
/X « 1 407 From CH^ CHC^OC^H^O) and 
Ag0(C3H30) 

Di butyryl CH{OC^HjO)^ 

(215 6° cor) SG 9855 /tx = 1411 

Di valeryl derivativeai.^ai[OCfi^O)j, 
{225° cot) SG^ 947 /x = 1414 
Acetyl propionyl derivative 
CH, CH(0Ac)(0C3H30) (178 6° cor ) S G 1 044 
fi-=l 402 From AgOC^H O and CH, CHC’ OAc 
or from AgOAc and CH, CHCl OCyH^O (Geuther 
a Bubencamp, A 225, 281) 

Acetyl butyryl derivative 
CH, CH(OAc)(OC,H,0) (192 b°cor ) S G i^l 016 
/u «= 1 047 From AgOCiH 0 and CH, CHCl OAc, 
or from AgOAc and CH, CHCl OC^H^O 
Acetyl valeryl derivative 
CH,CH(0 Ac)( 0C3H«0) (194°-199° cor ) SG ^ 
991 /a - 1 408 Similarly prepared 

POLTMERIDES OF ALDEHYDE 

Aldehyde readily polymenses, forming aldol 
C^HgO, (2 f ), paraldehyde C^H^O,, or metal 
dehyde C^„H^„0„ Pure aldehyde may be kept 
without change, but when impure it spon 
taneously changes to paraldehyde or metalde 
hyde (Weidenbusch, A 66, 155 , Fehling, A 
27,819, Geuther a Cartmell, A 112, 16, Lie- 
ben, A Svppl 1, 114, Kekul6 a Zincke, A 
142, 141 , B 3, 468) Meta dehyde is foimed 
from aldehyde at a low temperature by the same 
reagents that cause the fonnation of paraldehyde 
at high temperatures (K a Z ) Neither of these 
bodies 18 affected by hot potash, but both of 
them are converted by PCI, into ethyhdene 
chloride, CH, CHCl,, and by HCl into ‘ ethyhdene 
oxy chloiide ’ {v supra) A httle alcoholic KOH 
converts aldehyde mto a nuxture of metalde- 
hydte, paraldehyde, and a httle crotonic alde- 
hyde (Perkin, C J 43,88) 

Paraldehyde C,H„0, Mol w 132 [10°-12°] 
(124°i V )(K a Z ), (124 4 )at762nim (B Schiff, 
A 220, 104) S G Y 9943 (Bruhl) , 9993 , 

P 9900 (Perkin, C J 46, 479) S V 150 7 (8 ) 
VD 4 36 (for 4 55, S ) fxfi 1 4096 Bo) 52 48 (B ) 
MM 6 662 at 17 3° S 12 at 13° , 6 at 100° 
Preparation — Inpiesenoe of a small quantity 
of HcX COCl„ or SO,, aldehyde gradually 
becomes hot, often reaching 40° It is then 
changed to paraldehyde H,SO, and ZnCl, 
effect this change even more vigorously The 
product 18 oooIm to 0°, when paraldehyde 
trystalhses 

Properties — CJolourless liquid, smellmg like 
acetal and aldehyde It is partially converted 
into aldehyde by distillation Distillation with 
H SO,, HCl, ZnCl,, or COCl, completely 

effects this change The reactions of paralde- 
hyde, m presence of any of these bodies, are 


therefore the same as those of aldehvdd It also 
forms CH, CH(OAc), with Ac,0 But tt does 
not react with ammonia HNO, oxidises it to 
glyoxal (Liubawin, J B 13, 496) 

Constitution — The S V agreds with that 
required by Kekul6’s formula 

c^,<;q c^'>o ^ 

Metaldehyde CgHjjO, S (chloroform) 1 034 
at 26° , 4 235 at 60° , S (benzene) 12 at 23°, 
181 at 80° Formed by passing a few bubbles 
of SO, or HCl into aldehyde m a freezing mix- 
ture , metaldehyde crystallises out, and the 
mother liquors are distilled and treated as before 
(K a Z ) CaCl effects the same transformation 
at the ordinary temperature • 

Propel tics — Long striated pnsms, subhmes 
about 115° without melting Insoluble in water, 
slightly soluble in cold alcohol or ether It may 
be convex ted mto aldehyde (a) by heating for 
a day in vacuo at 180°, (b) by repeatedly dis- 
tilling under atmospheric pressure, (c) by heat- 
ing its solution in chloroform The vapour 
density may be found m the usual way, due 
allowance being made for its partial dissociation, 
the amount of undecomposed metaldehyde being 
estimated after cooling The V D is thus found 
to he between 72 2 and 59 1, the mean value 
being 62 o Metaldehyde is not attacked in the 
cold by KMnO„ chromic mixture, or NH, Chlo 
rine forms chloral , PCl^ gives ethyhdene chloride 
(Hanriot a Oeconomides, C B 93, 463 , A Ch, 
[6] 25, 226) 

Di aldehyde v Aldol 

ALDEHYDE ACETAMIDE C^H^N^O, t e 
CH, CH(NHAc) di acetyl cthyhdenp diamine 
[169°] Got by heating aldehyde with acetamide 
(Tawildaroff, B 5,477) 

ALDEHYDE ACETATE v p 106, I 6 
ALDEHYDE ACETYL CHLORIDE c p 105,1 1 
ALDEHYDE ALCOHOLATE v p 105, 1 68 
ALDEHYDE GREEN v Bobxniline 
ALDEHYDE GUM C,oH,„0, The banum 
salt is formed by allowing a solution of aldehyde 
m baryta water to stand for some time From 
this salt H^bO, liberates the ‘ gum ’ as a syrup, 
soluble in water and alcohol It reddens 
rosaniline decolorised by 80^, and it gives iodo- 
form with I and Na^CO, Reduces hotFehling’s 
solution— Ca(C,oH„OJ, amorphous (ToUens, 
B 17,660) 

ALDEHYDE PHENYL HYARAZIDE 

C,H,„N, i e CH, CH N,HPh 
From eUdehyde and phenyl hydrazine in ether 
f> Aldehydes, reaction 4 Crystalhsed from 
benzoline Deliquescent V sol alcohol or 
ether Resolved by boiling water or dilute acids 
into its constituents * 

ALDEHYDE RESIN Formed by the action 
of aqueous or aloohoUo potash, hot or cold, 
upon aldehyde, or by heating aldehyde with 
NaOAo in sealed tubes at 100° It is aocom- 
panied by a strongly smelling yellow oil which 
may be removed by distillation Aldehyde resim 
resembles colophony It produces, when fused 
with potash, oxy iso phthalic acid [283°], o-oxy. 
m toluic acid [173°], and m xylenol, C,H,Me.,OH 
When strongly heated with zmo dust it giv^i 
ethyl benzene, m and p methyl ethyl benzene 
and methyl-naphthalene Cone HNO, givet 
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kfo phthalio acid (Weidenbuach, A 06, 153 , 
Ciamician, Af 1, 199) 

ALDEHYDES — An aldehyde is a body de- 
rived from a primary alcohol by removal of two 
atoms of hydrogen fiom each molecule, and 
having the general formal^ B CO H It may 
therefore be looked upon as a ketone in which 
one alkyl is represented by H Aldehydes may 
also be viewed as hydrides of acid radicles, 
hence CIL CO H is called acetic aldehyde and 
not ethyl aldehyde, although the latter name is, 
etymologically, the more correct (p 103) 

Enumeration — In the following list the 
numbers denote values of n CnH „0 1 For 

mic , 2 Acetic , 3 Propionic , 4 Butyric , 5 
"V^eric , 6 Hexoic , 7 Heptoic , 10 Decoic , 
12 Laurie , 14 Myristic , 10 Palmitic , 17 
Steanc — C„H.„_oO 3 Acrylic (acrolein), 4 
Crotonio, 5 Tiglio , 6 Hexenoic , 8 Octenoic, 

Tetradecenoic , 16 Cimicic , 21 Tn oenan 
thio — C^Hgn fiO C^^H^O Tetra cenanthic — 
C„H2n-80 Benzoic , Phenyl propionic — 
C„H^„_,o 02 Cinnamic — C„H „ ,^0 Naphthoic 
— C„H „-,aO Di phenyl acetic — C„H „0 Oly 
collio (?) Oxypropionic Oxybutync (aldol) — 
Glyoxal — C„H2„ 40 Maleic — 
CnH n-«C Furf urol — C„H „_yO Oxv benzoic , 
Furfur acrylic, Furfurcrotoiiic — C, H „ 
Suberic Azelaic and Brassvhc — C„H „ ^0, 
Di oxy benzoic, Piperonal -C„H n^mO^ Di aide 
hydo resorcin , Di aldehydo orcin 

Formation — 1 By oxidation of primary 
alcohols by air and platinum black, by aqueous 
chromic acid or by H^SO^ and MnO^ 

2R CH OH + O2 = 2R CO H + 2H O 
2 By distilling a mixtuie of baiium or calcium 
formate with some barium or calcium salt 
Ca(0 CO 1\), ± Ca(0 CO H) = 2CaCO, + 2H CO li 
(Limpncht, A 97, 308 , Pina, A Ch [3j 48, 
113 , Krafft, B 16, 1717) This process is a 
particular case of Williamson’s method of pro 
ducing mixed ketones Instead of calcic formate, 
a mixture of calcic oxalate and lime may be 
used (Bogusoh, J R 7, 47) — 3 From chlorides 
of the type R CH CI2 by heating with dry oxalic 
acid (Anschutz, A 226, 19) —4 Chromyl di 
chloride, Cr02Cl2, unites with toluene and its 
homologues when added to their solution m 
CS2, forming brown powders, possibly of the 
form RCH(0 CrCL^ OH) , which are decomposed 
by water with production of aldehydes (A Etard, 
C R 90, 534, 97, 909, Bornemann, B 17, 
1462) — 5 Aromatic aldehydes may be prepared 
by heating dichlorides R CHCl^ with NaOHAq, 
or the monochlondes, R CH^Cl with aqueous 
lead or copper nitrate — 6 Alcohols of the form 
R CH CH OH appear to change, at the moment 
of |heir formation into aldehydes, R CH^ CHO 
The formation of acrolein from glycerin, and of 
aldehyde from bromo ethylene are instances — 

7 Some aldehydes, as benzoic, acetic, propionic, 
and butyric, are produced by ^stilling albumen, 
fibrin, casein, or gelatin, with MnO^ and H^SO^ 

8 •Many aldehydes can be obtained from essen 
tial oils derived from plants , c 0 , benzoic, cm 
namic, cumimc, and ealioylic aldehydes 

Properiiea — Almost all are volatile liquids 

Reactions — 1 Are readily oxidised to acids, 
and consequently are powerful reducing agent^ 
Ketoiiic alcohols, R CO CH^OH, resemble aide 
Itydei in reducing power (Zmeke, A 216, 317) — 


2 Many are converted by alcoholic potash 
or by potash fusion into an alcohol and an acid 
2CA CHO + KOH = C A 00, K + GJi, CH.OH. 
Glycols with double the number of carbon atoms 
in the molecule are often formed — 3 Sodium 
amalgam, or zinc and glacial HOAc, reduce them 
to alcohols (Krafft, B 16, 1714 , Tiemann, B 
19, 355) — 4 They combine with NaHSO, 
These compounds are usually soluble in water 
and in alcohol, but insoluble in saturated solu 
tions of the bisulphites Hence by shaking a 
liquid containing an aldehyde with excess of 
such a saturated solution, the aldehyde may be 
completely separated m the form of a crystalline 
compound Irom these compounds the aide- 
hyde may be set free by dilute H SO^ orNa^CO^ 
and may then be distilled with steam (Bertagnmi, 
A 85, 179, 268) — 5 They combine with phenyU 
hydrazine {g v) A solution of phenyl hydra 
zme hydrochloride (1 pt ) and sodio acetate 
(1^- pts ) in water (8 pts ) when added to an 
aqueous solution of an aldehyde or ketone, pro 
duces an insoluble compound, usually an oil 
appearing in drops producing a milkiness, but 
sometimes a crystalline pp These compounds 
are not volatile with steam, but on boiling with 
dilute HCl they are resolved into phenyl hydra 
zine hydrochloride and the aldehyde or ketone 
(E Fischer, A 190, 131 , B 15, 2262) —6 They 
form a silver mirror when heated with cone 
ammoniacal silver nitrate The reduction is 
promoted by adding NaOH (Tollens, B 15, 1635) 

7 A solution of a rosaniline salt, bleached by 
SO2 IS reddened by aldehydes, m the cold 
(Schiff, Z 1867,175, Caro, V Meyer, B 13, 
2342) This test is not infallible (Tiemann, B 
14, 791) , it IS given by aldehyde, paraldehyde, 
propionic, ISO valeric, and cenanthic aldehydes, 
chloral, butyro chloral, acroltin, furfurol, ben 
zoic cinnamic, and furfurciotonic aldehydes, 
furfuracrolein, salicylic aldehyde, cimicic aide 
hyde , it is not given by chloral hydrate, formio 
acid, carbo hydrates, propyl alcohol and higher 
alcohols, pinacone, glycol, the phenols, or qui 
none , a faint colour is produced after some time 
by acetone, and methyl and ethyl alcohols (G 
Schmidt, B 14, 1848) — 8 Alkaline aqueous 
solutions produce a coloration like magenta 
when treated with diazo benzene sulphonic acid 
and a little sodium amalgam Acetone and aceto- 
acetic ether give a dark red coloration without 
the violet shade (Penzoldt a E Fischer, B 16, 
657) — 9 Aldehydes are converted by hydroxyU 
amine into aldoxims 

R CHO 4. HjNOH - R CH NOH + H,0 
(V Meyer, B 15, 1164, 1324, 1625, 2784 , 16, 
822,2992) — 10 w-cZi methyUp phenylenediami'ns 
acts vigorously on aldehydes in alcoholic solu 
tion forming crystalline compounds (A Calm, 
B 17,2938) PhCHO + NHjCaH.NMe,- 
Ph CH N 0,H, NMe2 + H^O 
11 Homologues of acetic aldehyde form orys 
talline compounds with ammonia, R CH(NH JOH 
These are converted by HjS into sulphur bases 
(v p 104,7 9) The aromatic aldehydes are con- 
verted by ammonia mto hydramides 

3Ph CHO + 2NH, - (Ph.CH),N, SH^O 
Some fatty aldehydes, iso bot^o aldehyde 
(Lipp, A 211 344) behave Bixnilarlj Aoroleln 
loses only half its oxygen 

2CaH,0 + NH, - C,H,NO + 
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Primary and secondary bases act upon aldehydes 
with elimination of water The neutial pio 
ducts are split up by HCl into their components 

12 Chlorine forms derivatives by substitution — 

13 PCl^ displaces O by —14 H S displaces 
O by S, forming thio aldehydes, or their poly 
merides — 16 PCI, combines with aldehydes , the 
compounds are converted by water into phos 
phinic acids {q v ) — 16 PHJ forms crystalline 
compounds {v Phosphines) — 17 Aldehydes re 
act with alcohols forming acetals (p ) 

B CHO + 2HOK' = R CH(OR ), + H,0 
Similarly, niercapians form mercaptals (Bau 
mann, B 18, 884) —18 Alkyl chlorides form 
chlorinated ethers {e g CH3CHCI OLt) Alkoyl 
chlorides act similarly (p 105,1 1) — 19 Hydnc 
cyanide combines with aldehydes, forming a oxy 
nitiiles These nitriles gi\e {a) on saponihcation, 
oxy acids, (6) on treatment with ammonia, 
amido nitriles, whence amido acids may be got 
(Tiemann, B 14 1905) — 20 Aldehydes may 
be converted into amido acids by allowing them 
to stand for 30 minutes with a 3 p c solution of 
NH^CN, and then boiling with HCl (Liubawm, 
J R 13, 506) —21 Benzoic aldehyde reacts with 
nitro paraffins thus Ph CHO + H^C(]SO ) CH3 = 
Ph CH C(NOJ CH, 4- H,0 (Priebs, A 225, 319) 
22 Aldehydes condense with aromatic com 
pounds with elimination of H^O and formation 
of tri substituted methanes Thus aldehyde 
and benzene give di phenyl methyl methane , 
benzoic aldehyde and phenol give di oxy tri 
phenyl methane , benzoic aldehyde and aniline 
give di amido tn phenyl metliane —23 In pre 
sence of small quantities of acids, aldehydes 
form red resins when warmed with phenols 
Many of these are converted by excess of acids 
into crystalhne isomerides Thus benzoic aide 
hyde forms with pyrogallic acid pi isms (from 
ether) of C^H , this forms an acetyl den 
vative C^aHj^AcjOa Benzoic aldehyde and resor 
cm form If a few drops of a liquid 

containing an aldehyde be boiled with an alco 
hohc solution of resorcin and a httle HCl, and 
be then poured mto water, a pp is formed 
This may be used as a test for presence of aide 
hydes (Baeyer, B 6, 25 , Michael a Ryder, B 
19, 1388) — 24 In dilute alkaline solution aide 
hydes condense with ketones or other aldehydes 
with elimination of H^O, and production of com 
plicated aldehydes or ketones — 26 For the re 
action between aldehydes and o-di amines v 
AIiDEHTDINES 

Pbbkin’s Synthesis of Unsaturated 
Acidr — Benzoic aldehyde, acetic anhydnde and 
Bodio acetate, heated together form sodic cm 
Hamate 

In this reaction the sodic acetate may be 
exchanged for sodic butyrate or valerate, but the 
product will still be sodic cmnamate hence 
Perkin concludes that the reaction takes place 
between the aldehyde and the anhydride Fittig 
came to the opposite conclusion, viz , that the 
aldehyde acted on the sodium salt and that the 
nature of the anhydnde was immaterial, thus if 
Bo^c Buoomate and acetic anhydnde were used, 
the condensation took place with the sodic buo> 
ornate To this Tiemann (15 16, 2061) objected 
that possibly the acetic anhydnde acting on the 
sndic BUOomate fmmed sodio acetate and sue 
cmic anhydnde and that the latter reacted upon 


the aldehyde Stuart (S 16, 1486) tHm showed 
1 that when sodic nialonate was used ocftideiisa- 
iion took place between it and the benzoio 
aldehyde, although no malonic anhydnde is 
known He also showed that in this case glacial 
acetic acid might be substituted for acetic an- 
hydride According to Fittig, aldol hke condensa- 
tion products are hrst formed, and these, when 
they split off water, give the unsaturated acids 
[A 227, 49) This is shown by the action of 
Bodio iso butyrate on benzoic aldehyde in pre 
sence of isobutync anhydride, when the anhydride 
of the isobutync derivative of j8 oxy ^ phenyl- 
valeric acid Ph CH(OH) CMe^ CO^ (2 
formed , in w hioh there is no H for the OH to 
split off with If NaOAc be used instead *of 
sodium isobutyrate oxy phenyl valeric acid is 
still formed, a result that suppoits Peikm’s 
view (Porkm, C J 49, 317) 

(Enanthol and valeric aldehyde may ba 
substituted for benzoic aldehyde in these syn- 
theses while the sodium salt and anhydride of 
piop onic or 11 butyric acid may be used instead 
of the coriesponding derivatives of acetic acid 
Condensation then takes place in the a position 
PhCHO CH,CH,CO,Na = 

Ph CH CMe CO Na+H,0 
A dibasic acid can unite with one equivalent 
of an aldehyde for each CH CO H contained m 
its formula, the pioduct may then lose HO, 
becoming a lactonic acid or an unsaturated acid 
ALDEHYDINES — This name was formerly 
applied to the base C(,H,,N obtained by heating 
aldehyde ammonia, since shown to be tn methyl 
pyiidme {q t ) The same name has since been 
used by Ladenburg (B 10, 1126 , 11, 590, 1650) 
to derate bases obtained by mixing dilute 
aqueous solutions of aiomatic 0 (but not m or p) 
j di amine hydrochlorides with aldehydes Con 
I densation occurs with evolution of heat , the 


I yield of aldehydme after crystallisation is 60 to 
70 p c of the theoretical C^H^ (NH Jg + 2H CO R =» 
CxHvN^C^R^ + 2H^O Thuso tolylene di amine 
hydrochloiide and benzoic aldehyde give rise to 
CjH^NjCgH^Ph^ tolylene benzaldehydine 

The same body is formed by the action of 
benzyl chloride on anhydro benzoyl tolylene di 
N = CPh 

amine at 160°, / • Hinsberg con- 

Nnh 

eludes from this that its formula is 
^-CJ>h 

y (B 19, 2025) Under the con- 
\N— CHjPh 

ditions of this experiment molecular change is 
more likely to occur than in the usual prepaia 
tion of aldehydines in aqueous solution All 
other considerations point to a symmetiical 
formula , and since in stability and other pro 
perties these bodies resemble the quinoxolines 
it 18 probable that, together with the latter, they 
belong to the class of azmes tolylene benzalde 
.N-CHPh 

hydine would then be | | • Tht 

NN-CHPh 

formula given by Ladenburg is 

’ NN^OHPh 
Phenylane anis-aldehydins 
[129®J Needles Soluble m alcohol Prepared 
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hj shakintf ftnisio aldehyde with an aqueous 
lolution of 0 phenylene diamine hydrochlonde 
B'HOI needles , diffioultly soluble in water 

Phenylene.benzaldehydine 

.N_ CH 

OJIX X [133“-134°] 

NN^ CH0,Hs . 

Six sided prisms Insoluble m water, easily 
soluble in aicohol and benzene 

Pieparalion — (1) By heating o phenylene 
diamine with benzaldehyde (2) By shaking 
benzaldehyde with an aqueous solution of o 
phenylenediamine hydrochloride 
Salts — B'HCl colourless prisms 
(B'HCl)^PtCl^ yellow precipitate B'HNO, 
Slightly soluble prisms B'2H^S04 colourless 
IcfltlGtS * 

Ethylo iodide 0-«,H,eNj(C^s)I [211°-213°] 
iColourless prisms 

Methylo wdide C2oH,aN^(CH3)I Prisms 
Phenylene furfur aldehydine C,aH,^NPj i e 
CH C^HjO 

[95°-96<=>] 

^CHC.HgO 

Colourless crystals Soluble in alcohol and C^Ha, 
with dilhculty in ligroin, insoluble in water 
Prepared by shaking furfurol with an aqueous 
solution of 0 phenylenediamine hydrochloride 
Salts — (B'HClhPtCl^ yellow leaflets 
B'HNOj, slightly soluble needles 

Methylo iodide C,aHi,N,0,(CH,)I [192°- 
196°] Prisms 

Tolylene anisaldehydine C i 


\(2)N- 


CaH,(CH3): 




.(1)N _CH CaH4(OMe) 

V [152°-156°] 

\(2)N^--Xh CaH,(OMe) 

Needles Prepared by the action of anisic aide 
h)de on an aqueous solution of o tolylene 
diamine hydrochloride 

Tolylene benzaldehydiue C^H.aN, te 


.(1)N CH CaA 
CaH,(CH.)< X 


[196 6°] 


Colourless prisms Forms unstable salts with 
acids Prepaied by heating benzaldehyde with 
o tolylene diamine to 140° Yield 45 p c of the 
diamine 

B'HCl + H3O long needles difficultly soluble 
in strong HCl 

Ethylo iodide [180°-181°] Needles or pnsms 
( + ^HoO) Soluble in water With iodine it 
foims a periodide C^,H,sN2(C3H5)Is [123^] 

Gives a strongiy alkaline solution with Ag O 
which on neutralising with HCl and adding 
PtCl4 gives a crystalline platino chloride 
(C^aH^ACl) PtCl4 

Methylo wdide [209°] Thin white needles 

Phenylene-benzaldehydine carboxylic acid 

• (l)N--CHCaH3 

C„H,aNA»« COAC.H,<^ X 

\(2)N^CH CaA 

Prepared by the oxidation of tolylene benz 
aldehydme with KMnO^ Is not altered by 
heating with HCl to 200° 

Salts A'Ag white precipitate A'^Ca diffi 
eultly soluble needles 

Tolylene-furfaraldehydine 

.(1)N_CHC4H.0 
C„H,AO.i^CA(CH,)<' V 

\(2)N'^CH C.H.0 


[128^°] Thin white pnsms Easily soluble ip 
alcohol, ether <fec , with difficulty in cold ligrotn 
Preparatwn — (1) By heatmg furfurol with 
o tolylenediamine (2) By adding furfurol 
(20 pts ) to a solution of 0 tolylenediamine 
hydrochlonde (20 pts ) in 80 pts of water , on 
standing the hydrochloride separates out and is 
purified by crystallising the base repeatedly 
from ligroin , yield 66 p c of the theoretical 
Salts B'HNOg needles BaH^SO^ prisms 
(B'HCl)2PtCl4 yellow crystals 

Methylo wd^e [195 6°] Leaflets Diffioultly 
soluble in water , bitter taste , powerful poison 
Methylo chloride leaflets , easily soluble in 
water Powerful poison 

Methylo tnwdide C,7H,4N202(CH3)Ij [126°- 
128°] Light brown needles 

Methylo pentwdide C„H,4N202(CH,)l5 [109°] 
Steel blue pillars 

^ ALDEHYDO BENZOIC ACID 0^0, te 

C H4(CH0)(C02H) [c 24b°] Forraid by caiefiil 
oxidation of terephthalic aldehyde withchiomic 
mixture (Low, A 231, 305 , B 18,047) Needles 
(from water) Small needles when sublimed 
M sol ether or chloroform, si sol hot water 
Salt — AgA' Ether — EtA' Shows charac- 
ters of benzoic aldehyde 

Reactions — 1 Does not reduce ammoniacal 
AgNOs Its ethyl ether, however, reduces am 
moniacal AgNOg -2 Does not give Peikin’s 
reaction with NaOAc and Ac 0 —3 With ZnCl^ 
and alcoholic NPhMe^ it forms the zinc cai boxy- 
late of leuco malachite green, [147°] 

Phenyl hydrazide [226°] 
p Aldehydo nitro benzoic acid 

( 2 ) ( 1 ) ( 4 ) 

C H,(N02)(CH0)C0 H Nitio terephthalic aide 
hyde acid [lbO°] Large four sided prisms. Easily 
soluble in alcohol and ether, sparingly in chloio 
foim Formed by nitration of aldehydo ben- 
zoic acid 

With acetone it gives the indigo reaction 
(Low, B 18 948) 

ALDEHYDO CINNAMIC ACID v Cinnamic 

ACID 

ALDEHYDO NAPHTHOL v OxT naphthoic 

ALDLHYDE 

aldehydo OXY ACIDS Got by heating 
aromatic oxy acids with chloiofoim and aqueous 
NaOH (Tiemann a Beimer, B 9, 12G8) 
C,H4(ONa)CO Na + 3NaOH + CHClg = 

C„H3(C0H)(0Na)C02Na + 3NaCl + 2^0 
The COH takes either 0 or p position towards 
the hydioxyl 

ALDEHYDO OXY BENZOIC ACIDS CgH.O^ 
m Aldehydo salicylic aoid 
C«H,(OH)(CHO)(C02H)[1 4 2] [249°] S 7 at 
100° , 038 at 25° 

Preparatwn — Salicylic acid (14 pts ), NaOH 
(25 pts ), water (50 pts ) and chloioform (16 pts ), 
aie boiled for some hours, the product dissolved 
in water, and acidified with HCl A yellow 
pp IB formed and is exti acted with ether The 
ethereal solution is shaken with aqueous 
NaHSOs , this solution, when boiled with dilute 
deposits a crystallme pp consisting of the 
(1, 2, 6) acid , the (1, 4, 2) acid remaining in tiie 
solution, fiom which it may be extracted by ethef 
(Tieraann a Beimer, B 9, 1268 , 10, 1663) 
Properties — Long delicate vellowish needles, 
y sol ether or liut ^oohol, > si sol chloroform. 
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Fe./;J1^ turns its aqueous solution cherry-red 
Decomposes Na^CO* Combines with NaHSOj, 
Keduced by sodium amalgam to oxy methyl- 
eahoylic aoidi CaHs(OH)(CH OH)CO H (Iteimer, 
B 11, 791) Distillation with lime yields p oxy- 
berzoio aldehyde Potash fusion gives oxy iso- 
phthalio acid The copper salt dissolves in 
NHjAq and is not precipitated by boiling 
Hydroxylamine converts the acid into its ox%tn, 
C«H,(OH)(CHNOH)CO;S aq This aldoxim 
salicylic acid is si sol water, [179°] (Furth, B 
16, 2182) 

Aldehydo salicylic acid 

C«H,{OH){CHO)COiI aq [1 2 6] [179°] S 66 
at 100° , 066 at 24° Delicate needles Prepared 
as above Aqueous solution turned yellow by 
NaOH and red by Fe^Cl^ Alcoholic solution 
shows blue fluorescence Decomposes Na CO,Aq 
Combines with NaHSO,, Distillation with lime 
gives salicyhc aldehyde Deduced by sodium 
amalgam to (1,2,6) oxy methyl salicylic acid, 
C,H,(OH)(CH,OH)CO H [142 ] Potash fusion 
gives an oxy iso phthalic acid The copper 
salt dissolves in NHjAq but is ppd as CuC^H^O^ 
on boilmg , this difference fiam the (1,4,2) 
acid may be used in their separation Hydioxyl 
amine converts this acid also into an oxim 
C„H3(0H)(CH NOH)CO H, [139°], which forms 
yellowish needles, soluble in hot water 
Aldehydo m oxy benzoic acids 
CA(OH)(CHO)CO^ [1 2 5], [234°] and 

[1 4 or 6 5] These two acids are foimed in the 
same way as the aldehydo salicylic acid, fromw- 
oxy benzoic acid, CHClg and NaOH Easily sepa 
rated by water, the (1,2,5) acid being only slightly 
soluble in boihng water, the other acid being 
an excessively soluble syrup The (1,2,5) acid 
forms white needles, v sol alcohol or ether, 
combines with NaHSOj, has soluble Ba and Ca 
salts, and on oxidation produces oxy terephthalic 
acid The other acid reduces Fchlinq s solution 
with great readiness, and has a soluble silver salt 
(Tiemann a Landshoff, B 12, 1334) 

Aldehydo p oxy be azoic acid 
C«H,(OH)(CHO)COJI[l 2 4] [244^] 
Formed as above from p oxy benzoic acid, 
CHClj, and NaOH Thin yellow pnsms (from 
water) Subhmes m long white needles SI 
sol water or CHCI3, v sol alcohol or ether 
Aqueous solution turned yellow by NaOH, brick 
red by Fe^Cl^ Decomposes aqueous Na^CO, 
Combines with NaHSO, Its calcium salt yields, 
on dry distillation, salicylic aldehyde Keduced 
by sodium amalgam to oxy methyl p oxy benzoic 
acid C«H,(0H)(CH30H) CO,H, [270°] 

o ALDEHYDO PHENOXY ACETIC ACID 
te [1 2] C,H,(COH) 0 CHj CO H 
Aldehydo phenyl glycollic acid [132°] Formed 
by the action of chloro acetic acid upon sodio 
sahcylic aldehyde Subhmable Yellow plates 
V sol hot water, alcohol, and ether , v si sol 
cold water By boiling with acetic anhydride 
and sodium acetate it 1* converted mto couma 
rone — ^A'Ag large whit^meedles 
Bisulphite CA{OOH, OO^H) CH(OH)OSOjNa 
White crystals \ 

Ethyl ether — ATlt [114^ , needles , v sol 
alcohol and ether, msol watA 
Phenyl-hydraztde \ 

O.H^(OCH, 00^ CH NjHqUa, To 105°] , 
eryetaUine powder SoL alooh^ and ether, il 


sol benzene, msol water By gently warming 
with H SO4 it 18 converted into a bluish green 
oolouiing matter, (C^H^NO,)* [108°] This body 
may also be got by heating chloro acetic acid 
with the sodium compound of the phenyl hydra 
zide of salicylic aldehyde It is a glistening 
black powder, msol water, ether, benzene and 
chloroform but dissolving in alcohol with a deep 
bluish green colour, and m alkalis with a red 
colour JSossing, B 17, 2988) 

Oxtm C.HdCH NOH) O CH CO,H [138°] . 
white plates, v sol water, alcohol, and ether 
(Elkan, B 10, 30ol) 

Bromo aldehydo phenoxy acetio acid 
CoH BrO^ [lb3°] Formed by the action of 
bromine water upon 0 aldehydo phenoxy swetic 
acid € H,(CHO) OCH CO H (Dossing, B x7, 
2902) White silky needles Easily soluble m 
alcohol, ether and chloroform, sparingly ir 
benzene, nearly insoluble in cold water 

in Aldehydo phenoxy acatio acid [148°1 
Prepaied like the o compound Bromine water 
gives a pp of C H BrO, [1’>4'^J — AgA' 

Ether EtA [c 120°] 

Oxini [14 >°] large pointed needles 
Phenyl hydrazide [c 140°] needles 
p Aldehydo phenoxy acetic acid [198°] 
Prepared in the same way as its isomerides 
Small plates (from hot water) Br gives C^H^BrO, 
[185°] -^gA' 

Oxim [163°] slender needles 
Phenyl hydrazide [159°] Slender 
needles 

ALDEHYDO-OXY I80PHTHALIC ACIDS 
CeH,0, 

(a) C,H,(CO H),(CHO)OH[1 3 5 6] [265°] 

Formed by boiling (a) oxy iso phthalic acid 
(1 pt ), \Mth KOH (1^ pts ), water (3 pts ), 

I and chloroform (1^ pts ) for 5 or 6 hours It is 
I isolated bv means of its bisulphite compound 
(Deimer, B 11, 793) It forms white felted 
needles &1 sol cold water, v sol hot watei 
Its alkaline solutions aie yellow with green 
fluorescence Fe Cl gives red colour Ag^A ' aq 
(i9) C,H (CO H),(CHO)OH^aq[l 2 3 5] [238°] 
Formed as above fiom (iS) oxy iso phthalic acid 
(D ) It forms long slender needles Its alkaline 
solutions are colourless 

(Py 3) ALDEHYDO QUINOLINE 
/CH CH 

C.oH,NO le CeHX I [71°] 

C(CHO) 

Monoclimc tables Easily soluble in alcohol 
and benzene, sparingly m water and cold petro 
leum ether Formed by oxidation of quinol}! 
acrylic acid with KMn04 It reduces ammo 
niacal AgNO, 

Phenyl hydrazide 0,gH,jN, [195°-198°'' , 
yellow plates (Miller a Spady, B 18, 3404 , 19, 
130) 

ALDEHYDO VANILLIC ACID CAO, le 
C3H2(OH)(OMe)(CHO)(CO,H)[l 2 6 4] [222° 
Formed, together with vanillin by boiling 
vaniDic acid with NaOH, water, and chloroform 
^lemann a Mendelsohn, B 9, 1278, 10,3^5) 
Silky yellowish needles (from water) V sol 
alcohol or ether, v si sol cold water Decora 
poses Na.^CO,Aq Unites with NaHSO, 
Aqueous solution is coloured yellow by NaOH, 
red by FegOlf Does not reduce Fehlmg’s soiu 
tiou 
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yiethyl Ether C,H,(OH)(OMe)(CHO)(CO,Me) 
[185®] Yellow needles Sol Na.CO.Aq 
Methyl derivativ e 

C,Ha(OMe),(CHO)CO,H [211®] Formed, to 
gether with preceding, by heating aldehydo 
vaniUic acid with Mel, KOH, and MeOH Slender 
needles (from water) Form| colourless solution 
with NaOH, and gives no colour with Fe Cl^ 
Combines with N aHSOg Is isomeno with opianic 
acid 

Methyl etUr 0,H2(0Me),(CH0)(C0,Me) [99®] 
Slender needles (from water) Insol NaOHAq 
ALDOL t e CH, CH(OH) CH, CHO 

$ oxy hutyno aldehyde (o 90°) at 20 mm 
SG e 1208, 1094 /tto 1 458 

Formation — 1 By polymerisation of aide 
byde under the influence of solutions of HCl, 
ZnClj, or alkaline salts, or of dry K^COg but not 
^Na.,COa (Wurtz, C R 74, 1361, 76, 1165, 
Michael a Kopp, Am 5, l8o) 2 From a crotonic 
aldehyde and dilute HCl at 0° (Wurtz, Bl 42, 
^286) 

Preparation — Aldehyde (2 kilos), water 
(2 kilos), and HClAq (2 kilos), are mixed and 
left for three days at 15® When the mixture 
has become yellow and has nearly lost the 
smell of aldehyde, it is neutralised with solid 
Na^COglOaq and extracted with ether The 
ether is distilled off, and the residue rectified in 
vacvo Fair yield (495 g ) (Wurtz, C R 92,1438) 
Theory of the Procesi> — 

CH, CHO + HCl = CH, CH(0H)C1 
CHg CH(OH)Cl + CHg CHO = 

CHg CH(OH) CH, CHO + HCl 
The condensation may also be explained thus 
CH, CHO + H,0 = CH, CH(OH), 
CHgCHiOH) +CH,CHO 
« CH, CH(OH) CH, CHO + H O 
Properties — A viscid liquid In the course 
of an hour its temperature rises greatly, owing to 
polymerisation The product is still more viscid 
Aldol has an aromatic and bitter taste, mixes 
with water and alcohol, sol ether 

Reactions — 1 Gives pp of Cup with 
Fehiing's solution — 2 Gives silver mirror with 
ammoniacal AgNO, — 3 At 135° splits up into 
Hp and crotonic aldehyde {q v ) braall quan 
titles of ISO di aldane {v Aldan e) and di aldehyde 
{q V ) are also formed The same decomposition 
takes place when heated with glacial HOAc — 

4 Nitric acid forms aldehyde, oxalic acid, &c — 
6 Moist silver oxide forms $ oxy butyric acid 
6 Sodium amalgam in neutral solution re 
duces it to di oxy butane [q v ) — 7 Gaseous 
HCl at 10° 18 absorbed, forming a thick oil —8 
With acetic anhydride at 100° for three days, aldol 
forms an oil separated by distillation into C,H,P, 
(o 100°at20mm )audCgH,p^(c 165°at20mm) 
The former is perhaps CH, CH(OAc) CH, CHO, 
but the latter is probably a derivative of crotonic 
aldehyde, CH, CH CH CH(OAc), (Beilstem, Bn 
1, 786) 

Paraldo^C^Hp,), [c 80°], (o ^b°)in vcuruo 

5 (alcohol) 2b at 25° S (ether) 5 at 22° 
^Deposited as crystals from aldol that has 

been kept several weeks (Wurtz, C R 83, 
266) 

Tnclinio pnsms (from alcohol) Sol water 
Partly converted by distillation in vacuo into 
aldol Converted by moist AgP into 3-oxy 
butyric acid. 


Di aldehyde C^Hp^ (?) (170°) at 16ium 

(280°) at 760 mm S G 2 1 Q96 V D about 
8 Formed by heating paraldol in sealed tubes 
for four hours at 170° Colourless liquid SoL 
water 

Reactions — 1 Sodium amalgam forms di 
oxy butane, CH, CH(OH) CH^ CHpH -2 Acetyl 
chloride gives off HCl and foims an acetyl den 
vative BzCl behaves similarly — 3 PCI, gives 
off HCl — 4 Does not combine with cold bro 
mine — 6 Acp at 100°-110° forms a liquid 
(176°) at 16mm , (276°) at 760mm , S G 2 1 095, 
insol water, but saponified on heating with it in 
sealed tubes for some days It would appear to bo 
CH, CH(OAc) CHj CH, 0 CO CH CH(OAc) CH, 
or di acetylated oxy butyl oxy butyrate (?) 
(Wurtz, C R 97, lo25) 

Di aldehyde may perhaps be di-oxy tetra 

methylene, CH(OH)<;^][^>CH(OH) 

ALDOL AMMONIA Cpp.NH, Obtained 
in a crystalline condition by passing NH, at 0° 
into aldol dissolved in ether It melts when 
gently warmed, and is soluble in water (Wurtz, 
C R 76, 1166 , 88, 940, 1154) \\hen distilled 
in a current of NH„ it forms tri methyl pyridine 
(aldehydme), a base ChH„NO (160° at 20 mm) 
and apparently another, C^HigNO^ By heating 
aldol with aqueous NH, at 140°-180°, tn cro 
tonylene amine C, 2 H 2 ,N 4 (q u ) is formed 

ALDOXIM C,H,NO le CH, CH N(OH) 
(116°) Colourless fluid Miscible with water, 
alcohol, and ether Formed by the action of an 
aqueous solution of hydroxylamine on aldehyde 
By acids it is resolved into its constituents 

Paraldehyde and metaldehyde do not form 
oxims (Petraczek, B lo, 2784 , 16, 829) 

ALDOXIMS Aldehydes react, even in the 
cold, with hydioxylamine in aqueous solution 
For this purpose an aqueous solution of 
hydroxylamine hydrochloride is exactly neutrai 
ised with 10 p c NaOHAq (V Meyer, B 15, 
1526) The aldoximsare liquid, soluble in ether, 
and differ from hydroxylamine in not reducing 
Fehling’s solution Boiling HCl splits them up 
mto the aldehyde and hydroxylamine 

R CH N OH + H20 = R CO H ^ H^N OH 
The various aldoxims are described under the 
aldehydes from which they may be formed 
Aldoxims are converted by AcCl into nitriles 
R CH N OH + AcCl = R C N ^ HCl + AcHO 
In this respect they differ from ketoxims, 
which form acetyl derivatives, R'RC N OAc, 
An exception is terephthaho aldoxim, converted 
by AcCl into CaH 4 (CH N OAc )2 (Westenberger, 
B 16, 2996 , Lach, B 17, 1671) On the other hand, 
ketoxims of the form RR'CH C^OH) CHR'R'", 
such as di isopropyl ketoxim PrjC N OH, and 
camphor oxim, are converted by AcCl into an- 
hydrides, by abstraction of water (V Meyer, 
B 19, 1613) 

Aldoxims are readily reduced, in alcoholic 
solution, by means of sodium amalgam and acetic 
acid to the corresponding ammes (Goldschmidt, 
B 19, 8232) 

ALIZARIN V Di Oxt anthraquinonk 
ALKALI {Arabic ^ the ash) This term waa 
onginally apphedto the ashes of sea plants, but it 
was soon extended to mclude substanoes which, 
like the ash of sea weed, easily dissolved in 
water, forming solutions which had a soap like 
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actiuD on the s'^in, affected the colour of many 
plants, and reacted with acids with effeivescence 
and the production of new substances wherein 
neiiher the properties of the acids nor those of 
tiie alkalis were prominent Van Helmont and 
hiS successors recognised two kinds of alkali, 
fixed and volatile, Duhamel, in 17Sb, divided 
fixed alkali into two classes, vegetable (potash), 
and mineral alkali (soda) Little or nothing was 
known regarding the composition of alkali until 
the year 1755, when Black (on the occasion of 
graduating as M D at Edinburgh) published his 
dissertation on ‘Magnesia Alba, Quicklime, and 
other Alkaline Substances ’ Magtie'na alba 
dissolved in acids with effervescence, but alter 
being strongly heated no effervescence attended 
the solution of this alkali The notion of Basil 
Valentine (end of 15th and beginning of Ibth 
centuiy), that lime when burnt combined with 
‘matter of fire,’ had been accepted by many as 
an explanation of the difference in the behaviour 
towards acids of burnt and unburnt lime If 
this explanation applied to magnesia it should be 
possible perhaps to get hold of this ‘ matter of 
file,’ which combined with the macfnesia alba 
when that body was heated But Black found 
that a given mass oi magnesia alba weighed more 
than the calcined magnesia obtained from it 
HeAce something was lost instead of gained 
during the process of heating This something 
proved on further quantitative examination to be 
a gas different from common air , to it Black 
gave the name of Jixed air The effervescence 
or non effervescence of alkalis with acids was 
proved by Black to accompany the presence or 
absence of fixed air (carbonic acid) From this 
time a distinction was clearly drawn between 
alkalis, which dissolved in acids without effer 
vescence, and carbonated alkalis, the solution 
of which m acids was accompanied by the escape 
of carbomc acid gas It was recognised that 
whether a caustic or a carbonated alkali were 
dissolved in an acid, the body which remained 
in solution, and which had no close resemblance 
either to the acid or the alkali, was one and the 
same 

The properties of the alkalis were supposed 
by the oldei chemists to be due to a ‘principle of 
alkalinity,’ or sometimes to a ‘ principle of salt 
ness,’ which latter principle was common to 
acids, alkalis, and the products of their mutual 
action, t e salts Closely allied to, and some 
times regarded as identical with, the alkalis, was 
the group of earths These bodies were known 
to neutralise acids and affect colouring matters 
like alkalis, but they were much less soluble m 
water than the alkalis It was taught by some 
chemists that an alkah is hidden in every earth, 
and by others that an alkali is an earth refined 
by the presence of acid and combustible matter 
Black’s exact quantitative investigations tended to 
disparage all such explanations as these , but it 
yet remained to find the precise composition of 
the alkalis and the earths Lavoisier thought 
that these bodies must be compounds , but, as he 
had no means of proving this, he classed them 
with the elements, while suggesting that the 
earths were probably compounds of oxygen with 
unknown metals In 1807 Davy decomposed 
two alkalis, potash and soda, by passing an 
•leetnc current through these substances when 


molten , and a year later he succeeded, by the 
same agency, in separating the eaithv bodies 
lime, baryta, and strontia, mto oxygen and, in 
each case, a metal 

The name alkali is now generally applied to 
the compounds of hydrogen and oxygen with one 
or other of the ^ve metals, lithium, sodium, 
potassium, rubidium, caBsium {v Alkalis, Metals 
OP the) , an aqueous solution of ammonia is 
also legarded as containing an alkali, viz a com 
pound of hydrogen and oxygen with the radicle 
ammonium {v Ammonium compounds) The 
alkalis are classed with the hydroxides, i e com 
pounds of hydrogen and oxygen with a third 
element, rather than with the hydrates, t e 
compounds of water with an oxide or a salt (u 
Hydrates) The general formula of the alkaiia 
IS written MOH rather than M OH^O , M Li, 
Na, K, Cs, Rb, or NH^ The alkalis are veiy 
soluble in water, these solutions neutralise acids 
forming salts and also precipitate most of the 
Jieavy metals from their solutions in the foun 
of oxides or hydrated oxides, aqueous solutions 
of the alkalis act corrosively on animal and 
vegetable substances, and also alter the tint of 
many colouring matters When moist, the 
alkalis, with the exception of ammonia readily 
combine with carbonic acid to form carbonates 
Lithia IS much less Boluble in water than tlie 
other alkalis The solid alkalis are not de- 
composed by the action of heat alone 

M M P M 

ALKALI BLUE v Phenyl rosamlinb bul- 

PHONATE or SODA 

ALKALIMETRY — The estimation of alkalis 
by volumetric methods, v Analysis 

ALKALINE EARTHS, METALS OF THE 
— Calcium, Strontium, Barium — Certain sub 
stances, more or less alkaline m their properties, 

I but differing from alkali chiefly in being m 
soluble in water, were known from early times, 

' these substances were called earths After a 
j time some of the earths were found to dissolve 
i in water, although to a less extent than alkalis, 

1 these comparatively soluble earths were se 
, paiated from the others and classed together as 
' the alkaline earths The best known alkaline 
earth is lime , this substance was long con 
Bideied identical with baryta and strontia, but 
in 1774 Scheele proved that baryta was different 
from lime, and in 1792 Hope distinguished 
strontia from the two other alkaline earths 
After decomposing the alkalis potash and soda, 
Davy applied the agency of electricity to the 
three substances just named, and in 1808 he 
succeeded in separating each into oxygen and a 
metal Davy made his experiments quantita 
tive , he also synthesised the three alkaline 
earths from oxygen and the metals he Jiad 
himself discovered , thus he proved the alkaline 
earths to be metallic oxides The metals cal 
cium, barium, and strontium were not obtained 
in a state of approximate purity until 1855 
The metal magnesium is sometimes classed 
with calcium, barium, and strontium, but, «on 
the whole, it seems better to place magnesium 
with zinc and cadmium {v p 114, also Maonb- 
siuM Gaoup OP Metals) 

Some of the pnnoipal data regarding the 
metals of the alkaline earths are preeented in 
the following tables. 
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Calcium 

Strontium | 

Barium 

Atomic weights 

89 9 

87 3 1 

136 86 


No compounds gasified Combining weights determined , and most probable formulfls of 
oxides and chlorides deducted from considermg analogies with other oxides, &o Moleoular 
weights unknown 


Melting points 
(data uncertain) 
Specific gravities 
(approximate) 
Specific heats 
Atomic weight 
Spec grav. 


rM,Cl*,Aq] . 
[M,Br ,Aq] • , 

rM,I^Aq] . 

[M,0 Aq] 

[M,O^H^Aq] < 

[MCP,6H'’0] . 
[MBrSfiH O] . 

[MO.HjO] . 

fMOAq.H’SO^Aq] 
fMOAq,H CPAqJ 
[MOAq,H N O-Aq] 


high red heat 

moderate red heat 

above strontium 

above banum 

1 58 

25 

017 

not determined 

25 3 

34 9 


below red heat 
8 76 

not determmed 
36 6 


Heats of formation in aqueous solutions (Thomsen). 
(1) Of haloid salts 


187,600 1 

195,700 

165,800 

173,800 

135,000 1 

143,400 

(2) Of oxides 


149,260 1 

157,780 

(1) Of hydroxides 

217,620 1 

226,140 


Heats of hydration (Thomsen). 
(1) Of haloid salts 


21,750 

18,640 

25,600 

23,330 


196,800 

174,900 

144,500 

158,760 

227,120 


[BaCP,2H’0] 

7,000 

IBaBrS2H*0] 

9,110 


(2) Of oxides 

15,540 I 17,700 

Heats of neutralisation of oxides in solution (Thomsen) ; 
“ I 31,150 


I 


} 


31,150 

27,640 


27,640 


22,260 

81,150 

27,640 



Calcium 

Strontium 

1 Barium 

Malleability^ co 
lour^ <&o 

Very ductile, but when 
hammered becomes brit 
tie , whitish yellow , 
hardness about same as 
lead 

Ductile and malle 
able , colour re 
sembles calcium 
but clearer, harder 
than lead 

Somewhat ductile , 

gold yellow colour 

Wave lengths of 
mostcharacteris 
tic lines in spectra 

Ca^ (yellow) 5588 

H (violet) 3969 

K ( do ) 3933 8 

Sr, (blue) 4604 

Bay (yellow) 5538. 

Chemical proper 

ties. 

Quickly oxidises in moist 
air , decomposes cold 
water rapidly , heated 
to redness in air, burns 
without smoke , readily 
combines with Cl, Br, I, 
P, and S, at high tern 
peratures 

Closely resembles 
calcium , deoom 
poses water more 
rapidly. 

Besembles calcium , 
bums when heated in 
0~H flame. 

Occurrence and 
preparation, 

• 

i 

Very widely diffused in 
rocks, waters, plants, and 
animals, as carbonate, 
sulphate, phoBphate,and 
silicate prepared by 
electrolysis of mixture 
Ca01a,Sr01„and NH,01 

1 

Not very widely dif 
fused, oocnrs as 
carbonate and sul* 
phate m rocks, and 
waters , prepared 
by electrolysis of 
fused SrOl,. 

Not very widely diffused, 
occurs as carbonate, 
sulphate, and sili- 
cate, m rocks, waters, 
and certam plants 
prepared by ^eotro 
lysis of Bad. mixed 
with NH^OL 


VoL. L 1 
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ALKALINE EARTHS, METALS OF THE 


Omerdl Formulce and Cha/racter of Salts 
MO, MOj, MO^, MS, MS^H, MX,(X = C1, 
Br, I, F, ON), MSO 4 , M2NO„ MCO 3 , Ac , where 
M = Ca, Sr, or Ba MO decomposed by heat 
Salts for the most part white , no great tendency 
to form double salts , polysulphides known, 
brS^CH^O and Bab^H^O, in definite crystals 
Oxides and hydroxides markedly basic , latter, 
except that of Ba, decomposed by heat alone 
into oxides and water , almost all similar salts 
isomoiphous, many salts isomorphous with cor 
responding compounds of Mg, e g carbonates , 
most, with corresponding compounds of lead , 
MO and MO^^ not very soluble in water, solu 
bility increases as atomic weight of metal m 
creases , MClj and MBr^ easily soluble, solubi 
lity decreases as atomic weight of metal increases , 
CaSO^ very slightly soluble (S 272 at 38°), 
SrSO^ nearly insoluble (S 01 at 100°), BaSO, in 
soluble CaCO, slightly soluble (S 1 13 at 100°), 
SrCOj and BaCOg nearly insoluble Nitrates all 
soluble, solubility decreases as atomic weiglit of 
metal increases , Ca2N08 S 93 1 at 0° Sr 2 N 03 
S 64 9 at 10 ° BaiNOg S 7 at 10° 

These data show that the metals of the alka 
line earths differ from the alkali metals (com 
pare data for latter on p 115), the former are 
not BO readily oxidised as the latter , the heats 
of formation of the oxides of the alkaline earth 
metals are smaller than those of the alkali metals, 
the hydroxides of the alkali metals cannot, but 
the hydroxides of the alkaline earth metals ex 
cept that of Ba can, be sepaiated into oxides and 
water by the action of heat alone The alkali 
metals are specifically lighter than those of the 
alkaline earths , the composition of the oxides 
and chlorides of the foimer is represented by 
formulfiB containing two atoms of metal to one 
of oxygen or two of chlorine, while that of the 
corresponding salts of the latter is represented 
by formulcB containing one atom of metal to one 
of oxygen or two of chlorine The salts of the 
alkali metals, as a class, are much more soluble 
in water than those of the alkaline earth metals , 
the hydroxide, carbonate, and phosphate of 
lithium are, however, considerably less soluble 
than the corresponding salts of the other alkali 
metals {v Alkalis, Metals of the, p 115) A1 
though magnesium forms the oxide MgO, the 
chloride MgCl^, and the sulphate MgSO^, salts 
analogous in composition to the oxides, chlorides, 
and sulphates of the metals of the alkaline earths, 
nevertheless this metal is clearly cut off from 
these by the followmg, among other, character 
istics The heats of formation, in aqueous solu 
tions, (1) of the haloid salts of Ca, Sr, and Ba, (2) 
of Mg, Zn, and Cd, indicate the existence of two 
groups, m the first of which (Ca, Sr, Ba) the 
value of the reaction increases, and in the second 
of which (Mg, Zn, Cd) the value of the reaction 


H 


[3£,Br*,Aq] 

[M, P,Aq} 

Ca • . 

187,600 

166,800 

136,300 

8r • • 

196,700 

173,800 

143,400 

Ba* • • 

106,300 

174,400 

144,000 

Mg • • 

186,900 

165,000 

134,600 

Zn m • 

112,800 

90,900 

60,600 

Cd . . 

96.300 

74,400 

44,000 


decreases, as the atomic weights of ^ the metali 
increase The data are from Thomsen 

Magnesium is scarcely oxidised in ordinary 
air, it does not decompose cold water , nor does 
it combine so readily with the halogens as the 
metals of the alkaline earths do The spectrum 
of magnesium, as produced in the electric arc, is 
marked by a senes of triplets alternately sharply 
marked and diffuse, and dimimshmg in bnght 
ness towards the more refrangible side , the 
spectra of barium and strontium show no trip- 
lets, but a senes of lines only , the spectrum of 
calcium is marked both by lines, perhaps homo- 
logous with those of barium and strontium, and 
also by well marked triplets (Livemg and Dewar) 
Magnesium sulphate is very soluble in water, 
tins salt, and also the carbonate and chloride, 
readily combines with salts of the alkali metala 
to form double compounds Magnesium oxidr 
IS scarcely if at all soluble in water , the forma- 
tion of the hydroxide by the action of water 
on the oxide is attended with the production of 
very little heat [MgO, H OJ = (approx ) 3,000 
(Thomsen) 

The mutual relations of the two groups of 
elements — the alkaline earth metals and the 
magnesium metals —are suggested by the posi 
tion they occupy in the classification based on 
the periodic law {q v ^ v also Classification) 
Both belong to Group II , but Ca, 8r, and Ba 
occur, along with Be, in even senes, and Mg, Zn, 
and Cd, along with Hg, in odd series, of that group 
The metal beryllium exhibits analogies both with 
the alkaline eaith, and with the magnesium, 
metals , it is one of those elements called ‘ typi 
cal ’ by Mendel6eff {v Beryllium) For accounts 
of the metals of the alkaline earths and their 
binary compounds t the articles Barium, Calcium, 
and Strontium , and for the other salts of the 
metals v Carbonates, Nitrates, Sulphates, &c 
M M P M 

ALKALIS, METALS OF THE (Lithium, 
Sodium, Potassium, Bubidium, Caesium )— The 
history of the name alkali has been briefly 
traced in the article under that heading The 
alkalis potash and soda were decomposed by 
Davy in 1807 , lithia (discovered by Arfvedson 
m 1817) was decomposed by the same chemist 
about 1818, csesia and rubidia were discovered 
by Bunsen and Kirchoff m 1860-01, rubidium 
being obtained in the same year by Bunsen, by 
electrolysing the chloride , approximately puie 
caesium was not prepared unt 1 1882, in which 
year Setterberg obtained the metal by electro- 
lysmg the double cyanide of caesium and barium 
The more important properties of these metals 
and of their principal salts are presented in the 
tables on the next page and page 116 

Thermal values of reaction with water — ^^Than 
an alkali metal reacts with water an alkaline hy- 
dromde is formed and dissolved, and hydrogea 
IB evolved , thus — 

+ xE^O « 2MOHAq + {x-2)E^O + H, 

This reaction would be expressed in the notation 
of thermal chemistry thus — 

[M^2H20] - - 2[H^O] + [M^O^H^Aq]. 

The value of 2[H*,0] is !f.86,720 gram units 
when H^O represents 18 grams hquid water , 
when the value of ,AqJ considerably 
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• 

• 

Lithium 

Sodium 

Potassium 

Rubidium | 

C^IUM 

Atomic weights 

7 01 

23 

39 04 

85 2 ' 

132 7 


No compounds gasified Combining weights determined , and most probable formulse of 
oxides and chlorides deduced by chemical methods from considering smallest masses of these 
salts whioh take part m chbnuoal changes Molecular weights unknown 


Melting points 
Specific gravities 
Specific heats 
At omic weight 

Spec grav * 



180° 

95° 5° 

68°-62° 

0 

00 

CO 

0 

1 

0 


0 59 

0 98 

0 87 

162 

188 

. 

0 94 

0 29 

017 

not determined 

not determmed 

• 

119 

23 5 

44 9 

661 

70 6 


Heats of formation in aqueous solutions (Thomsen) 
(1) of haloid salts 


[M’,Cl’,Aq] . 

204,600 

193,000 

202,300 

— 


pVI‘',Br-',Aq] , , 

182,600 

i 171,200 

180,500 

— 


[MSP,Aq] . . 

162,200 

140,600 

160,000 

— 

— 


(2) 

Of oxides and hydroxides 



[M ,0,Aq] . . 1 

1 166,500 1 

155,300 1 

1 164,600 1 


1 

[M ,OSH ,Aq] 1 

1 234,900 1 

223,600 

1 232,900 I 


1 — 

Heats of neutralisation of oxides in solution (Thomben) 


[M'’OAq,H SOAq] | 

31,150 

31,150 

81,160 1 


— 

[M OAq H Cl Aq] 1 
[M OAq,li N 0‘'Aq] I 

27,640 

27,640 

27,640 


— 


exceeds 130,720, we should expect the metal M 
to decompose liquid water Thomsen has deter- 
mined these values — 

M [M^O ,H Aq] 

M-L 12 234 900 

Naj 223,000 

K, 232,900 

General formuke and cliaracters of salts — 
M 0, (M 0„ M OJ, MOH, M S, (M M S^), 
MbH, MX(X=C1, Br, I,F, CN), M SO„MHSO„ 
MNOg, M^COg, MHCOj, &c , where M = Li, Na, K, 
Kb, or Cs No oxides or sulphides of Kb and 
Cs have been prepared in a state of purity 
L12O IS the only oxide, and Li S the only sul 
phide, of Li known with certamt> Na^O^ and 
K are very stable towards heat, but quickly 
decompose in moist air, giving off oxygen and 
forming NaOH and KOH Salts for the most 
part white, and very soluble in water , but 
LiOH is much less soluble than the other hy 
droxides, and Li^COg and LigPO^ than the other j 
carbonates and phosphates — (Li^COj, S 769 
at 13°, S 778 at 100° , LigPO,, 8 04 at 18° [ap 
prox ] ) Chlorides, except LiCl, form many 
double salts with chlorides of heavy metals, e g 
M^PtClg, SbClgGMCl, &o Sulphates, except 
Li SO4, form alums, also double salts with 
sulphates of magnesium group Most salts are 
isomorphous, but some of the lithium salts 
are not strictly isomorphous with corresponding 
salts of the other metals , some compounds of 
silver and thallium are isomorphous with those 
of the alkali mecals All the metals of this 
group are electropositive towards any other 
elefnents , their oxides and hydroxides are 
strongly basic The latter cannot be decom 
posed by heat alone into oxides and water 
Lithium differs from the other members of the 
group in the comparative insolubility in water 
of its hydroxide, carbonate, and phosphate, in 


the non formation of an alum, and m some 
other respects (compare heats of formation of 
analogous salts) , tins element serves to connect 
the group of the alkali metals with that of the 
metals of the alkaline earths m somewhat the 
same way as the latter group is connected with 
zinc and cadmium by the element magnesium 
{v Alkapine earths, Metajls op the) The 
metals copper and silver are to some extent 
connected with the alkali metals Copper forms 
two senes of salts represented by Cu^O and 
CuO respectively , the former, so far as com 
position goes, are analogous to the alkali salts 
They are, however, much more msoluble in 
water than these, and, with the exception of 
the iodide and cyanide and some double salts, 
are much less stable than the salts formed from 
the oxide CuO The salts of silver, as a class, 
are much less soluble m water than those of the 
alkali metals , their composition is similar — 
AgP, AgNOg, AgjSO,, &c , some of them are 
isomorphous with corresponding sodium salts, 
eg Ag2S04 Silver forms an alum, and its 
oxide IB markedly basic 

The alkali metals are placed m Group I , 
according to the classification of elements based 
on the periodic law, and this group also con- 
tains the metals Cu, Ag, and Au Li, E, Cs. 
and Kb belong to even senes, and Na, Cu, Ag, 
and Au, to odd senes, of Group I There can 1^ 
no doubt, however, that sodium is closely con- 
nected with the other alkali metals, and that 
the three heavy metals (Cu, Ag, Au) present 
only feebly marked analogies to each other, and 
to the metals of the alkahs In oonsidenng the 
classification of elements which the penodio 
law presents, attention must be paid, not only 
to the group m Which any given family of 
elements occurs, but also to fme character of 
the element! which precede and thope whu^ 

t) 
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alkalis, metals of the, 


follow the given family in the same senes , the forms salts — Tl^COj, TI 2 SO 4 , TlNOj„ An — • 
position of the family in the complete scheme which, as a class, are easily soluble in water, 
must also be considered {v Periodic Law) and many of which are isomorphous with the 

In some respects thallium exhibits a marked corresponding alkali salts Some of the thalloua 
chemical resemblance to the alkali metals , it salts, however, resemble those of lithium in 
forms an oxide Tip and a hydroxide TlOH, being comparatively insoluble, eg TlCl and 
both of which dissolve in water, producing a Tl^PO^ Thallium 'also forms an alum, and a 
strongly alkaline and basic liquid, marked by double platinum ohlonde TljPtCl, On the 
most of the properties which characterise other hand, the metal itself differs much from 
aqueous solutions of soda and potash , it also the alkali metals , it is heavy, is not very easily 



Lithium 

Sodium 

Potassium 

Bubidium 

O^ruM 

MalUahtlity, 

Silver white, easily 

Silver white. 

White, brit- 

Silver white, 

Silver white, 

colour f dc 

drawn into wire, 

soft as wax 

tie at 0°, 

soft as wax 

soft at or- 

but less tenacious 
than lead , very 
soft, may be 
welded at or 
dinary tempera 
ture , not vola 
tile at red heat 

at ordmary 
tempera 
ture , very 
ductile at 
0° , can be 
distilled at 
red heat 

mallea ble 
at 6° or BO, 
pasty at 

16° can be 
distilled at 
700°- 800° 

at -10° 

dinary tenj- 
perature. 

Wave lengths of most 

Li. (red) 6705 

D^ (orange) 

(yellow) 5800 

Rby (red) 

Cs^ (blue) 

characteristic 

(blue) 4602 

6895 


7800 

4697 

lines %n spectra 

(orange) 

, 5889 

Kfi (violet) 

4044 

1 

Rb, (orange) 
6297 

Cs, (blue) 

4660 

Chemical proper- 

Oxidises m ordi 

1 

Oxidises ra- 

Oxidises very 

Oxidises in 

Exceedingly 

tus 

nary air but not 

pidly m air. 

rapidly in 

air 80 ra 

easily 0 x 1 - 

BO rapidly or 

decomposes 

air , decom 

pidly that 

dised Pro- 


completely as 

water ra 

poses water 

usually 

perties not 


other metals of 

pidly, com 

r a p 1 d ly , 

takes fire , 

yet exactly 


the group , de 

bines very 

combi n e B 

decomposes 

studied 


composes cold 

energetic 

with halo 

water most 

Most elec- 


watei rapidly but 

ally with ha 

gens and ! 

r a pidly , 

tropositive 


without itself 

melting , ignites 
at temperature 
much above its 
melting point , 
readily combines 
with halogens | 
and sulphur 

logens and 
sulphur, de 
composes 
many ha- 
loid salts at 
high tem- 
peratures 

sulphur. 

burns bril 
hantly in 
vapours of 
halogens, 
sulphur, 
and arsemo 

of all ele- 
ments. 

Occurrence and 

Widely diffused in 

In large quan 

In large quan 

Very widely 

As silicate in 

preparation 

rocks, waters, 

titles as 

titles as m- 

diffused, but 

a rare min- 

plants, and some 

chloride, si- 

trate, Bill 

in very 

eral In mi- 


animal secre 

licate, fluo 

cate, sul- 

small quan 

nute quan- 


tions , occurs as 
silicate and phos 

nde, nitrate, 

phate &c , 

titles , m 

tities m 


&c , pre 

prepared as 

most E and 

many rocks 


phate with other 
alkali metals , 
prepared by elec- 
trolysis of mix 
ture of LiCl and 
KH 4 CI 

pared by de 
oxidi sing 
Na CO, by 
hot carbon 

Na. 

Naminerals, 
in waters 
no special 
Rb mineral 
known , pre 
pared as 

Na and E 

and waters, 
prepared by 
electrolysis 
of double ey- 
amde of Cs 
and Ba using 
A1 poles 


oxidised, does not decompose water except at An aqueous solution of ammonia is strongly 
a red beat, and is much more electro negative alkaline , when neutrahsed by acids salts are 
than the alkah metals Thallium forms an obtained which, as a class, closely resemble those 
oxide, TI 3 O,, from which a senes of salts— of the alkali metals, with which they are, for the 
TljdSO^, TlCl,, &o — 18 obtained , these salts most part, isomorphous These salts are con- 
exhibit analogies with those of the earth metals sidered to be compounds of the radicle '^m- 
The heats of formation of thallous oxide, hy momum (NH 4 ) with acid radicles , the general 
droxide, and chloride, are much smaller than fonnulee given for salts of the alkali metals 
those of the alkali salts , Thomsen gives these apply to the ammonium salts if M be taken to 
numbers [TP, 0,Aq] -=39,200 , [TP,0*,H*,Aq] *» represent NH, This radicle ammonium re- 
107,600, [TP,CP,Aq] -76,900(0 Eabths, Metals places the elements Li, Na, K, Rb, or Ca, la 
07 3H£, and Thallium) most oompoundi without altering the orystalline 
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form, ancl without changing the chemical tj-pe, 
of these compounds The salts of ammonium 
are, therefore, classed with those of the alkali 
metals (For more details regardmg the consti 
tution of these salts, and for an account of their 
properties, see Ammonium Com1»ounds ) For ac 
counts of the individual alkah metals and their 
binary compounds, see the articles C-esiijm, 
Lithium, Potassium, Eubidium, and Sodium , and 
for the other salts of these metals see Cab- 
BONATES, NiTBATES, SuLPHATEB, &0 

M M P M 

ALKALIS, Action on Organic Compounds 

The tendency of alkalis is to form salts Thus 
theff react with acids and other hydroxylic com 
pounds by displacing the hydrogen by potas 
Bium or sodium (p 63) Neutral substances are 
ffcquently saponified by alkalis, te turned 
into salts Saponification means soap making, 
in* the narrowest sense it means boiling a fat 
w ith potash or soda C 8 H 5 ( 0 C,hH 350)3 8 KOH = 
C,H 5 (OH)g + dKOCigHj 0 In a broader sense 
it means the splitting up of any compound 
ether into its alcohol and its acid, whether by 
means of an alkali, an acid, or by water alone 
In the broadest sense it means the conversion 
of a neutral substance into an acid or the salt 
of an acid Alkalis saponify compound ethers, 
nitriles, amides, and amic acids In the case 
of nitriles the reaction takes place as follows 
E CN 4 KOH 4 H^O = E CO,K 4 NH, Alkalis 
act upon chlorinated or brominated substances 
with production of haloid salts the reaction 
18 either one of substitution , CHgCl 4 KOH = 
CH, OH 4 KOI or else HCl or HBr is abstracted , 
CHgBr CH,Br 4 KOH - CH, CHBr 4 KBr 4 H 0 
The latter equation represents the action of 
alcoholic KOH on chlonnated or brominated 
h}drocaibons Hydrogen and halogen are 
always taken from contiguous carbon atoms 
Alcoholic potash sometimes displaces halogen 
atoms by ethoxyl CH,C1 CO,K 4 KOH 4 EtOH = 
CH,(OEt) CO,K 4 KCl 4 H,0 7 Chloro acids are 
converted by neutralisation with potash into 
lactones {q v ) When the halogen is m place 
of hydrogen m the benzene nucleus, it cannot 
be turned out by aqueous potash unless a nitro 
group is also present Thus chloro benzene is 
not affected by potash, while o and p chloro 
nitro benzenes are converted into mtro phenols 

When phenol is boiled with chloroform and 
NaOHAq, oxy benzoic aldehyde results (Tiemann 
a Eeimer’ 8 reaction) CaHjONa4 3NaOH 4 CHCl, 
«C,H,(0Na)C0H4 8NaCl4 2H20 (B 9,824) 

By the same method the group CHO can be 
introduced mto many derivatives of phenol 
(P 109) 

If Tetrachloride of carbon be used instead of 
chloroform, carboxyl enters the phenol, fonmng 
a carboxylic acid C«H 50 Na 4 6Na0H-^CCl^^ 
C^,(ONa) CO^Na 4 4NaCl 4 8H,0 Alcoholic 

potash sometimes acts as a reducmg agent 
(p 99, 1 42) 

Potash fusxon {or soda fusion) 

1 Converts aromatic sulphonates mto phenols 

C,Hg SOgK 4 KOH - OgHgOH 4 K,SO, 

2 Displaces halogens by hydroxyl 

GgH^Cl COgK 4 KOH - 0,H,(OH) CO,K ^ KCL 
However, owing to the high temperature re- 
quired, a subsequent migration of the hydroxyl 


sometimes takes place Thus when any halogen 
benzene sulphonate or halogen phenol is fused 
with potash at 236°-270°, resorcin is produced 

3 Converts oarboxylates into hydrocarbons 
CH, CO,K + HOK - CH, 4 COgK, Soda lime, 
lime, or baryta may also be used for this purpose 

4 Con'^erts the higher fatty aldehydes and 
aromatic aldehydes mto alcohol and salt of the 
acid 2Ph CHO 4 KOH = Ph CO,K -h Ph CH OH 
In other cases also, potash acts by oxidising 
one portion of the substance and reducing 
another Thus glycerin distilled with potash* 
gives {a) by reduction, propylene glycol, (b) by 
oxidation, potassic acetate and formate Simi- 
larly anthraqumone sulphonate gives (a) by 
reduction, anthracene, (b) by oxidation, alizarin 
6 Splits up unsaturated acids at the point of 
non saturation into two salts 

CH 3 CH CH CO H 4 2 KOH - 2CHg CO^K 4 H,. 

6 Resins usually give p oxy benzoate proto- 
catechuate, and phloroglucm 

ALKALOIDS — The term alkaloid was first 
applied to any organic base It is now usually 
restricted to organic bases that are of vegetable 
origin and produce marked toxicological effects 
Thus such bodies as ethjlamme, asparagine, and 
leucine, are not usually classed as alkaloids All 
the alkaloids contain nitrogen, and all except 
coniine, nicotine, and sparteine contain oxygen 
These three alkaloids are volatile, the others are 
fixed The vegetable alkaloids are ammonia , not 
ammonium , bases that is, they combine with 
HCl without elimination of H,0 The following 
alkaloids have been described 

From Achillea Moschata aohiHelne, mos 
chatme 

From Aconitum Napellus^ ferox^ dtc aco- 
nitine, picro aconitine, pseudo acomtme, japa- 
conitine, lycacomtme, myoctonine 

From JSthusa Cynapium cynapine 
From Agancus agarythrine 
From Alstonia constricta alstonine, por- 
phyrme, alstonidine, alstomcine 
From Aiariba rubra aribme 
From Artemisia abrotanum arbrotine 
From Aspidosperma aspidospermine, aspi- 
dospermatme, aspidosamine, hypoquebraohme, 
quebrachine, quebrachamine, paytine, payta- 
mine 

From Angustura bark cuspanne, gasipefne 
From Athcrosperma atherospeirnme 
From Atropa atropine, hyoscyamme, hy 
oscine, belladomne 

From Baccharis baoohanne 
From Baptism tinctorm unnamed. 

From Bebeeru beberine 
From Berberis berberme, oxyacanthme, 
hydrastine 

From Buxus buxine, buxidine 
From Calabwr beans physoatigmme or 
esenne 

From Capsicum capsicine 
From Cannabis indica an unnamed alkaloid 
(M Hay, Ph [3] 13, 998) 

From Chklidonium ohelerythrme, obeli* 
donme 

From Cinchona quinine, omohonine, oon- 
quinme, quinioine, homoquinme, hydroqumichne, 
cinchonidine, aricine, ousoonme, cnsoonidine, 
omoholme, cusoamine, euscamidine, quinamme, 
cinchamidine, oinchoUne, hydrocinohcmme, oon- 
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quinamme, hydroqumine, diomohonme, dioon 
quinine, javanme, parioine 

From Coca leases cocaine, ecgomne, hy 
gnne 

From Cocoa beans theobromine. 

From Coffee berries cafteme 
From Colchicum colchicine 
From Conessi bark conesBine 
From Comum coniine 
From Corydalis corydaline 
From Crossoptera crossoptenne. 

From Curare curarme 
From Cytisus cytisine 
From Delphinium delphimne, delphmoid 
ine, delphisine, staphisagrme 

From Dita bark ditamme or ditaine, echita 
mine, echitenine 

From Duboisia duboisine or hydrocyamine 
From Ergot ergotme 
From Erythrophleum erythrophleme 
I rom Esenbeckia esenbeckine 
From Fraxinus america'ioa an unnamed 
alkaloid (F B Power, Ph [3] 12, 812) 

From Fumaria fumarme 
From Oelscnium gelsenine 
From Oesdmium geselmme 
From Olaucium glaucine, glaucopicrme 
P lom Harmala harraalme, haimme 
From Humulus lupulus {Hops) lupuline 
(hopeme), neurine 

From Hymenodictyon an unnamed alkaloid 
From Ipecacuanha emetine 
From Isopyrum isopynne, pseudo isopynne 
From Lobelia lobcline 
From Lotur bark loturme, coUotunne, 
loturidme 

From Loxopterygium loxoptervgine 
From Lupinus lupinine, lupmidine 
From Lycopodium lycopodine 
From Macleya mackleyine, sanguinarme 
From Memspermum menispermme 
From Mustard smapme 
From Nicotiana tabacum nicotine 
From Nymphcea alba an unnamed alkaloid 
(Grdning, B 16, 969) 

From Oleander oleandnne 
From Opium morphine, codeme, thebaine, 
papavenne, narcotine, narceme, hydrocotarmne, 
pscudomorphine, codamine, laudamine, laudano 
sine, meconidine, lanthopine, protopme, crypto 
pine, crytopme, oxynarcotine 

From Papaver rhceas rhoeadine 
From Papaver sommferum v Opium 
From Pennius boldine 
From Piper nigrum {Pepper) piperine 
From Pereiro bark geissospermine, pereirme 
From Pilocarpus Imves pilocarpine, jabo 
nne, pilocarpidme 

From Pomegranate bark pelletienne 
From Poppy rhoeadme Opium Poppy v 
Opium 

From Batamy root ratanhme 
From Rtcmus (castor oil plant) ncmme 
From Salamandra samandrinQ 
Fiom Saphora saphorme 
From Svnapis smapme 
From Spartium sparteine 
From Strophantus strophantme 
From Strychnos strychnme, brucma. 

From Thahctrum thalictrme 
From Taxus taxme 


From Tsa leaves caflefne. 

From Tobacco nicotine 
From Trigomella trigomelhne, neurine 
From Veratrum veratrme, veratndme, oeyft^ 
dine, cevadillme, jervme, rubijervme, pseudo- 
jervine, veratralbiiie 
From Vetch vicine 

Formation of alkaloids m plants Most of 
the above alkaloids are pyridme denvatives 
They are probably produced by the action of 
ammonia or amido compounds upon non nitro- 
genous bodies Pechmann a Welsh {B 17, 2384) 
consider that the non nitrogenous bodies are such 
acids as meconio, chelidonic, and cumalic, which 
are probably furfurane derivatives These th^ee 
acids are converted by ammonia into oxypyridine 
carboxylic acids Cumalic acid is formed arti 
ficially from malic acid by action of cone H SO^ { 
and it 18 probable that the two other acids are 
also formed by condensation of simpler acids * 
V Meyer has suggested that hydroxylamine 
by acting upon aldehydes may also play some 
part m the production of the mtrogenous con- 
stituents of plants 

Extraction The tissue is extracted with 
dilute acid and the extract ppd by ammonia, 
potash, soda, lime, or magnesia Volatile alka 
loids are then distilled, hxed alkaloids are 
crystallised from a suitable solvent The ex 
traction of alkaloids from animal matter, as m 
cases of poisonmg, is described in the next 
article 

Reactions — 1 Sodic phosphomolybdate added 
to solutions acidified with nitric acid gives, in 
the cold, a yellowish white flocculent pp Am 
line, the alkj lamines, and quinoline, as well as 
silver, mercurous, and lead, salts are also ppd 
by this leagent (Sonnenschem, A 104, 45) To 
recover the alkaloid, the pp is boiled with 
baryta, when volatile alkaloids distil over The 
residue is saturated wuth CO^, evaporated to dry- 
ness and extracted with alcohol bonnenschein’a 
reagent is prepared by dissolving yellow am 
momc nitro molybdate m NajCOjAq, drying and 
strongly heating , if reduction of molybdic acid 
take place, the product is moistened with HNO, 
and again heated It is then heated with water, 
nitric acid is added, and the liquid diluted until 
10 parts of the solution contain 1 part of solid 
residue 

2 PhosphotungsHc acid may be used mstead 
of phospho molybdic acid (Scheibler, Fr 12, 316, 
J 1860, 167) The reagent, which is a mixture 
of sodic tungstate and phosphoric acid, is added 
to solutions acidihed with H 8 O 4 Phospho 
antimomc acid got by dropping antimonio 
chlonde into aqueous phosphoric acid, precipi- 
tates morphine, narcotine, and nicotine, bu4 not 
atropme (F Schulze, A 109, 177) 

8 Potassw mercuric iodide produces fioccn- 
lent yellowish white pps , insoluble m acids and 
m dilute alkalis, slightly soluble m excess of 
the reagent, easily soluble in alcohol, and gene- 
rally also in ether (F Mayer, J 1863, 703 f A 
133 236, DeVnj, J 1867,602) Theobromine, 
caffeine, glucosides, carbohydrates, and organic 
acids give no pp with Mayer’s solution Albu- 
minous and gelatinous substances, m presence 
of free acid (but not m alkahne solutions) give 
sticky pps (Valser, Fr 2, 79) To separate tlie 
alkaloid from the pp, the latter is triturated 
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with Sndl^ and excess of aqueous KOH, this 
reduces the mercury to the metallic state, and 
the base is then extracted by its proper solvent 

Mayer’s solution contains 13 5 g mercuric 
dbloride and 49 8 g potassic iodide per litre 

4 Potassio hismuthom modide is prepared 
by dissolving Bi(0H)^N08 (80 g) in HNO, 
(200 0 0 of S G 1 18) and adding a cono solu 
tion of KI (272 g ) The solution is cooled until 
KNOj crystallises and the mother liquor is then 
diluted to a litre (Dragendorff, Fr 5, 406 , Kraut, 
A 210, 310) The solution is added to the 
alkaloid dissolved m dilute H SO4 or HI 
Double iodides of the alkaloid and of bismuth are 
l^d The alkaloid can be recovered by decom 
posing these double iodides with aqueous NaOH, 
and extracting with a proper solvent 

5 Potasno cadmic iodide forms white 
flocculent pps when added to solutions of 
alkaloids acidulated with H SO^ The pps soon 
become crystalline , they are soluble m alcohol, 
insoluble in ether They dissolve in excess of 
the reagent The alkaloid can be recovered by 
tieatment with NaOHAq and a solvent (Marmt, 
Bl [2J 9, 203) 

6 Potassio platinic iodide and potassio auric 
iodide also pp alkaloids (Selmi, O o, 255) 
Ihese solutions are prepared by adding KI to 
solutions of PtCl, or AuClg until the pp first 
formed is redissolved The platinum salt gives, 
in acetic acid solution, a black pp with nicotine, 
but none with conessine , it also gives a wine 
red pp with solanidine but none with solanine 
The gold salt gives, on evaporation, arborescent 
crystallisation with niootme, but only oily drops 
with coniine 

7 A solution of iodine (1 pt ) in KI (1 pt ) 
dissolved m water (100 pts ) gives brown, often 
crystalline, pps of the periodides These polarise 
light like tourmahne The alkaloids can be 
recovered by treating the pp with SO Aq 

8 Animal charcoal removes most of the 

alkaloids from aqueous solution The alkaloid 
can then be extracted from the charcoal by a 
suitable solvent (Graham a Hofman, C J 5, 
173) • 

9 Picric acid pps many alkaloids, even in 
presence of a large excess of H^S04 Morphine, 
caffeine, and glucosides are not so ppd The 
reagentpps English but not German preparations 
of atropine (Hager, Fr 9, 110) 

10 Tannin gives a white or yellowish white 
pp The salts of morphine, with the exception 
of the acetate in strong solution, are not ppd by 
tannin The alkaloids can be recovered by 
treating the pp with lime 

11 Platinic chloride gives, in cono solu 
ti®ns, a yellowish white or yellow pp Chloride of 
gold does the same {cf Conmck, Bl [2] 45, 131) 

12 Sodic nitroprusside usually forma oily 
drops of the nitroprusside, which orystalhses on 
standing (Horsley, C AT 6, 365 , E W Davy, 
Ph [3] 11, 766) 

• 13 The el^trolysis of solutions of salts of 
alkaloids has been studied by Bourgom (Bl [2] 
12, 438) 

14 The alkaloids are ppd by sodium salts of 
^ycochohct hyoglycochohc^ and taurocholic acids 
The pps appear to be acid salts of the alkaloids 
(W F de I’Abre, C C 1872, 231) 

15 Hydnc sulphide passed mto alooholio 


solutmns of alkaloids forms compounds contain- 
ing sulphur (Palm, J 1863, 483 , E Schmidt, B 
8, 1267) 

16 The absorption spectra of various alka 
loids have been mapped by A Meyer (P [3] 13, 
413) 

17 A solution of iodine monochlonde in HOI 
added to a solution of an alkaloid in HCl gives a 
pp , usually yellow and sparingly soluble (Tilden, 
G J 21, 145, Dittmar, B 18, 1612, Oster- 
mayer, B 18, 2298) According to Dittmar, if 
the alkaloid contain one pyridine ring, the pp 
IS of the form XICl , if it contain two pyridine 
groups it is of the form YI CI2 However, NEt^Cl, 
NEtjHCl, caffeine hydrochloride, and pyrrol, all 
give pps though they contain no pyridine ring, 
while B oxy quinolines, and tetra hydroqumoline 
give no such pps The pps may also be got by 
using a mixture of KI, KNO , and HCl, instead 
of ICl The chloro iodides are converted by 
excess of chlorine into un«t ible compounds XICl, 
Ammonia converts the chloro iodides into lodo- 
amides, \INH , these are dark green or dark 
red unstable bodies, insoluble in water, but 
con\ cited back into the chloro iodides by HCl, 
and decomposed by boiling with alcohol accord 
ing to the equation 

6XINH2 = 3X + 3XL + 4NH, + N, 

These lodo amides are also produced by the 
combination of the alkaloids with iodide of 
nitrogen 

Tests for alkaloids — The above reactions are 
general The following tests may be used in dis- 
tinguishing the alkaloids from one another — 
1 The alkaloid is sublimed Sublimation begins 
below 100^ in the case of caffeine, theobromine, 
and canthandine , between 150^-200° in the 
case of strychnine, morphine, and pilocaiqnne 
(Wynter Blyth, C J 33, 318) The following 
give no sublimate, but melt (a) below 100° 
hyoscyamine, atropine , (6) between 100°-150° 
papaverine , (c) above 200° solanine The 
sublimate is then examined microscopically 
(Heivig Fr 3, 43 , Deane a Brady, G J 18, 34) 
— 2 Cone H2SO4 produces colours with certain 
alkaloids, eg b, blood red colour with thebaine 
and a crimson with veratrme — 3 Nitric acid 
usually produces a yellow solution, but morphine 
and brucine give a red colour — 4 Sulphuric acid 
containing a little molybdio acid, so called sul 
phomolybdic acid, gives a violet colour with 
morphine, and characteristic colours with other 
alkaloids — 5 Erdmann’s solution is prepared 
by adding HNO, (6 drops of S G 1 26) to water 
(100 oc) and addmg ten drops of the diluted 
acid to 20 c 0 of cono H2SO4 This solution 
gives a blue colour when warmed with solutions 
of codeine, and characteristic colours with other 
alkaloids — 6 Chlorine water, followed by am- 
monia, gives a green colour with quinine, a red 
colour with narceine, and an orange colour with 
narcotine — 7 A mixture of an alkaloid (1 pt ) 
with sugar (7 pts ) often gives colours with cono, 
H SO, Morphine and oodeme give a purple, 
aconitine a rose-red (B Schneider, P 147, 128), 
— 8 H2SO4 and a httle Ce^O, give with strych- 
nine a fine blue colour, with brueme, orange, 
narcotine, brown, cherry-red, finally wine-red, 
morphme, ohve brown, finally brown , codeine, 
ohve green, finally brown , quinine, pale yellow, 
oinchomne and cafieinq, no oolonr, yerainne, 
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»ti opine, iolarpne, emetine, brown , colchicine, 
Kreen becoming brown , papaverine, almost black 
(Sonnenschein, B 8, 632) 

Optical Properties —When the solution of 
an alkaloid affects a ray of polarised light the 
Bpeciiic rotatory power of solutions of its normal 
salts IS independent of the nature of the acid if 
the alkaloid is mono acidic and the salt is not 
decomposed by water, but if the alkaloid is di 
acidic the basic salts usually rotate much less 
than the normal salts (Oudemans, R 1, 18) 
ALKALOIDS, CADAVERIC v Ptomaines 
ALKALOIDS, POISONOUS, Detection and 
Estimation of — This article will be directed to 
the simple detection of the chief alkaloids, but 
incidentally their quantitative estimation will be 
touched upon The detection and complete recog 
nition of an alkaloid by chemical tests is often a 
matter of great difhculty, even in the case of 
some well known and potent alkaloids Indeed, 
in some cases these difhculties are at present 
insurmountable by chemical means alone, and 
physiological experiments have to be called in 
aid The obstacles to the recognition of these 
bases, when several are present, is still greater 
Indeed, it may be stated that the complete 
separation of a mixture of commonly occurimg 
alkaloids is a problem still awaiting solution 
The toxicologist has too often to content himself 
with the identihcation of one or two alkaloids in 
organic mixtures and the determination of their 
aggregate quantity, being unable to ascertain 
their individual amounts 

History —The earliest methods devised for 
the detection of alkaloidal poisons in forensic 
research were those found effective for the 
separation of the vegetable alkaloids from the 
other matters with which they are found asso 
ciated in nature, and modifications of these 
methods are even now employed for this pur 
pose The material to be operated on was 
extracted with diluted acids aided by gentle 
heat, gummy and other substances removed by 
lead acetate, the excess of lead ppd with 
hydrogen sulphide, and the alkaloid obtained 
as a salt — generally an acetate — in a greater or 
less degree of purity by evaporation of the 
solution This and other crude processes were 
mobtly abandoned when Stas lA 84, 379) pub 
lished his classical paper on the separation of 
alkaloids from organic mixtures, and devised a 
new and refined process, which was subsequently 
modified and improved by Otto {A 100, 39), 
Dragendorff {Oerichtl chem Ermit v Gift , 
1876), and others In one form or another, this 
process, generally known as that of Otto Stas, 
is still the one most generally emplc^ed m 
forensic analyses, though Sonnenschein (A 105, 
46 ), Selmi (C J 1877, 93), and more recently 
L Brieger {Die Ptomaine^ Pt 1 , 1886 , Pt II , 
1886 , Pt III , 188b) have each employed 
different but less refined methods for the general 
separation of the orgamc bases from the matters 
with which they are commonly associated 

Methods of Procedure — If an apparently 
fairly pure solid body has to be examined e g 
a crystalline medicmal powder, its alkaloidal 
nature may be demonstrated by aflcertaimng 
in the ordinary way that it contains both organic 
carbon and nitrogen , by its sparing solubility 
In aqueoos alkaline, and its ready solubility m 


aqueous acid, solutions , and by adding to th4 
acid solution reagents that react with the al- 
kaloids as a class The alkaloid will usually 
be ppd from its acid or aqueous solution, if this 
be not too dilute, by caustic and by carbonated 
alkalis , and will appear either in the form of oily 
droplets (liquid and volatile alkaloids), or as an 
amorphous pp , becoming crystalline on stand 
ing If the pp rediSBolvea in excess of the 
caustic alkali, as in the case of morphine, it 
will again separate when the alkali becomes 
carbonated, as by exposure to the air Since 
none of the alkaloids are altogether insoluble in 
water, no pp may form in very dilute solutions, 
and yet an alkaloid be present There ar^ 
however, certain group reagents that pp the 
alkaloids from their barely acid solutions, even 
when these are highly dilute, and these re 
agents are generally employed where the presence 
of an alkaloid is suspected Such general re 
agents are the following , but it must be borne 
in mind that as any one of them may fail to 
give a precipitate with a given organic base, 
two or more of them must be used, under appro 
priate conditions, in order to prove or disprove 
the presence of an alkaloid m the solution to be 
tested —1 A weak solution of iodine in potas 
Slum iodide This reagent gives a more or less 
coloured pp with extremely dilute solutions of 
most of the vegetable alkaloids — 2 Btomine 
uater yields similar pps , but has the dis 
advantage of yielding pps with the phenols 
also —3 Tannin pps most of the vegetable 
alkaloids from their not too dilute solutions — 

4 Mci curie chloride in aqueous, and also in 
alcoholic solution, is a valuable pptant , and is 
especially useful in the separation of the organic 
bases resulting from putrefaction (ptomaines), 
for the separation of which the Otto Stas method 
to be presently described is inadequate (L Bneger, 
op cit ) — 6 Potassio mercuric iodide solution 
IS perhaps the most generally useful pptant of 
the alkaloids , and from the ppts thus produced 
the alkaloids may be recovered in a high state 
of purity by trituration with stannous chloride 
and solution of NaOH, and exti action of the al- 
kaloid thus liberated, with ether — 6 Phospho 
molybdic acid m nitric acid solution pps the 
alkaloids from acid solutions The alkaloids 
may be recovered from these pps by decomposing 
them with barium hydrate, and either distilling 
off the alkaloid (volatile alkaloids), or after re 
moving the baryta by means of a stream of car 
bon dioxide, subsequently extracting the alkaloid 
with absolute alcohol -7 Picric acid is also a 
useful pptant , and from the pps thus produced 
the alkaloids may be separated by acidification 
with HCl and agitation with ether —Many other 
general pptants of the alkaloids have been pro- 
posed, but the above fulfil almost every useful 
purpose , and on the ppn of organic natural bases 
by alkalis, and their resolution and extraction 
by ether and other special solvents - or on their 
removal from organic solutions by one or other 
of the above pptants — are based the most ap- 
proved general methods for the separation of the 
poisonous alkaloids in forensic analysis 

The method most generally employed for the 
extraction of the vegetable ^kaloids from ad 
mixture with animal matters is that originally 
devised by Stas lor the separation of nicotine la 
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the course of a forensic analysis, and now known 
With modifications as the Otto Stas method The 
writer of this article has introduced further 
modifications which are embodied in the follow 
ing description, and have been found by him 
necessary in those cases -where unstable and 
easily hydrolysed alkaloids are to be sought 
for, such as morphine, which is readily decora 
posed by heating its acidified solutions, and 
aconitine, which is unstable m alkaline and 
especially in ammoniacal solutions In all 
cases the method, which is a quantitative one, 
IS greatly dependent for success upon the care 
with which the preliminary opeiations are con 
ducted 

* The organic material to be operated upon, if 
solid, IS brought into as minute a state of 
division as its nature permits, and is then 
digested with twice its weight of rectified spirit 
pt wine at a tempeiature ol about 35^^ Liquids 
are also treated with twice their volume of 
rectified spirit Bedistilled methylated spiiit of 
Wine may be used for these operations After 
several hours’ digestion the liquid is poured off 
fiom the deposited solids, and the digestion is | 
repeated with a fresh quantity of spirit This 
is again poured off, and mixed with the previous 
alcoholic infusion If solid matter, e g liver, is 
operated on, the liquid is 8quee7ed from the solid 
portion at each digestion in a piece of fine 
cambric which acts as a crude filter , and the 
liquids thus obtained aie added to the other alco 
holic liquids After two or more digestions, ac 
coi cling to the nature of the organic matter, the 
undissolved poi tions are subjected to a new diges 
tion, also at 35°, with spirit faintly acidified with 
acetic acid Some recommend tartaric m pre 
ference to acetic acid, but this is objectionable, 
when, as is usually the case, moiphine has to be | 
sought for others use oxalic acid, but this acid 
may have to be sought foi as well as the alkaloids 
Lnough acid must be added to keep the liquid just 
peiceptibly acid, excess being avoided After a 
prolonged digestion *vith the acidified alcohol, 
this IS poured off, tne solids squeezed, and the 
digestion repeated, but this time with unacidified 
spirit A final digestion may be required, the 
rule bemg to continue the exhaustion with spirit 
of wine so long as any colour is imparted to this 
The alcoholic liquids obtained before acidification 
after mixing are momentarily and rapidly raised 
to a temperature of 70°, cooled, and the msolu 
ble residue filtered and washed with spirit , and 
those obtained with and after the use of acetic 
acid are similarly treated But the two liquids, 
the unacidified and the acidified are not mixed 
till a later stage is reached In this way, by 
keeping the liquids separate, danger of hydrolysa 
tion of unstable alkaloids is as far as possible 
avoided The alcoholic infusions are now eva- 
porated at a temperature never exceeding 35° to 
the consistency of a syrup It is advisable during 
the course of the evaporations to neutralise a 
portion of the free acid with caustic soda from 
time to time, so as to keep the liquids just per- 
ceptibly acid The evaporations are easily effected 
with tolerable rapidity by placing the liquids 
in shallow basins supported on large beakers 
some inches above floor of an ordinary 
oven, which is heated by a gas fliune playing on 
the top The door is kept a Uttle ajar The 


advantages of this arrangement of the author’s 
are, that overheating is avoided, evaporation is 
more rapid than by any other method, and all 
creeping of the liquids up the sides of the basins 
18 obviated This course of procedure is greatly 
preferable to distilling off and recovering the 
alcohol, as usually recommended The syrupy 
liquid 18 now drenched v/ith about 30 c c of 
absolute alcohol, with constant stirring or 
grinding in a mortar, the alcohol is poured off 
from the pasty mass which usually separates, 
and replaced by successive quantities of 15 o c 
alcohol so long as a colour is imparted to this 
The alcoholic liquids aie mixed, filtered, the 
filter washed with alcohol, and the filtrate eva 
porated in the oven, as before, at a temperatuie 
not exceeding 35° The syrupy residues— that 
fiom the plain and that from the acidified spirit 
of wine — are diluted with a small quantity of 
water, filtered, the filters washed with water, and 
the filtrates mixed They should, together, 
measure 15-20 c c The liquid is introduced 
into an accurately stoppered tube, paitially 
neutralised, if necessary, with caustic soda, taking 
I caie, however, to leave it slightly acid If the 
method laid down has been scrupulously followed, 
we have now a liquid containing the whole of the 
alkaloids, and liee from albuminoids The 
aqueous and faintly acid liquid in the tube is now 
covered with twice its volume of washed etlier, 
and the whole is mixed by gently and repeatedly 
inverting the tube, care being taken not to 
emulsify the mixture by any violent agitation 
The ether is allowed to separate, and this is 
favoured by giving an occasional sharp rotatory 
shake to the tube The supernatant ether is 
then pipetted off, and replaced by a new and 
smaller quantity of ether The tube is again 
I shaken , and the operation of extraction with 
ether is continued till a few drops on evaporation 
lea\e no residue Four or five extractions will 
generally suffice The ethereal solutions as they 
are pipetted off are successively washed by 
vigorous shaking in a second stoppered tube with 
5 c c water to which a few drops of dilute 
sulphuric acid have been added The ether on 
evaporaiion may yield an oily residue which may 
be reserved for furtlier examination and for 
physiological tests But the acid liquid sub- 
jected to ethereal extraction will still contain 
nearly all the alkaloids, as the acid salts of these 
are mostly practically insoluble in ether , but the 
salts of some of the alkaloids being perceptibly 
soluble in ether may be met with in the ‘acid- 
ether ’ extract The acid aqueous solution, and 
the acidulated water with which the ether has 
been washed, are mixed, alkalised with sodium 
carbonate, and again exhausted four or five times 
as before with washed ether , only in this case 
the first exhaustion is made with a mixture of 
1 vol chloroform and 3 vol ether, and the final ex- 
tractions with ether alone These successive 
ethereal extracts are washed m a tube by shaking 
anew with 5 c o water They are then trans 
f erred to a third and finally to a fourth tube, the 
first containing 10 c o water acidulated with a 
few drops of sulphuric acid, and the last oontam- 
mg 5 0 G water alone, and agitated By these 
operations the alkaloids are first liberated from 
their salts by the alkali, then transferred to the 
ether chloroform in which they are soluble , then 
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again converted into sulphates, which, being 
Ineoluble in ether and chloroform, again pass into 
the acid solutions impurities being left behind m 
the ether We have now again the alkaloids m 
acid solution, but in a much purer state than 
before The acid liquid and the final wash 
water are mixed, washed with a little ether once 
or twice then re alkalised with sodium caibonate, 
and well re extracted with chloroform ether and 
ether These etheieal solutions are "washed with 
water barely alkalised with sodium carbonate, 
then filtered through a dry filter, and evaporated 
to dryness in the oven below 65° in tared glass 
basins about eight centim in diameter Once 
ury, the residue may be transferred for a few 
mmutes to the water oven, dried at 100°, and 
weighed after cooling over sulphuric acid This 
weight fairly represents that of the alkaloids 
It IS well before evaporating the bulk of the 
solution to evaporate a few c c only , if an 
oily odorous residue be left the presence of a 
volatile alkaloid is indicated , the evaporation 
IS then modified by mixing the ether chloroform 
with so much ether previously acidulated by 
agitation with a strong solution of hydrochloric 
acid as is necessary to render it acid In this 
case it 18 not the free alkaloids, but their non 
volatile hydrochlorides which are left and 
weighed The residue may therefore be dissolved 
in water and subjected to appropriate tests — 
first for the alkaloids generally {vide ante), and 
secondly specihcally for the volatile alkaloids 
But if the sohd free alkaloid has been obtained 
It must first be conveited into a hydrochloride 
by moistening it v ith a very slight excess of very 
dilute hydrochloric acid, and evaporating to dry 
ness %n vaciLo over su'phunc acid The residue 
may then be dissolved in water and subjected to 
tests, which may be obtained from the ethereal 
extract either before or after conversion into 
hydrochloride and solution of this in water 

Morphme is practically insoluble m ether 
except immediately after ppn from its solutions, 
hence if this alkaloid were present m the matters 
submitted to examination, but little of it would 
be removed by the chloroform and ether, more 
especially if, as is advisable, the agitation with 
these solvents was not executed immediately 
after the addition of sodium carbonate In order 
to obtain the morphine, the first alkalised solu- 
tion from which the other alkaloids have been 
removed must be re-extracted a few times with 
a well washed mixture of equal volumes of acetic 
ether and ethyl ether, which is preferable to 
amyl alcohol, and m which mixture morphme is 
soluble The mixed ethers are washed with a 
little water, filtered through a dry filter, and 
evaporated just as the chloroform ether was 
evaporated for the other alkaloids The residue 
IS usually not pure morphine, as acetic ether 
takes up other non alkaloidal bodies, but these 
do not usually mterfere with the morphme 
reactions. 

G Ihagendorfif {Oenchtl chem Ermit v 
Chft , 1876, p 141) has devised a process which 
proceeds upon the same general lines as that 
of Stas, but IS much more elaborate It re 
quires, moreover, a higher temperature for the 
preliminary evaporation The finely divided 
substance, if solid, is digested for several hours 
at a tempert^ure of 40°-50° with dilute sulphuric 


acid — about 2 p o by volume of the acid JAq lids 
are acidulated with the same proportion of acid 
The digestion is continued for several hours, 
and the mixture is then pressed, and filtered 
The operation of extraction with dilute sulphuric 
aoid 18 repeated twn or three times, 100 c c of 
liquid being a convenient quantity for each ex- 
traction The mixed filtrates, containing the 
alkaloids, are partially neutralised with magnesia, 
and carefully evaporated to a syrup at a temper- 
ature much below 100° , but never to dryness. 
It is certain that in this operation some alkaloids 
may be destroyed and it is also asserted that 
basic bodies are formed by the decomposition of 
the albuminoids A useful modification (L 
Bneger, op cit ) is to partially neutralise trft 
liquid from time to time during the course of the 
evaporation, so that it is never more than very, 
slightly acid m its reaction to litmus The 
syrupy residue from the evaporation is mixed^ 
with three or four times its volume of rectified 
methylated spirit of wine, and a few drops of 
sulphuric acid and allowed to digest at about 
for twenty four hours The insoluble matter 
is separated by filtration and washed with spirit, 
and the hltrate and "washings are distilled in a 
retort so as to recover the alcohol The aqueous 
residue in the retort is diluted with water to 50 c c , 
filtered, and introduced into a stoppered tube 
and exhausted successively with petroleum ether, 
benzene, and chloroform, 20-30 c c of each at a 
time in the manner in which exhaustions aie 
made with ether m Stas s process The aqueous 
solution is then made alkaline with ammonia, 
and again exhausted successively with petio 
leum spirit, benzene, chloroform, and amyl 
alcohol On evaporation of the respective 
solvents (consult what has been said under 
btas s process as to volatile alkaloids) alkaloidal 
residues are obta ned, which when taken up with 
water, either with or without previous conver 
Sion into hydrochlorides as necessity demands, 
may be submitted to appropriate tests for the 
alkaloids, and specially for the various suspected 
alkaloids 

Among the commoner alkaloids, and poisonoau 
neutral substances — 

Petroleum ether removes from the acid 
aqueous solution —some piperine, resms such 
as capsicm, camphor, and phenol 

Benzene further removes from the acid 
solution — more pipeline, caffeine, colchicine, 
santonin, digitalin, cubebin, colocynthin, cloetm, 
picric acid, elatenn, and cantharidm 

Chloroform, again, removes from the acid 
aqueous solution — cinchonine, theobromine, 
papaverine, narceine, jervine, more digitahn, 
picrotoxin, smilaoin, and senegin ^ 

On rendermg the solution alkaline with 
ammoma — 

Petroleum spirit removes from the alkaline 
solution — Btrychmne, brucine, quinine, vtra- 
trine, aconitine, emetine, and the volatile 
alkaloids coniine, nicotine, lobeline, and triqie- 
thylamine (from putrefaction), the pimento- 
alkaloid, and anilme If the presence of aco- 
nitine or emetme be suspected, the operation 
must be performed quickly, since these alkaloidf 
rapidly decompose in alkane solutions 

Bmaene further removes from the alkahne 
soVutwn — atiopme, hyoscyamins, physostig- 
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mine (eBerme),thebaIne, codeine, narcotine, and ! 
additional quantities of strychnine, brucine, 
quinine, cinchonine, veratrme, aconitine, and 
emetine 

Chloroform, again, removes from the alkaline 
solution — some morphine, ^nd additional quan 
titles of cinchonine, narceine, and papaverine 
Amyl alcohol finally removes from the alka 
hue solution —morphine, narceine, and some 
neutral bodies, such as salicin 

Not all the substances enumerated above are 
poisonous , but they are bodies that may be 
present in medicinal mixtures, and hence are 
likely to come under the notice of the toxico 
Jog st in forensic analyses 

Selmi proposed another method of extract- 
ing the poisonous alkaloids, and applied it to 
the extraction of the ptomaines {O 6, 153, 
C J 31, 93) The viscera are exhausted with 
alcohol and dilute sulphuric acid This acidi 
fied alcoholic extract is filtered and evaporated 
at a temperature of 65°, again filtered, and 
evaporated to a syrup The residue is taken 
up with water, filtered, the filtrate treated with 
basic lead acetate, and the mixture exposed 
to the air for twenty four hours It is then 
filtered, the excess of lead removed by hvdrogen 
sulphide gas, and the filtiate concentrated 
This IS then repeatedly extracted with ether 
The etheieal solution is then saturated with a 
stream of dry carbon dioxide gas which gene 
rally causes a pp of droplets containing some 
of the alkaloids, and adheient to the side of 
tlie vessel The ethereal solution is poured 
off, mixed with about half its volume of water, 
and a curient of carbon dioxide is again passed 
for twenty minutes, which may cause the ppn 
of other alkaloids not ppd by dry carbon 
dioxide Usually the whole of the alkaloids are 
thrown down by these means but if not, the 
ethereal solution is dehydrated by shaking with 
barium oxide, and then a solution of tartaric 
acid in ether is added to the clear liquid, taking 
care not to employ an excess of acid , any 
alkaloid that may remain in solution is thus 
thrown down As a matter of precaution, the 
remains of the viscera or other matters operated 
on are mixed with barium hydrate and a little 
water, and agitated with pure amyl alcohol 
The alkaloids may then be extracted from the 
alcohol by shaking it in a stoppered tube with 
very dilute sulphuric acid 

Sonnenschein {A 104, 46) separates the alka 
loids by ppn with phosphomolybdic acid In 
extracting the bases, the organic matter to be 
examined is repeatedly exhausted with very 
dilute hydrochloric acid, the mixed solutions 
fiHered, and the filtrate evaporated in the oven at 
a temperature not exceeding 36° to a thin syrup , 
then diluted with water, cooled, and filtered 
An excess of phospho molybdic acid is added to 
the filtrate, and thepp is washed with water con- 
taining nitric and phosphomolybdic acids The 
rtill moist pp 18 washed into a flask, made 
distinctly alkaline by the addition of barium 
hydrate, and distilled mto a bulb apparatus 
charged with hydrochloric acid, which absorbs 
ammonia and the volatile bases The residue 
in the flask, containing the non volatile bases, 
IB freed from barium hydrate by a current of 
oarbon dioxide, evaporated to dryness, and the 


bases extracted by means of strong alcohol 
The filtered alcohohc soluhon often yields on 
evaporation the alkaloids m a sufficient state of 
purity to admit of their being weighed, con 
verted into hydrochlorides, and submitted to 
tests Sometimes, however, they must be puri- 
fied by re solution and re crystallisation from 
absolute alcohol, ether, chloroform, Ac 

The method of Uslar and Erdmann {A 120, 
121) 18 not much employed in this country, the 
evapoiation of amyl alcohol being a disagreeable 
operation , but it is nevertheless a valuable process 
for the separating of strychnine and morphine 
It 18 practised as follows —The suspected matter, 
if solid, is made into thin paste with water, 
slightly acidulated with hydrochloric acid, and 
digested at a temperature of 70° for an hour or 
two It IS then strained through a moist piece of 
cambric, and the solid residue on the cloth is 
well exhausted with hot very dilute hydrochloric 
acid The combined liquids after filtration are 
made slightly alkaline with ammonia, mixed 
with clean sand, and evaporated to dryness on 
the water bath The residue from the evapora 
I tion IS extracted three or four times with hot 
I amyl alcohol and the mixed liquids are filtered 
The filtrate is shaken violently in a stoppered 
tube with several times its volume of hot water 
acidulated with hydrochloric acid, which removes 
the alkaloids, leaving colouring matters and fat in 
the alcohol The alcohol is pipetted off, and the 
hot acid solution is repeatedly washed by agita 
tion with fresh portions of amyl alcohol until all 
fat and colouring matter is removed, after which 
the clear aqueous liquid is concentrated by 
evaporation, made alkaline with ammonia, and 
well shaken with fresh hot amyl alcohol four or 
five times These alcoholic liquids are mixed, 
filtered through a filter moistened with amyl 
alcohol to remove watei, and evaporated in a 
tared basin, when the alkaloids will be left m a 
sufficiently pure condition to be dissolved and 
tested, previous to which they should be weighed 
Occasionally a coloured residue is obtained which 
requires re solution in aqueous acid, agitation 
with amyl alcohol, alkalisation with ammonia, 
and re extraction with amyl alcohol, in order to 
obtain the alkaloids in a sufficiently pure state 
for testing With morphine the process, though 
tedious, works well 

Scheibler ’s process is based upon the precipita- 
tion of the alkaloids by phosphotungstic acid, a 
reagent prepared by treating sodium tungstate 
in solution with half its weight of phosphoric 
acid, when crystals of phosphotungstic acid 
slowlv form These are dissolved, and the pro- 
cess in detail is carried on m the same manner 
as Sonnenschein’s phosphomolybdic acid process, 
Bubstitutmg the phosphotungstic for the phospho 
molybdic solution as a precipitant It is some- 
times recommended to precede the ppn of the 
alkaloid by the addition of lead acetate to remove 
oolounng matter, and then to remove the excess 
of lead by hydrogen sulphide , but some of the 
alkaloid present is apt to be removed with the 
lead pps Nor should animal charcoal be used 
as a decolorant, as this is still more effective in 
withdrawing the alkaloids from solution. In- 
deed the obstinacy with which the alkaloids 
adhere to ammal charcoal has been utihsed by 
Graham, Hofmann, and Bedwood as a means of 
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separating strychnine from beer and other 
UquidB (C J 6, 178) 

The following scheme serves for the detection 
of the more commonly occurring poisonous 
alloloids The alkaloids are brought into 
ac'd aqueous solution, and this is shaken with 
ether — 

I T?is ether withdraws from the acid aqueous 
solution^ and leaves on evaporation 

1 Colchicine —Its solution is yellow, and is 
turned to a violet colour by strong nitric acid 
Its solution m HClAq, when made alkaline with 
caustic soda, develops an orange red colour 

2 Digitalin — When dissolved m cone H SO 4 
and a minute quantity of bromine water is 
added, a reddish violet tint is produced, which, 
on the addition of water changes to a green 

3 Picrotoxin — Beduces Feh ling’s solution 

The solution is made alkaline with sodium 1 

bicarbonate, and again shaken with ether 

II Ether removes from the alkaline solution, 
and leaves on evaporation 

1 Nicotine — Oily droplets, having a tobacco 
like odour Its aqueous solution is not ppd by 
chlorine water, nor does it become coloured when 
warmed Warmed with hydrochloric acid the 
alkaloid becomes violet, and then on the addition 
of nitric acid orange coloured 

2 Coniine — Oily droplets having a mouse- 
like odour Its aqueous solution ib ppd by chlorine 
water, and becomes coloured when warmed Pry 
hy^ochlorio acid gas turns the alkaloid at first 
red, and then to a violet colour 

8 Lobelme —Oily droplets yielding no very 
definite chemical reactions 

4 Brueme — Turned rosy red by strong sul- 
phuric acid not quite tree from oxides of nitro 
gen The alkaloid is reddened by strong nitric 
acid, and the red solution changes to a bluish 
violet on the addition of a solution of stannous 
ehlonde 

5 Strychnine — No coloration on the addi 
tion of strong H 2 SO 4 On the further addition 
of solid potassium dichromate, MnO^, or PbO , 
a violet blue coloration is immediately produced, 
passing gradually into a cherry red, the colour 
only slowly disappearmg 

6 Narcotine —It become first yellow, then 

bluish violet when warmed with strong sulphuric 
acid Its solution in strong becomes 

red on the addition of a trace of nitric acid 
Bulphomolybdic acid turns the alkaloid green 

7 Veratrine — With strong sulphuric acid it 
becomes yellow, orange, and finally cherry red 
Its solution m cold concentrated hydrochloric 
acid 18 colourless, but gradually changes to a 
deep red when boiled 

8 Jermne — The salts of this alkaloid, except 
the acetate and phosphate are only very sparingly 
Boluble m water and acid solutions Its solution 
in acetic acid is ppiL by nitnc acid and by 
potassium mtrate 

9 Atropine — An odour of hawthorn is deve- 
loped when the alkaloid is warmed with strong 
eulphuno acid and potassium dichromate , and 
the solution becomes green from reduction of 
chromic acid. Evaporated to dryness with 
fuming mtnc acid, and the residue touched with 
an alcohoho solution of potash, a fine purple 
eolour IB produced 

10 Aconitine can only be identified by its 


physiological properties The chemical tests for 
pure aconitine are not characteristic 

11 Gelsemine — With strong sulphuric acid 
and potassium dichromate, a reddish purple or 
cherry red colour is developed, quickly passmg 
mto bluish green or biue 

12 Physostigmine — Its solutions, whether 
acid or alkaline, become reddish on exposure, and 
this colour is discharged by sulphurous acid and 
the thiosulphates Treated with sulnhuric acid 
and bromine water, it yields a brown red colour 

III There remain in the alkaline aqueous 
solution — 

Morphine, curarine, and cytisine The first 
may be separated b} shaking with acetic ether, 
and 18 identified by the usual tests — nitric acid, 
ferric chloride, iodic acid and starch, and sul- 
phomolybdic acid Curarme may be ppd by 
pho6phomol;ybdic acid after acidification with 
nitric acid The pp is decomposed by barium 
h\drate, and the alkaloid extracted by absolute 
alcohol {v Sonnenschein’s process, ante) , it 
I gives a reddish colour with sulphuric acid and 
reacts somewhat like strychnine with sulphuric 
acid and potassium dichi ornate Curarme how 
ever, is not precipitated from its solutions by 
potassium dichromate 

Cytisine yields no definite chemical reactions 

The following are the chief trustworthy tests 
for the more commonly occurring poisonous 
alkaloids, dc — 

Aconitine — This alkaloid, as well as the 
closely allied alkaloids pseud aconitine and japa 
conitine, when pure, yield no characteristic 
chemical reactions The colour reactions with 
1 sulphuric and phosphoric acids that have been 
described by authors are untrustworthy, and 
due to impurities 

Apomorphine —Its salts turn green on ex 
posure to light and air, and its solutions on 
boiling With sodium bicarbonate its solutions 
yield a pp which turns green on standing, 
and forms with ether a purple, and with chloro 
form a violet, solution Its solutions strike 
a red colour with ferric chloride and with mtnc 
acid 

Atropine — When warmed with strong sul- 
phuric acid — or, more quickly, when evaporated 
to dryness with baryta water, and the residue 
heated — an odour of stale hawthorn flowers is 
developed 

Brucine — It is turned of a blood red colour 
by mtnc acid, and the red solution becomes 
violet on the cautious addition of a solution of 
stannous chloride It yields an orange red with 
Bulphomolybdic acid , and with sulphuric acid 
and potassium dichromate a deep orange red 
colour 

Caffeine — Crystalhses in silky needles Eva 
porated to dryness with dilute hydrochloric acid 
and a fragment of potassium chlorate, a pink 
residue is left, which turns violet on the addition 
of ammonia '■ 

Cmchomne — It is difficult to get any charao- 
tenstic reaction for this base Its sulphate ia 
soluble m chloroform, and is non fluorescent — 
characters which distinguish it from quinine 

Cocavne — Is not coloured by concentrated 
acids When evaporated to dryness with alco- 
holic potash, the residue when warmed with 
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dilute enlphuric acid evolves an aromatic odour 
of benzoic acid 

Cotchicine — Nitric acid strikes a violet 
colour, which on the addition of sodium hydrate 
changes to a fine orange Strong sulphuric acid 
dissolves the alkaloid to a greenish yellow 
colour, and on the additiorf of a drop of dilute 
nitric acid a play of colours, beginning with 
violet, 18 manifested The subsequent addition 
of caustic soda yields a fine rose tint 

Ooiviine — Oily, and of a mouse like odour 
Its dilute aqueous solution fumes with strong 
hydrochloric acid, and after acidification gives 
no pp with bromine water until supersaturated 
with sodium hydrate, when a white pp forms 
Curanne — Is turned blue violet when 
touched with sulphuric acid and potassium 
dichromate added , but the colour is more per 
Bistent than in the case of stiychnme 

Cytisine — This alkaloid is insoluble in ether, 

, benzene, chloroform, and carbon disulphide It 
dissolves in sulphuric acid without colour, but 
the subsequent addition of nitric acid produces 
an orange coloration Nitric acid dissolves 
cytisine without colour, but on warmmg the 
mixture becomes orange red 

Emetine is said to strike a blood red colour 
with strong nitric acid, but the writer believes 
that this IS due to impurities, and that tests for 
emetine are desiderata 

Oelsemine — Sulphuric acid and potassium 
dichromate produce an immediate but evanescent 
violet coloration, and the chromate is quickly 
reduced The alkaloid is naturally associated 
with gelsemic acid, a substance which in alkaline 
solution fluoresces strongly, and is yellow by 
transmitted, blue by reflected light 

Hyoscyamine — No good chemical test for this 
alkaloid is known 

Jervine — The salts of this alkaloid, especially 
the acetate, are ppd by nitric acid and by 
potassium nitrate 

Morphine gives with nitric acid a deep red 
colour, not materially altered by the subsequent 
addition of stannous chloride W ith sulphuric acid 
and potassium dichromate a green coloration 
18 gradually developed Feme chloride gi\es a 
blue or blue green coloration It liberates 
iodine from iodic acid, and the mixture shaken 
with chloroform imparts a violet tint to this, 
but the brown colour is only deepened and 
altered in tint by ammonia Sulphomolybdic 
acid gives an immediate purple coloration 

Naicotine — Uncoloured by sulphuric acid, 
except this contains a trace of nitric acid, when 
a fine cherry red colour is gradually developed, 
and 18 persistent Its acidulated solution when 
warmed with bromine water, added drop by drop, 
develops a purple or violet tint 

Nicotine — Oily, and having the odour of 
tobacco Freely soluble in water Its acidu 
lated solutions give a copious pp with bromine 
water, and this pp disappears when excess of 
BCj^ium hydrate is added 

Physostigmine — Sulphunc acid gradually 
produces a reddish colour Its solutions acquire 
a red colour on standing, and at once when 
treated with sodium hydrate and warmed, and 
on evaporation leave a bluish residue which on 
aoidulation afiords a dichroic (red and blue) 
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solution, which becomes permanently red on 
standing 

Pilocarpine affords no very charactenEt*o 
chemical reactions With sulphuric acid and 
potassium dichromate a green colour, due to 
reduction, is developed 

Piperine has the pungent fragrant odour of 
pepper It is turned of a deep red colour by 
sulphuric, and of an orange colour by nitnc acid 
Quinine — Its solution m sulphuric acid is 
fluorescent Treated with bromine water and 
then excess of ammonia added, an emerald 
green coloration is produced 

Salicin — A neutral glucoside It is not 
withdrawn from its acid or alkaline solutions bv 
ether, benzene, or chloroform, and hence is 
not obtained in the ordinary processes for the 
separation of the alkaloids It is turned of a 
cherry red colour by sulphunc acid, and then on 
the addition of potassium dichromate an odour 
of meadow sweet is evolved Fused and par 
tially sublimed in a test tube, and then dissolved 
m water, ferric chloride strikes a violet colour 
Strychnine — Sulphuric acid gives no colour 
till potassium dichromate, MnO , PbO^, or 
ferricyanide of potassium is added, when im 
mediately a fine blue violet colour is produced 
which gradually passes into reddish violet, red, 
and finally cherry red Evaporated to dryness 
with fuming nitric acid, and the lesidue 
moistened with alcoholic potash a deep orange 
colour IS produced 

Veratiine — Touched with strong sulphuric 
acid, this alkaloid gradually develops a fine 
red colour, or immediately on warming Its 
solution in cold strong hydrochloric acid is 
colourless, but becomes mtensely red on boiling 

T & 

ALKAMINES, alcamines, alkmes, or alcmes 
Names used by Ladenburg to denote substances 
that contain both alcoholic hydroxyl and amido 
gen, such as oxy ethyl amine, C^H^(OH) NH, 
ALKANET The commercial name of two 
different plants True alkanet is Lawsonia 
inerwts, false alkanet is Anchusa tinctoria The 
leaves of Lawsonia contain a yellow dye, its 
roots contain a red pigment, used as a cosmetic 
The root of Anchusa {Orcannettey Radix Al 
cannee spurice) contains anohusin 

Anchusin or Alkannin (BoUey a 

Wydler, A 62, 141) or C„H oO^ (PeUetier, A 
6, 27) or C, 5 H ,^04 (Carnelutti a Nasmi, O 1880, 
283 , B 13, 1614) Obtamed by extracting the 
root of Anchusa tinctoria with petroleum , the 
crude product is treated with dilute potash, the 
filtrate is shaken with ether, and the alkannin is 
ppd by a current of COj. It is a browmsh red 
mass with a metallic lustre , sol ether, chloio- 
form, and acetic acid, si sol alcohol Softens 
below 100° Alcohohc solutions give with 
baryta water a blue pp of a banum compound 
NaOAc and Ac^O produce a crystalline di acetyl 
derivative C,aH, 3 AcP^(?) Nitnc acid forms 
oxalic and succinic acids Alkannin appears to 
be allied to santahn An alcoholic solution of 
alkannin dyes cotton mordanted with alum, 
violet , iron mordants give a grey colour Turned 
blue by alkalis, especially ammonia (Bfittger, J 
pr 107, 46, Enz, J 1870. 936) Alkannm. 
unlike rosanmne, is not abstracted by cubes of 
gelatin from its solution. Its absorption spec- 
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trum shows 8 bands, dividing the spectrum 
between D and the blue strontium lino into 
4 equal parts On adding ammonia the red 
bolution turns blue, now showing 2 bands, one 
at D, the other in the red, two thirds of the way 
towards the lithium line (A Dupi6, C J 37,572) 
ALKARSIK Name given by Bunsen to 
cacodyl or arsenic di methide {q v), C H^As, as 
being empirically alcohol in which O has been 
displaced by As {A 24, 271) 

AL&TL An alcohol radicle 
ALKOYL An acid radicle 
ALLANIC ACID C^H^N^OsAq 
Formed, together with urea and allanturic 
acid by the action of nitric acid in the cold on 
allantoin (E Mulder, A 159, 353) Stellate 
needles (from water) SI sol cold water De 
composes at 210°-220° without melting Docs 
not give off gas with HNO3 containing N O, 
Gives no pp with CaCl Aq and NHyAq Gives 
pps with AgNOjAq and NHgAq and with basic 
lead acetate, but not with neutial lead acetate 
Salts — NH4A' prisms —HO Pb A' ppd by 
basic lead acetate —2PbA'^5Pb{OH)^ — AgA'aq 
amorphous pp 

ALLANTOXC ACID 

e NH CO NH CH(CO H) NH CO NH, 
A solution of allantoin in aqueous potash which 
has stood for some days, no longer gives a pp 
with acetic acid, even after some time , but if 
a little alcohol be also added, and the liquid be 
left in an exsiccator oier lime, crystalline 
potassic allantoate, KA', separates (E Mulder, 
A 159, 362 , Schlieper, A 67, 231 , Ponomarew, 
J R 11, 13) The solution of potassic allan 
toate gives crystalline pps with Pb(OAc)^ and 
AgNOj, but not with BaClj BaClj and alcohol 
give a hygroscopic curd} pp 

Salts — NHjA' — NaA aq — KA' — BaA'2 2aq 
— PbA' aq — AgA' 

ALLANTOIN C,H,N,0, t e 
.NH CO 
I 

\NH CH NH CO NH, 

.NH CH(OH) 
orOO< I 

\nH C N CO NH, 

Mol w 158 S 62 at 20° , 3 3 at 100° 

Occurrence — In the allantoic liquid of the 
cow (Lassaigne, A Ch [2j 17, 301 , compare 
Vauquelm, A Ch 33, 269) In urine of sucking 
cahes (Wohler, A 70, 229) Occasionally in 
nrine of dogs (Salkowski, B 9, 721, 11, 500, 
Meissner a Jolly, ^ 1865, 131) In the young 
leaf buds of the plane and maple, and in the 
bark of the horse chestnut tree (E Schulze, B 
14, 1602 , J pr 133, 147 , H 9, 425) In wheat, 
to the amount of 5 p c of the embryo (Richard 
son a Crampton, B 19, 1181) 

Formation — 1 By treating uno acid with 
boilihg water and PbO, (Liebig a Wohler, A 
26, 244, E Mulder, A 159, 349), with KOH 
and potassic ferricyamde (Schlieper, A 67, 216), 
or with KMnO< (Claus, B 7, 227) — 2 By heat 
mg glyoxylic acid (1 pt ) with urea (2 pts ) eight 
hours at 100° (Grimaux, C R 83, 62) — 8 By 
the action of nitrous acid on dialuric acid (Gibbs, 
A Suppl 7, 887) — 4 By heating mesoxalio 
acid with urea at 110° (Michael, Am 5, 198) 
Propertua — Glassy monoolmio prisms 


(Dauber, A 71, 68) Tasteless Neutral 

Readily soluble in alcohol « 

Reactions — 1 Dry distillatum gives am- 
monic carbonate and cyanide, and charcoal —2 
Gently heated with kych ochlonc or nitinc acid 
it gives urea and allanturic acid — 3 Hot 
sulphuric acid forms CO^, CO, and NHj — 4 
Boiled with baryta water, CO , NH,, oxalic acid, 
and hydantom are got (Baeyer, A 130, 161) — 
5 Hot cone potash forms CO^, NH„ oxalic acid, 
and acetic acid — 6 Cold potash slowly forms 
allantoic acid {q v) — 7 Nitric acid of S G 1 35 
forms, on boiling, allanic acid (q v)--S 
Potassic femcijanule and KOH form allantoxanio 
acid (Muldei, B 8, 1291) — 9 Sodium amalgam 
forms glycoluril, C^H N,0^ (Streckera Rheinec^ , 
A 131, 119) 10 Hiidric iodide reduces it to 

urea, and h} dantom or glycolyl urea (Baeyer, A 
117, 178) 

Tests —1 A cone solution of furfurol, to 
which a little HCl has been added, gives a violet 
colour with an aqueous solution of allantoin 
(Schiff, B 10, 771) —2 Mercuric nitrate (but 
not chloiide) gi\cs a pp , as with urea 100 g 
of di} allantoin require 172 g of mercuric oxide 
The pp 18 (C,H,N,0,),6Hg0 

Compounds with Bases — These are 
formed by boiling aqueous solutions of allan 
tom with metallic oxides They are sparingly 
soluble (Limpricht A 88, 94) — 

(C,H„N,0,) CdO — eji^N^O^ZnO — 

(C^H,N,0,) 5HgO — (C,H,N,03)32Hg0 — 

— (C,H,N^ 03 ),CuO 

The following are described as true salts 
AgC,H N,Og, got as a pp by ammoniacal AgNOi 
— KCiH^N^Oj from allantoin, KOHAq, and 
alcohol, in exsiccator 

Nitrate C^H„N,OjHNO, Amorphous De 
composed by water or alcohol into HNO* and 
allantoin 

Constitution — The constitutional formulce 
given above are chiefly based upon Formation 
2 and Reaction 10 

ALLANTOXAlDIN 

.NH CO 

CjHjNjO^ aq ix CC\ I aq 
\NH C NH 

When allantoxanio acid is liberated from its 


salts, it at once splits up into CO and this body 
(Ponomarew, J R 11, 47) Glittering prisms or 
tables V sol boiling water, si sol cold water 
or alcohol, msol ether Decomposed by heat, 
giving off HCN, HCNO, and NHg Acid reaction 
Boiled with water, or treated with cold Na^COjAq, 
it splits up into formic acid and biuret 
Salts -KA' ppd by alcohol — AgA 
ALLANTOXANIO ACID C^H^NgO* 

< NH CO 

I 

NH C N COjH 

Formation — 1 Allantoin dissolved in aque- 
ous KOH 18 treated with potassic ferricyamde 
until the colour is permanent Acetic acid is 
then added, when C4H2KN8O4 is ppd (Van 
Embden, A 167, 89) — 2 From allantoin, KGH, 
and KMn04 (Mulder, B 8, 1292, Ponomarew, 
J R 11, 19) —3 From oxalyl-^-ureide and 
aqueous potash (P B 18, 982) 

Properties —The acid, hberated from its lead 
gait by H^S, splits up into allantoxaidm and CO,. 
Balti~NH4A' needles — (NHJ,C4HN,04. 
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—KA' silky needles S 86 Boiled with water, 
it gives COj, biuret, and formic acid Beduoed 
W sodium amalgam to hydroxonio acid — 
^C4HN,04 aq V sol water, insoluble in dry 
alcohol — Ba(C4H2N804)2 6aq — BaC4HNa04 2aq 
— P^04H2N,04)2 l|aq very tlun needles — 
PbC,HN,04 — AgCtH2N,04t crystalline pp — 
4HN,04 gelatinous 

Ethyl ether C^H >EtN804 from AgA' and EtI 
ALLANTITEIC ACID C3H4N2O8 
>NH CO Glyoxyl urea 
CO< I 

\NH CH(OH) 

Formation — 1 By boiling allantoln with 
HNO„ HCl or PbOj or heating with water at 
140° (Pelouze, A Ch [3] 6, 71 , Mulder, A 169, 
959) — 2 Formed, together with glycoluril and 
urea, by action of sodium amalgam on allantoin 
(Keinecke, A 134, 220) — 3 By boiling allantoic 
acid or alloxanic acid with water (Ponomarew, 
J R 11, 16 , Schheper, A 66, 5) —4 By 
oxidation of hydantoin (Baeyer, A 117, 179 , 
130, 160) —6 By boiling uroxanic acid with 
water (Medicus, B 9, 1162 , Ponomarew, B 11, 
2155) 

Properties — A deliquescent gummy mass 
Insol alcohol Boiling potash forms CO , 1SH„ 
acetic acid, and oxalic acid (Medicus, B 10, 544) 
— halts These are amorphous - KA'HA 2aq 
S 10 — BaA'2 3aq 

ALLENE Name sometimes used mstead of 
Allylene 

ALLITURIC ACID 

S 6 or 6 at 100° Obtained from an aqueous 
solution of alloxantin, mixed with HCl, by 
rapidly evaporating to a small bulk, and treating 
the resulting powder with HNOj which dissolves 
alloxantin but not allitunc acid The latter 
ciystallises from water as a bulky yellowish 
white powder (Schheper, A 56, 20) Not at 
tacked by cone H SO, or HNO, Evolves NHj 
when boiled with KOH 

ALLO — A prefix proposed by Michael {B 19, 
1378) to denote unexplained isomerism, thus 
lumaric acid would be called alio maleic acid 
ALLOCAFFislNE C.H.NjO, 

[196°] (E Fischer, A 215, 276) 

Formation — 1 Obtained by action of water 
on the unstable product of addition of bromine 
to caffeine methylo hydroxide — 2 One of the 
products of action of HCl and KCIO3 on caffeine 
m( thylo hydroxide (Schmidt a Schillmg, A 
228, 162) 

Small white tnmetno crystals, a b 0 = 
6953 1 6401, soluble in benzene, chloroform, 
and hot water, nearly insoluble in cold water, 
sparingly in alcohol or ether 

Reactions — 1 Decomposed by boiling water 
into CO2 and methyl caffuric acid Allocaffeine 
18 therefore probably methyl apocafleine —2 
HNO^ (S G 12) gives cholestrophane, methyl- 
amine, and CO2 — 8 HCl and KCiOs form di 
methvl alloxan, amalio acid, cholestrophane, 
methylamine, and CO2 —4 Bromine appears to 
ojm an addition product, but it is decomposed I 
by water into allocaffeine, cholestrophane, and 
methylamine hydrobromide —6 Boiling baryta 
forms sarcosme, formic acid, and COj 

Cor^titution —Inasmuch as it splits off 
NMeH^ m reactions where caffeine sphts off 
NH«, the Me (and oonsequently OH also) must 


he attached to nitrogen, the formula bmng 
either 

MeN— CH MeN— CO 

I II I I 

00 C— NMe or 00 0— NMe 

I I >C0 I II ^CH 

MeN— 0 = NMe OH MeN -0— NMe OH 

(after Fischer) (after L Medicus) 

ALLOPHANIC ACID C2H4N2O8 
le NH2 CO NH CO^H Urea v carboxylic acid 
The free acid splits up at once into COj and 
urea Its ethers are formed by passing vapour 
of cyanic acid into alcohols 2CONH + HOEt = 
NH CO Et + CONH-NH^CONHCO Et The 
ethers are sparingly soluble crystalline solids 
Salts — BaA'2 obtained from the ether by 
cold baryta water (Liebig a W6hler, A 59, 291) 
When boiled with water it gives off CO^, deposits 
BaCO^, and urea is left in solution Dry dis 
tillation produces basic cyanate, NH3, and COg 
It gives no pp with AgNOg — Salts of Ca, K, and 
Na have been prepared 

Methyl allophanate NH2 CO NH CO^Me 
(Richardson, A 23, 138) 

Ethyl allophanate Eik' [191°] 1 From 
alcohol and the vapour of cyanic acid (L a W ) 

2 From ClCO^Et and urea (Wihn a Wischin, 
Z [2] 4, 6) — 3 Together with oxamide and 
alcohol by heating urea with oxalic ether at 
135°-170° (Grabowski, A 134, 115) —4 From 
potassic cyanate, alcohol, and chloro acetic ether 
(Saytzeff, A 185, 230) or chloroformic ether, 
ClCO^Et (Wilm, A 192 244) — 5 From potassic 
cyanat*^, alcohol, and HCl (Amato, G 3, 469) 
Small needles Tasteless SI sol cold water, 
more soluble m alcohol V si sol cold ether 
(difference from carbamic ether) At 190° it 
slowly changes to alcohol and cyanuric acid 
Alcohol at 160° converts it into carbamic ether 
NH CO NH COpet + H0Et = 2NH2C02Et (Hof 
mann, B 4, 268) 

Acetyl derivative, NHAc CO NH CO Et 
[107°] Silky needles (from alcohol) (Seidel, J pr 
[2j 82, 273) 

Benzoyl derivative NHBz CO NH CO Et 
[163°] Together with alcohol, HCl, and CO2 
from benzoyl chloride and urethane (Kretsch 
mar B 8, 104) 

Propyl allophanate PrA' [150°-160°J 
(Cahours, J 1874, 834) 

Amyl allophanate CjHijA' [162°] From 
cyanic acid and amyl alcohol (Schheper, A 59, 23) 
From amyl alcohol and urea (Hofmann, B 4, 267) 
Unctuous pearly scales (fiom water) 

Oxethyl allop hanate BlO [160°] 

From glycol and cyanic acid vapour Shming 
laminee (from alcohol) (Baeyer, A 114, 160) 
Di-oxy propyl allophanate C8H-(OH)A' 
[160°] From glycerin and cyamc acid vapour 
(B ) Plates (from alcohol) Sol water Heated 
with baryta water, it forms BaCOj, urea, and 
glycerm 

Phenyhallophanate PhA' Cyamc acid 
vapour 18 passed into phenol, the product is 
dissolved m alcohol and ppd by ether 
Slender crystals At 160° it splits up into 
cyanic acid and phenol (Tuttle, J 18o7, 451) 
PropenyFmethoxy • phenyl -allopha- 
nate C,2H,4N204 ^e 

NH2,C0 NH CO 0 OgH,(C HJ OCH, 

From eugenol and cyamc acid vapour (Baeyer 
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A 114, 164) Needles Insol water SL sol 
eold alooholl 

Afmde of allophantc acid 
NH, CO NH CO NH^ v Biuret 

ALLOTBOF? (otherwise turned, otherwise 
formed, from &Wos = another, and rpSiros = man- 
ner) denotes the appearance of one and the 
same substance in several different states, die 
tinguished from each other by different proper- 
ties The term was introduced by Berzelius in 
1840 {J No 20 for 1839, pt ii p 13), because 
he held the term * isomensm ’ to be inadmissible 
where the subject of modification is an elemen 
tary substance, isomeric states being traceable 
to different modes of combining equal numbers 
of atoms of the same elements In the view of 
Berzelius, accordingly, the allotropic modifica 
tions of the elements are not to be explained by 
differences in the arrangement of their atoms, 
but he expressed no opinion whatever about 
their actual cause Since, however, he indicated 
it as probable that even in compounds the ele 
ments retain their allotropic states, and thereby 
often occasion isomeric forms of compounds 
{J No 23, p 61 , No 24, p 32), he appears to 
have been of opinion that the cause of the alio 
tropic transformation is to be souglic in a 
change in the atoms themselves Now that we 
have learned to appreciate more correctly the 
doctrine of Avogadro, and so have become 
accustomed to consider the molecules of the 
majority of elements as particles composed, like 
those of compounds, of several atoms, the dis 
tinction introduced by Berzelius between alio 
tropy and isomerism has lost its original mean 
ing But the term allotropy has been retained, 
being used, however, with reference not to ele 
ments only but also to compounds Accordingly 
we distmguish between allotropy of elements and 
allotropy of compounds The former, accord 
mg to the modern use of the expression, embraces 
all the different forms m which an element ap 
pears , the latter only those cases in which, 
while the composition remains the same, there 
18 a change m the physical, but none, or at any 
rate none of any consequence, in the chemical, 
properties, thus apparently warranting the as 
gumption that there has been no change in the 
linkage of the atoms by which, doubtless, chemi 
cal behaviour is essentially determined Alio 
tropy of compounds is accordingly synonymous 
with physical, as opposed to chemical, isomerism 
But since the two groups of properties are closely 
connected, and any change of the physical is 
usually accompanied by a change, however 
gmalJ, of the chemical also, no sharp line is to be 
drawn between the two kinds of isomerism 

On the other hand, the transformation of one 
allotropic form into another offers so many 
analogies to the transformation of one state of 
aggregation into another that, stnctly speaking 
the three states of aggregation of any substance 
should be described as three allotropic modiffca 
tions of it (Lehmann, Z K 1877 1, 97) Hitherto, 
however, it has not been usual so to describe the 
states of aggregation, and, consequently, on this 
side also, the notion of allotropy is not to be 
defined with perfect exactness The melting of 
ice, for example, is a trtuisformation of the i 
hghter mto the heavier modifilcation of water, I 
lor the particles of the lighter are still retained j 


in the hquid state for some degrees above the 
melting point, and brmg it about t^jat the 
maximum of density appears not at 0*^ but at 
+ 4® Something simila# probably takes place 
in many, if not in all, othei substances, only the 
difficulties of observation are greater But as it 
has been observed that changes in the properties 
of a substance usually proceed differently and 
follow different laws according as the substance 
is near to, or more remote from, its melting- 
point (no matter whether above or below it), we 
may conclude that immediately belo^^ the melt 
ing point the solid substance already contains 
isolated portions of the liquid modification, and 
that above the melting point the liquid body 
still contains portions of the solid modificatioij 
But even if we do not account these changes of 
aggregation as instances of allotropy, the num 
ber of cases of allotropy as yet known, while 
suffering a very important dimmution, will still 
remam pretty consideiable 

I Allotropy of the Elements — Allotropy, 
taken in the narrower sense, has hitherto been 
observed only in the non metallic or semi 
metallic elements Among metals proper it has 
been found only as regards crystalline form, in 
which case it is usually known as dimorphism or 
polymorphism Since, to the best of our present 
knowledge, the gaseous molecules of the metals 
consist of single atoms,’ while those of the semi 
metals and non metals are composed of several 
atoms, the absence of allotropic modifications of 
the metals proper tells m favour of the present 
view, which is different from that of Berzelius, and 
IS to the effect that allotropy of the elements, like 
isomerism of compounds, depends on differences m 
the mode of union of the atoms, and not on any 
changes in the atoms themselves Polymor- 
phism, occurring as it does even among metals, 
may be explained by supposing that there are 
differences m the arrangements of the atoms as 
well as of the molecules, while the existence of 
allotropic modifications in the melted, the dis- 
solved, or the gasified, state points to differences 
in the constitution of the molecules, i e to dif 
ferent modes of uniting the atoms to form mole 
cules 

The appearance of allotropy seems to be 
favoured by smallness of atomic weight, for not 
unfrequently in one and the same natural fami'y 
allotropy shows itself only in the first members, 
while the members with higher atomic weights ex 
hibit it either in some properties only or not at all 
In the family of the halogens, F, Cl, Br, I, alio 
tropy has not been observed, unless we consider 
as such the sphttmg of molecules at high tem- 
peratures mto separate atoms (Victor Meyer) 
Hydrogen does not exhibit allotropy On the 
other hand allotropy is found very notably an 
the first members of the oxygen-sulphnr family 
Ozone exhibits much more strongly marked 
chemical characters, and moreover a greater 
density, than oxygen. If the molecular weight 
of ordinary oxygen is represented by 0„ that of 
ozone 18 probably O,, ozone bemg thus a polf- 
mende of oxygen Sulphur m each of its states 
of aggregation exhibits allotropic modifications, 
and these to some extent correspond with each 
other In the solid state it is (1) rhombic, 

* It thcmld not be forgotten that the data ore most 
meagre.--£i}. 
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=2 07, melting point 113® (Gernez), soluble 
in (2) monochnic D = 1 96, M P 117° 

(^mez), soluble in CS^ (8) amorphous plastic , 
i) =■ 1 90 to 1 93, insoluble in CS^ (4) according 
to Gernez (C R 9B, 144) and Sabatier (C R 100, 
■*346) crystallised in httle rojjswith a lustie like 
that of mother of pearl The last modification 
Maquenne {C R 100, 1499) considers to be dis 
torted rhombic crystals, which according to 
Gernez are very easily produced out of the fourth 
modification (C R 100, 1684) without being 
identical with it Liquid sulphur is (1) imme 
diately above the melting point thin and clear 
(2) at about 200° thick and dark (3) at about 
340° thin and dark The vapour (1) between 
the boiling point (446 ) and about 600° has 

V D =6 6, molecular weight = (2) above 700° 

V D =2 2, molecular weig it = S The behaviour 
tof selenton is analogous to that of sulphur 
When solid this substance is (1) red, amor 
phous, vitreous, or pulverulent, D =4 26, soluble 

n CSj (2) red, crystallised, monochnic, iso 
morphous with sulphur, D =4 51, soluble in i 
CSg (3) gray, granularly crystalline, D =4 80, 
insoluble in CS Whether the black foliated 
crystals, insoluble m CS , D =4 80, obtained from 
a solution of potassium selenide, are identical 
with the third modification remains to be deter 
mined Liquid selenion is (1) at low tem 
peratures m a thin stratum light red and 
transparent (2) at higher temperatures, dark 
Gaseous selenion under 1400° consists in part of 
molecules composed of more than two atoms 
above 1400° all the molecules are diatomic, 

V D = 5 08, molecular weight Se Of tellurium 
no allotropic form is known with certainty, yet 
It 18 worthy of remark that its electrical con 
ductivity, like that of selenion, but contrary to 
that of all other conductors of the first class, 
increases with rising tempeiature This maybe 
explained by supposing the production of a modi 
fication with better conductivity As regards the 
nitrogen family, the existence of any allotropic 
forms of nitiogen has not yet been conclusively 
proved, but solid phosphorus exists in thiee 
foims (1) colourless, veiy easily buint, soluble 
in eSj and in many oils crystallising out of 
these solutions according to the regular system, 

D = 1 83 (2) red, amorphous, D = 2 18 (3) dark 
red crystallised in rhombohedral forms, in the 
highest degree indifferent, D = 2 34 The last 
two forms perhaps represent one and the same 
modification In the liquid state there seems 
to be only one modification— the colouiless , in 
the gaseous state, on the contrary, there appear 
to be two, since the vapour pressure over colour 
less phosphorus is greater than that over red at 
the same temperature, and the vapour condenses 
under certain ciicumstances into the one modi 
fication and under other circumstances into the 
other Arsenic is (1) amorphous, D =4 72, 
less easily oxidised than the following variety 
(2) crystallised in rhombohedral forms, D = 6 73 
Whether explosive antimony {Gore), D = 6 83, is 
a distinct modification cannot be quite definitely 
determined, since it cannot be obtained free from 
ehlonde For ordinary antimony D = 6 71 Of 
bismuth no allotropic modification is known 

In the carbon family carbon exists (1) as 
diamond, regular, very hard, D = 3 62 (2) as 

graphite, either ibombohedral (Kenngott), or 
VoL. 1 


monochnic (Clarke, Nordenskiold), D =23$ 
(3) amorphous charcoal, D = 1 87 to 2 30, agree 
mg with graphite m many properties and hence 
perhaps not to be regarded as a distinct modi 
fixation Silicon (1) amorphous, easily oxi 
dised (2) crystallised according to the regular 
system, D = 2 20 to 2 49 The so called graphi 
toidal variety consists of distorted regular 
crystals Of titanium and thorium allotropic 
forms are not known Znconium has been oh 
tamed amorphous and crystallised Tin also 
appears to be dimorphous 

The element boron is probably capable of 
allotropic modification, yet hitherto it has been 
obtained pme only in the amorphous foim 
The crystallised always contains aluminium or 
carbon Some of the platmum metals, namely 
iridium and palladium are said to occur in two 
forms, regular and hexagonal 

II Allotropy of Compounds, or Physicai* 
IsoMFitifeM, may be theoretically defined as iso 
merism with identity of atomic linkage The 
following inorganic compounds exhibit remark 
able instances of allotropy calcium caibonate 
(as calc spar and arragonite) , silica (quaitz, 
trid} mite, agate) , titanium oxide (rutile, brookite, 
anatase) , the niti ates of sodium, potassium, am 
monium, and silver , sodium metaphosphate , 
arsenious and antimonwus oxides , the sulphates 
of magnesium, non, and copper , potassium di 
chromate , silver iodide , zinc chloivde , mercuric 
chloride , manganous chloride , and indeed many 
other substances Many instances of allotropy 
have also been observed among the compounds 
of carbon, particulaily in the following sub 
stances benzophenone , isohydrobenzoin diace 
tate (Zincke) , dib) omopropionic acid (Tollens) , 
tolylphenyl ketone (Van Dorp, Zincke) , meta 
chloronitrobenzene , chlorodinitrobemene (18 4) 
(Laubenheimer) , oxycamphoronic acid (Zepha 
rowich) , the benzo}lated and anisylated hy^ 
droxylamines (Lessen) , hydioquinone , paia 
nitiophenol, stilbene chloride, dibromofiuorenc 
(Lehmann) , tetramcthyldiamido triphenyl meth 
ane , diphenylnaphthylmethane , peniamethyU 
leukaniline (E Fischer, Lehmann) , dibenzoyl- 
diamidodibroinodiphenyl (E Lellmann) No 
definite and regular relation between the compo 
sition of carbon compounds and the existence of 
allotropic forms of these compounds has as yet 
been recognised 

The production of allotropic modift 
cations, and the transformation of one 
modification into another, are effected as 
a general rule, by changes of temperature The 
oases in which we are entirely ignorant of the 
conditions under which allotropic modifacations 
are produced, are but few The most notable is 
that of one of the modifications of carbon — the 
diamond, but on the other hand the transforma- 
tion of diamond into graphite has been observed 
One of the allotropic states usually correspoLds 
to a specified interval of temperature, so that at 
a definite limit of temperature the one modifica 
tion passes mto the other Yet we frequently 
succeed m coohng the modification belonging to 
the higher temperature below the lower limit, 
and sometimes also in heatmg the other modi- 
fication above this lunit, without any transfor- 
mation taking place But when such a modifi- 
cation IB preserved above its fixed limit, the 
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of equllibnum attained by its particles is 
imetable, and is often destroyed by very trifling 
causes, a particularly easy means of upsetting it 
being to bring the substance into contact with a 
crystal of the modification that is stable at the 
pievailing temperatuie On transformation into 
the stable form thereupon ensuing, heat is pro- 
duced or disappears, according as contraction or 
expansion takes place Ihis thermal effect may 
be very considerable 

The temperature of transformation has been 
determined for rhombic and monoclinic sulphur 
by L Th Reicher {Z K 1884 8, G) to be 95 0° 
Below this the rhombic form is stable, above it 
the monoclinic, the other being unstable The 
amorphous form is unstable at all temperatures 
below, and also for a considerable interval above, 
the melting point , the temperature at which it 
becomes stable has not been determined, but 
probably it lies not far below the boiling point 
When cooled quickly both the monoclinic and 
the amorphous form may be kept a considerable 
time at comparatively low temperatures One 
might be tempted to suppose that the modifica 
tions that have thus become unstable would pass 
into the stable foims the more easily the greater 
the distance of their temperature fiom that of 
transformation , yet below the temperature of 
transformation this is not the case , on the con 
trary, transformation into the rhombic modifi 
cation ensues the mure easily the higher the 
temperature and therefore the nearer it comes 
to the temperature of transformation This is 
undoubtedly due to the circumstance that the 
mobility of the particles increases as the tempe 
rature mcreases The behaviour of selenion is 
similar to that of sulphur Amorphous selenion 
18 produced only above the melting point, which 
IS 217°, nevertheless when this variety is quickly 
cooled it remains stable for some time, and 
begins to pass into the grey crystalline form only 
at 80° (BLittorf) , the progiess of this change is 
however more rapid at 125° The temperature 
of transformation of the red soluble crystals of 
selenion is about 110° (Mitscherlich) 

The conditions under which phosphorus 
passes from one of its modifications into another 
are very remarkable If colourless phosphorus 
is vaporised m a vessel too small to contain 
the whole of the phosphorus as vapour, the red 
variety is formed at 210° and upwards, the 
change proceeds more rapidly at 260°, and very 
quickly above 800° Conversely, red phosphorus, 
if it can transform itself freely into vapour, and 
if the vapour is allowed to cool, is re converted 
at 260° into the colourless form the red modi 
flcation IS formed only if the vapour has been 
heated above a red heat and then allowed to 
cool (Hittorf) Arsenic vapour condenses below 
220° to form amorphous arsenic , at a higher 
temperature to form crystallised At 860° the 
former passes into the latter with production of 
heat. Tm is converted by very great cold, under 
condition snot yet exactly determined, into loosely 
oohenng columnar aggregations of grey colour 
and dimimshed density (Fritsche, Petri, Schertel) 
Light too may bring about the production of 
allotropio modifications , through its mfluence 
selemon and tellurium tempox^^y acquire a 
better electnc conductivity — a fact which has 
been aj^hed m telegraphy Phosphorus be 


I comes red through the action of hght Elect 
tncity likewise may convert phosphqrus, mi 
vacuo, into the red modification, but perhaps the 
transformation may be due only to the heat 
produced 

Among compound substances the phenome 
non of transiormation of one allotropio 
modification into another has been obseived by 
many authors, but it has been studied with 
special attention by 0 Lehmann {passim, and 
in later papers in Z K) He has proved that 
it obeys the same laws that hold for the ele- 
ments In most cases an unstable modification, 
differing from the ordinary stable one, is ob 
tamed by raising a substance to a high tempera- 
ture and then cooling it quickly to a temperature 
a long way below that of transformation It is 
supposed that in such circumstances the parti- 
cles do not find time and opportunity to assume 
the position of equilibnum corresponding to the 
lower temperature The unstable state thus 
produced may be assumed alike by solid, melted, 
and dissolved, substances, and may be main- 
tained, especially at pretty low temperatures, for 
a long time In many cases, e g , m that of 
hjdroqumone, the one modification (m this case 
the unstable) is obtained by melting or sublim- 
ing , the other form is obtained fiom solutions In 
other cases, either form may be obtained from the 
same melted body, or from the same solution, 
according as it is brought into contact with a 
crystal of the one form or of the other If frag- 
ments of crystals of both modifications are in- 
troduced simultaneously, both of them at first 
increase in size , but as soon as the two crystal 
line masses come into contact the form that la 
stable at the prevailing temperature grows into, 
and at the expense of, the unstable, while the 
latter dissolves or is consumed As a general 
rule the modification that is unstable at a low 
temperature has a lower melting point than the 
stable, BO that many substances on being heated 
are observed first to melt, then to solidify again, 
with transformation into the other modification, 
and finally to melt a second time This pheno- 
menon may be observed with special distinctness 
in the case of dibenzoyldiamidodibromodiphenyl, 
because here the melting points of the two forma 
lie unusually far apart The needles of this 
substance crystallised out of alcohol melt at 
196°, when quickly cooled the melted substance 
solidifies to a vitreous mass, which, when again 
heated, melts at 99°, re solidifies in a crystalline 
form between 125° and 130°, and then melts 
once more at 196° (^Lellmann) 

Many compounds, especially inorgamc com- 
pounds, behave like selemon , the form pro- 
duced at high temperatures may remain stable far 
below the temperature of transformation, and 
may become unstable only on being heated to 
the neighbourhood of the temperature of trans- 
formation Arragonite, the rhombic form of 
calcium carbonate, which separates from hot 
solutions (and according to G Rose from very 
dilute cold solutions also) is perfectly stable at 
ordmary temperatures If, however, a crystal la 
heated, it breaks up, long before giving off car- 
bon dioxide, into a mass of small crystals ot 
calc spar (l^dinger), thus passmg over into 
the rhomlwhedral form, which is produced at 
lower temperatures Bock-crystal and amorphous 
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•llioA are perfectly stable at ordinary tempera 
tures, 6ut at the temperatures of the porcelain 
kiln they are changed into tndymite, the third 
modification, which in turn is likewise stable at 
lower temperatures As regards other substances, 
particularly organic compou&ds, the forms to be 
classed as unstable usually possess much less 
stability, but still of course they are not alto 
gether destitute of it This persistence in a state 
no longer completely stable may be explained by 
supposing that a certain impulse, or an increase 
cf the proper motion of the particles, is required 
to change the state — to make the particles leave 
their respective positions and pass over into new 
ones That the change is attamed most easily 
ifhd most surely by contact with a crystal of the 
stable modification, is undoubtedly due to the 
, power of every crystal to give to the particles 
settling on it a definite and regular orientation 
and arrangement L M 

ALLOXAN C,H,N,0, aq (and 4aq ) 

lU) QQ^CO Mcsoxalyl urea Mol 

w 142 — Discovered in 1817 by Brugnatelli, who 
named it erythric acid Subsequently examined 
by Liebig a Wohler (A 2b, 2bb), and by 
fechlieper (A 55, 255) 

Fcnmation — 1 By oxidation of uno acid by 
HNOg (SGI 42) diluted with water (9 pts ) at 
70® By adding SnCl^, alloxantin is ppd , and, 
after washing, is re oxidised to alloxan by nitric 
acid (2 pts of S G 1 o2 mixed with 1 pt of 
b G 1 42) in the cold (Liebig, A 147, 560, Bl 
r2] 9, 152) —2 Prom uric acid and aqueous Br, 
Cl, or I (M E Hardy, Bl [2] 1, 445) —3 From 
xanthine, KClOg, and HCl (E Fischer, A 215, 
510) 

Properties — A warm saturated aqueous solu- 
tion deposits on cooling trimetnc efliorescent 
crystals (with 4aq) If the solution is kept 
warm while evaporating monoclmic prisms (with 
aq) are got V sol water or alcohol, ppd from 
solution by HNO, Astringent taste, reddens 
litmus, does not decompose CaCO, Aqueous 
solution turns the skin puiiile, imparting a pecu- 
liar smell 

Reactions — 1 Hot dilute nitmc acid forms 
COj and parabanic acid, the latter then becoming 
CO^ and urea — 2 Boiling potash forms mes 
oxaho acid and urea - 5 Boiling very dilute 
sulphwnc acid forms ammonic hydurilate — 4 
Boiling aqueous HCl oi H SO, forms alloxantin, 
which sepal ates, dialuiic acid ammonic oxalate 
etc , remain in solution —6 Boiled a long time 
with water, it forms CO^, parabanic acid, and 
alloxantin — 6 By i educing argents (H^S, SnCL^ 
Zn and HCl) it is converted mto alloxantin, and 
finayy into dialuric acid — 7 Boiled with 
ammonia and sulphurous acid, it forms ammonic 
thionurate (g v) -8 KHO or baryta converts it 
into alloxanic acid , baryta or lime water giving 
white pps of banc or calcic alloxanate If the 
alkali be m excess, the pp contains mesoxalate 
9 "^arm aqueous ammonia forms a yellow 
jelly of the ammonium salt of * myoomehc acid ’ 
C^HjN^Oj (L a W ) — 10 Ferrous sulphate gives 
a deep blue colour — 11 Boiled with water and 
PbOy there results CO^, PbCO„ and urea. — 12 
Boilmg aqueous lead acetate forma lead mes 
oxalate and urea — 13 Boiling aqueous NaNO, 
and acetic acid form sodio oxalurate (GibbSy 


Am 8 [2] 48, 215) — 14 Ilijdroxylamine hydro 
I chloride forms violuric acid — 15 With a dilute 
solution of pyrrol it forma crystalline pyriol- 
alloxan (Ciamician a Silber, B 19, 106, 1708) — 
16 PClj mixed with POCl, at 130® forms tetra 
chloro pyrimidine (Ciamician a. Magnaghi, B 18, 
3444) 

Metallic derivatives — C^Ag^N^O^ — 
C4H^Np^Hg07aq ppd by mercuric nitrate — 

Compounds with B isulphites — 
C^HjNaO^NaHSOjl^aq large crystals, v sol 
water — C^H^N^O^KHbOjOq m sol cold water, 
V sol hot water — C^H^N^O^NH^HSO, (Lim- 
pricht a Wuth, A 108, 41) 

ALLOXANIC ACID C,H N,0, 
t e NH CO NH CO CO CO,H Me^oxaloxyl urea 
8 (alcohol) about 20 (Liebig a Wohler, A 26, 
292 , Schlieper, A bo, 265 , 56, 1 , Stadeler, A 
97, 122 , Bae} er, A 119, 126 , 150, 159) Formed 
from alloxan by treatment with aqueous fixed 
alkalis or alkaline carbonates White needles or 
warty masses V sol water , si sol ether 

Reactions — 1 Boiling the aqueous solution 
produces CO , leucoturic acid (g v ), allantuno 
acid and hydantoin — 2 Alloxanates aie con 
verted by boiling water into mesoxalates and 
urea —3 Nitiic acid forms CO^ and parabanic 
acid — 4 HI reduces it to hydantoin, giving off 
CO2 (Baeyer) 

Salts The alkaline alloxanates are soluble 
in water The normal salts of other metals 
are usually insoluble Ferrous sulphate 
gives a dark blue pp with potassic alloxanate 
NHjC^H^N^Oj 8 about 30 — BaH^A^j 2aq — 
BaA' 4aq — CaHA'^fiaq 8 5 — CaA"5aq — 
CuA"4aq 8 17 to 20 - CuA"Cu(OH)2. — 
PbH2A"2 2aq — Pb3HA"4 7aq — PbA"aq — 
Pb3A"2(OH)2 — MgA '5aq — NiA"2aq — KHA" — 
K^A'^daq — Ag^A" — SrA"4aq — ZnPLJi!^ — 
Zn,OA"j 8aq 

Iso alloxanic acid C^H.N^Oj Obtained by the 
action of alkalis upon the red substance got by 
heating alloxan at 260® (L Hardy, A Ch [4J 
2, 572) A similar body may be got by the 
action of bromine water on uiic acid (Magnier 
de la Source, Bl [2] 22, 66) Its solution then 
gives with baryta water a splendid violet pp of 
banc iso alloxanate, which, however, when 
exposed to moist air soon changes to colourless 
banc alloxanate 

Salts — (NHJ^A" red powder v sol water 
forming a purple solution, which gives with 
AgNO, an mdigo blue pp , and with K^CO, a 
violet colour 

ALLOXANTIN CgH^N^O, 3aq 
(Liebig a Wdhler, A 26, 262, Fntzsohe, J pr 
14, 237) 

Formation — 1 By action of warm dilute 
BCNO, on uno acid — 2 By action of electrolysis 
or of reducing agents on alloxan (g v ) —8 By 
dissolving alloxan m a concentrated aqueous 
solution of dialunc acid C4H2N2O4 C4H4N2O4 •• 
C,H4N^0, 4- BI!20 — 4 By heating uranil or am- 
monium thionurate with dilute H 8O4 — 6 By 
action of air on dialunc acid — 6 1 1 the decom- 
position of caffeine by chlorine — 7 By heating 
a mixture of malomc acid and urea with excess 
of POCl, (Gnmaux, G B 87, 762 , 88, 85) —8 
By the prolonged action of H,S upon ^-bromo- 
barbiturio acid (G ) 

Prtyperties —Small oblique rbombie pnsznt. 
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Beddens litmna V §1 sol cold water Gives 
with baryta water a violet pp Reduces AgNOj 

Beactxons—l At 170 gives hydurilic acid, 
oxalic acid, CO^, CO, and NH, — 2 Oxidation 
gives alloxan — 3 Reduction forms dialurio 
acid. — 4 Ammonia gas turns it red, forming 
niurexide — 6 Aqueoiis ammonia forms a purple 
solution, long boiling bleacnes it, uranil being 
formed This is then converted into murexide 
by atmospheric oxidation — 6 The purple pp 
reduced by baryta water disappeais on boihng, 
anc alloxanate and dialurate being formed 

ALLOTS — The woid alloy was originally 
employed to designate the product obtained by 
mixing gold or silver with other metals , its ap 
plication IS now general, all mixtures or com 
pounds of metals with each other being named 
alloys, except those containing mercury, which 
are termed ‘ amalgams ’ For a detailed desenp 
tion of special alloys, reference must be made 
to one of the constituent metals , only the 
general properties of the allots will be here 
considered 

On melting two metals together, or on melt 
ing one and adding the other, complete assimi 
lation takes place in some cases and not in 
others Thus, silver easily mixes or alloys with 
gold, copper, or lead , but neither silver nor 
copper can be readily induced to unite with 
iron In the cases of those metals which do not 
completely mix when melted together it usually 
happens that a small quantity of one is taken 
up by the other , thus, Faraday and Stodart 
found that iron is able to absorb fo^th of its 
weight of silver with production of a homogeneous 
alloy, the properties of which are considerably dif 
feient from those of iron , but that if more silver 
than frjgth of the mass of the iron is present, the 
greater part of the silver separates during cooling, 
and that which remains can be detected by the 
microscope If silver is melted with addition of 
a small quantity of iron, the latter metal allots 
to some extent, but it is impossible to obtain 
mixtures of these metals in any desired proper 
tion On the other hand, silver and copper, or 
silver and gold, form alloys in which the proper 
tion of the two metals may be varied at will 

The physical properties of alloys are in some 
cases nearly the mean of those of their con 
stituent metals , but in other cases a wide 
diffeience is observable between the properties 
of the alloy and the properties of the metals 
which have been used to form it Matthiessen, 
to whom we owe most of our knowledge of the 
propel ties of alloys, divides all metals into two 
classes (1) those which impart to an alloy their 
own physical properties, to a less or greater degree, 
according to the proportion in which they them 
selves exist in the alloy , and (2) those which do 
not come under class (1) To the first class 
belong the metals lead, tm, zme, and cadmium , 
and to the second, m all probability, the other 
metals The alloys themselves may also be 
divided into three groups (a) those made of the 
metals belonging to class (1), (6) those made of 
metals ^ class (1) with class (2) , and (c) those 
made of class (2) with one another This classi- 
fication 18 largely based on the relative conduc- 
tivity for electricity of the metals and of the 
alloys which they form with each other 
AiatUnessen found that the metals placed m 


class (1), when alloved with each other, 
products the conducting powers of wlfich for 
heat and for electricity are proportional to the 
relative quantities by volume of the constituent 
metals , but that this is not the case with alloys 
of the metals of dabs tl) with those of class (2), 
nor with the alloys oi metals of class (2) with 
each other As regards conductivity for heat 
and for electricity, Wiedemann and Franz have 
added to our knowledge by showing that the 
conducting powers of metals and their alloys for 
heat vary in a similar manner to that in which 
their conductivity for electricity vanes This 
statement has been confirmed and amplified by 
Sundall 

Matthiessen regards alloys of the metals 6f 
class (1) as solidified solutions of one metal in 
the other , but supposes that metals of class (2) 
entei into alloys in an allotropic form , and he 
further supposes that when metals are alloyed 
together one or more of the metals may undergo 
allotiopic change Thus, he regards as solidified 
solutions of the metals, alloys of lead with tin, 
cadmium with tin, zinc with tin, cadmium with 
lead, zinc with cadmium, and zinc with lead 
He supposes that in the alloys of lead or tm 
with bismuth, tm or zinc with copper or with 
silver, one metal is dissolved in an allotropio 
modification of the other , and that in alloys of 
bismuth with gold or silver, palladium or piati 
num with silver, or of gold with copper or 
silver, both metals exist in allotropic forms 
Matthiessen does not, however, ignoie the fact 
that certain alloys contain their constituent 
metals in simple atomic proportions , for ex 
ample, the alloys whose composition may be 
expressed by the formulas AuSn^, AuSn^, and 
AuSn, but he regards alloys of intermediate 
composition as solidified solutions of such de 
finite compounds in each other It is known 
that zinc will not alloy with more than 1 2 p c of 
lead, nor will lead alloy with more than 1 6 p c 
of zinc, yet, by stirring, it is possible to ob 
tain mechanical mixtures of such alloys with 
excess of one or other metal Such mixtures 
are placed by Matthiessen in a class by them 
selves Most of the alloys of silver and copper 
with each other are regarded by him as mixtures 
of various sohdified solutions The hypothesis 
of the existence m an alloy of one of the con 
stituent metals in an allotropic form has re- 
ceived a certain degree of confirmation from 
experiments by DeviUe and Debray, who have 
observed that the indium separated by the action 
of an acid on an alloy of that metal with zinc 
explodes when heated to 300*^, and is changed by 
the explosion into ordinary indium Wiedemann 
has suggested that the contraction of alloys ^fter 
solidification, which sometimes goes on for days, 
18 due to the gradual occurrence of an allotropio 
change in the constituent metals, one modifica- 
tion being stable at high, and the other at low, 
temperatures If the hypothesis of the occurrence 
of allotropio change during the formation of,/3er- 
tain alloys is tenable, it is remarkable that such 
allotropic modifications of metals should be pro- 
ducible by pressure, for Spring has succe^ed 
in producing Wood’s alloy (containing bismuth, 
cadmium, and tin), and also brass, but the latter 
only partially, by exposing mixtures of the metali 
m fine powder to very high pressures 
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On the whole, there appears to be a marked 
lQalop;y*between alloys and solutions It is well 
known that the conductivity of water for elec- 
tricity 18 nearly nil, but becomes considerable 
when the minutest trace of any salt is dissolved 
in it Similarly, the conductivity of copper is 
greatly diminished by the admixture with it of 
minute quantities of other metals Moreover, 
in many other cases a great modification is pro 
duoed m the tenacity, malleability, &o ,of metals 
by very small additions of foreign substances, 
as, for example, by the addition of small quan 
titles of carbon, silicon, sulphur, or phosphorus, 
to iron, of phosphorus to copper, or of mag 
nesium to nickel And just as an aqueous 
solution of a salt must be heated to a tempera 
tuie higher than that of the boiling point of 
water before the whole of the water is removed, 
feo it has been found that alloys of zinc, sodium, 
mercury, dc , must be heated to tempeiatures 
above those at which these metals volatilise 
before the metals in question are entirely re- 
moved from the alloys The analogy between 
alloys and solutions has been strikingly shown 
by Guthrie This physicist has found that that 
alloy of two metals which has the lowest melting 
point does not contain the metals in atomic pro 
portion, but is strikingly similar to an ‘ alloy ’ 
of two salts, such as that of nitrate of potassium 
and nitrate of lead Alloys were obtained by 
him of bismuth and zinc (Bi = 92 85 pc 
Zn = 7 15 p 0 ), melting at 248® , of bismuth and 
tin (Bi = 46 1 pc Sn = 63 9 pc), melting at 
133°, of bismuth and lead (Bi = 65 58 pc 
Pb = 44 42 p c ), melting at 122 7°, and of bismuth 
and cadmium (Bi = 59 19 pc Cd = 40 81 pc), 
melting at 144° None of these alloys contains 
the metals in the proportion of their atomic 
weights, and the melting point of each alloy is 
the lowest of all possible alloys of the specified 
pair of metals Such alloys are termed by 
Guthrie eutectic alloys , they appear to be m 
some sense solidified solutions, resembhng cryo- 
hydrates We are still ignorant of the true 
nature of such mixtures, if mixtuies they be 
Spring {B 16, 695) has prepared several 
alloys by subjecting mixtures of the constituent 
metals to pressures of about 7,000 atmos In 
this way he obtained brass, Wood’s alloy (Bi, 
Cd, and Sn), and Rose’s alloy (Bi, Pb, and Sn) 
References — Matthiessen, B A 1863, 37 , 
and C J Trans 1867, 201 , also P R I March 
20th, 1868 Deville and Debray, C R 94, 1557 
Spring, B 15, 695 Wiedemann, W 3, 237-250 
Crookewit, A 68, 290 Furstenbach, Bayerisches 
Industrie und Oewerheblatt, 1869 Sundall, 
A Ch 149, 144 Grace Calvert a Johnson, A 
Ch 46, 454 Guthne, P M June, 1884 
• W R 

ALLTOANIC ACID (?) Formed 

by evaporating an aqueous solution of equiva 
lent quantuties of urea and alloxan (Mulder, B 
6,1012) Crystals, si sol water AgA'2aq 

/LLLYL — The radicle CH^ CH CHjf is called 
Allyl, the isomeno radicle CH, CH Cfi being 
termed PropenyL 

DI-ALLYLC«H„i e CH, CH CH, CH, CH CH, 
Hexinene Mol w 82 (59 3°) at 769 mm 
(R Sohifif, A 220, 91) , (69 6°) (Zander, A 214, 
148} S.G 6983, g 7074 (Z),^ 688(Bruhl) 


CE (0°-10°) 00138, (11 9®-60 3*) 0015A 

SV 125 8 (S) , 125 7 (Z) VD 2 84 (for 2 84) 
H F p - 9260 H F V - 11680 (Thomsen) 
Ufi 1 4079 Boo 99 (B ) Critical temperature 
234 4° 

Formation, — 1 From allyl iodide and Na 
(Berthelot a de Luca, A 100, 361), an alloy of 
sodium and tin (Wurtz a Leclanoh6, A Ch [4] 
3, 15o), or iron (Linnemann, BI [2] 7, 424) — 
2 By heating mercury allyl iodide, IHgC,Hj 
alone (Linnemann, A 140, 180) or with aqueous 
KCy (Oppenheim, B 4, 672) 

Reactions — 1 Oxidised by chromic acid 
mixture gives carbonic and acetic acids —2 
Oxidised by KMn04 in neutral solution gives 
CO^, acetic, oxalic, and succinic acids - 8 
Oxidised by KMn04 ^cid solution gives CO^ 
acetic acid, and succinic acid (E Sorokin, J pr, 
131, 1) 

Constitution — The formation of acetic acid 
by oxidation of di allyl seems to favour the 
formula CH, CH CH CH CH CH, , while the for 
mation of succinic acid is more in accordance 
with the formula CH, CH CH, CH, CH CH„ a 
formula that is further supported by the con 
version of di allyl into di propargyl The oxalic 
acid may be supposed to be formed by oxidation 
of the succinic acid Acetic acid may be con 
Bidered to be formed from intermediate hydrates, 
CH, CH(OH) CH, CH, CH CH, 
and CH, CH(OH) CH, CH, CH(OH) CH, 
These bodies do, in fact, yield acetic acid when 
oxidised According to Sabaneeff {J R 1885, 
35) di allyl forms two tetrabromides and must 
therefore be a mixture of two hydrocarbons 
Combinations — 1 When gaseous HI is passed 
into strongly cooled di allyl, combination takes 
place, the product CH, CHI,CH, CH, CHI CH, 
being formed, v lono hexanes — 2 A smaller 
quantity of HI forms the mono hydro iodide, 
C^HjoHI, (165°), also formed from preceding by 
alcoholic KOH (f lono hexylene) -3 Similaily, 
fuming HCl forms two hydrochlorides — 4 
HOCl forms C„H,„(HOCl)„ di chloro di oxy 
hexane [q v ) — 5 Bi forms tetra bromo hexane 
ALLYL ACETATE C^H^O, i e C,H,C H,0 
Mol w 100 (103°-103 5°) at 735 mm (R Sohill, 
A 220, 109), S G 9276 (Briihl) S V 121 37 
(S) MS 14106 Boo 42 21 (B) 

ALLYL ACETIC ACID 

OAO, le CH, CH CH, CHj CO,H Pentenote 
acid (185°-188° cor) SG U 9866, « 
9842, 9767 MM 6 426 at 14° (Perkin, 

C J 49, 211) Prepared by heating allyl- 
malonio acid (Conrad a Bischoff, B 13, 698) or 
from allyl aceto acetic ether (Zeidler, B 8, 1035) 
Combines with Br, or HBr Not reduced by 
sodium amalgam Oxidised by chromic acid 
to succinic and formic acids 

Salts — EA scales, V sol water, solution 
not ppd by Fe,Clg — CaA', 2aq laminas — 
BaA'j 2aq — AgA' (Messerschmidt, A 208, 92). 
Ether— Et A' (142°-144°) 

DI ALLYL ACETIC ACID C,H,,03 1 e 
(CjHJjCH CO,H Octinovcamd (220°) (C a.B ); 
(218° 222°) (H ) , (224° 226°) (R ) , (227° cor ) 
SG « 9676, 9556, U 9491 MM 10 344 

at 16 4° (Perkin, C J 49, 212) 

Formation —From di allyl aceto acetic ether 
(Wolff, A 201, 49 , Reboul, BI [2] 29, 228) or 
from di allyl malonic acid (Conrad a. Bischoff, 
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B 18, 598) From iodo di allyl acetic acid 
) by redaction (Sohatzky, / B 17, 79) 
Properties — Oil, of disagreeable odour 
Insol water Volatile with steam. 

Reactions — 1 Cone HBr forms, probably, 
an addition product (GH3 CHBr CHJ^OHCO^ 
which instantly splits oft HBr form ng 

.CH, CH CH, 

CH, CHBr CH, CH< | 

\CO 0 

t> Bromo-oxt octoio acid (Hjelt, A 216, 73) — 
2 Br in CHCl, forms probably, an addition 
compound, (CH Br CHBr CH,) CH CO,H, but 
this instantly splits up into HBr and a lactone 
.CH, CH CH,Br 

CHBr CHBr CH, CH< 

\ COO 

V Tn BROMO OXY OCTOIC ACID 

— 3 HNOj (S G 13) forma tn carballylic acid 

(W) 

Salts — CaA' 2aq leaflets— AgA' S 41 at 
16° Ether — EtA' (195°) (R ) 

ALLYL ACETO ACETIC ETHEB v pp 23, 25 
ALLYL ACfcTONE 

CoH,„0 i e CH, CH CH, CH, CO CH, 
Methyl butenyl ketone (129°) SG 834 
From allyl aceto acetic ether (Zeidler, A 187,35) 
Unpleasant smell Forms with NaHSO, an 
amorphous compound, C^HioO 2NaHSOs (0 
Hofmann, A 201, 81) Reduced by sodium 
amalgam to hexenyl alcohol (2 v ) 

DI ALLYL ACETONE 
C^H.-Ote (C3H),CHC0CH3 (175°) 
From di allyl aceto acetic ether (Wolff, A 
201, 47) 

ALLYL ACETOPHENONE v Phkvyl botentl 

EETONE 

ALLYL ACETOXIM 

C«H„ON le C,H, CH, C(N OH) CH, 

(1 88° corr ) Formed by the action of hydroxyla 
mine on allyl acetone Liquid Soluble in alcohol, 
ether, benzene, CS,, ligroine, acids, and alkalis 
By aqueous acids it is resolved into its consti 
tuents It combines with bromme to form a 
di bromide (Nagel 1, B 16, 496) 

ALLYL ALCOHOL 

C^H^O i e CH, CH CH,OH [-60°] (96 6°) 

S G ° 8706, 8576 8 V 74 19 C E (0°-20°) 

^00104 (Thorpe. C J 37, 208) S H 6569 
(Reis, P [2] 13, 447) HFp 81,200 
H F V 29 750 Rod 27 09 (Bruhl, A 200, 176) 
Occurrence,— Crude wood Fpint contains not 
more than one fifth per cent (Aronheim, B 
7, 1381 , Grodzki a, Kramer, B 7, 1492) 

Formation — 1 Dry gaseous ammoma is 
passed into oxalate of allyl till a solid mass of 
oxamide, saturated with allyl alcohol, is 
obtained The latter is then distilled off 
(Zinin, A 96, 862) — 2 Produced, together with 
isopropyl alcohol and aoropinacone (o v ), 
when acrolein is treated with zinc and hydro- 
chloric acid (Linnemann, A Suppl 3, 257) — 
d By the action of sodium on diohlorhydrm 
(Hubner a. Muller, Z 6, 844) — 4 The two 
atoms of ohlonn® may also be removed from 
dichlorhydrin by sodium amalgam (Lourenco, 
4 CA 67i 823), or by copper and potassic 
iodide Z 1868, 259) — 6 Allyl iodide 

(i pt ) If Heated with water (20 pts ) for 00 


hours in a soda water bottle at 100^ The 
yiela is excellent (Niedenst, A 196, 850) 

Preparation — Glycerine (400 pts.) is slowly 
distilled with crystalhsed exaho acid (100 pts ) 
and a little ammonio chloride (1 pt ), to con- 
vert any potassic , oxalate mto ohlonde The 
receiver is changed at 190°, and the distilla- 
tion continued up to 260° The distillate, 
containing aqueous allyl alcohol, allyl formate, 
acrolein, and glycerin, is rectified, dried, first 
with K,COs, then over solid potash, and dis- 
tilled It then boils at 90°, but when the last 
traces of water are removed by quicklmie, it 
boils at 9b° The yield is one fifth of the 
weight of oxalic acid used (ToUens a Hen 
mnger, Bl [2] 9, 894, Bruhl, A 200, 174, 
Lmnemann, B 7, 854) 

Theory of the Process — Carbonic acid is 
first evolved freely (at 130°), but formic acid* 
which must be produced at the same time 
(HCP^ » CO2 + H CO J reacts upon glycenr , 
producing monoformin CjH (OH), + H^CO, 
= HG 4 CjH 5(OH)^(OCHO) The monoformin 
can be extracted with ether, and boils about 
165° in vacuo When distilled, monoformin 
splits up into allyl alcohol and carbonic acid 
C,H (OH),(OCHO) = CO + H,0 + C,H (OH) 
(Tollens, A 156, 140) When a large quantity 
of oxalic acjd is used, the excess of formic acid 
does not produce diformm, but comes off as 
formic acid {q v ) 

Properties —A pungent liquid, with a burning 
taste It mixes with water, alcohol, and ether 

Constitution — That allyl alcohol has the for 
mula CH, CH CH,OH and not CH, CH CH OH 
may be inferred from the fact that it yields 
no acetic acid when oxidised by nitric acid 
A similar remark applies to allyl iodide (Kekul6 
a Bmne, B 6, 386) 

Reactions — 1 Chromic acid oxidises it to 
CO^ and formic acid , no acrylic acid is foimed, 
but a pungent odour, which may be due to 
acrolein, is observed (Hofmann a Cahours, A 
100, 257 , Rinne a Tollens, A 159, 110) —2 
When allyl alcohol is heated, with inverted con 
denser, for 5 hours in a water bath with sine 
and dilute H^SO^, about 16 pc is reduced 
to n propyl alcohol CH^ CH CH^OH + H, => 
CH,CH,CH,OH (Linnemann, B 7, 862) ~8 
Solid potosh at 100°-160°, in a flask with in- 
verted condenser, forms n propyl alcohol (by 
reduction), formic acid (by oxidation), ethyl 
alcohol, hydrogen, and other products (Tollens, 
A 169, 92) — 4 Potassium displaces hydrogen, 
forming gelatinous potassic allylate — 6 H SO, 
forms (CsHJHSO, -6 Dilute H,SO, or HCl at 
100° forms an aldehyde, C,H,,0 (0 137°) (Solo- 
nma, J R 1885, 1 145) 

Combinations — 1 With chlorine it forma 
tA-dichlorhydrin CH,C1 CHCl CH,OH {q v) - 

2 With bromine it forms a dibromide, called 
also dibromhydnn, CH^r CHBr CH^OH, (214°) 
60 grms Br are dissolved in 300 grms CS^ and 
dropped slowly (in 4 hours) mto a solution of 
20 grms of allyl alcohol m 100 grms of OS,. 
The product is distilled m vacuo (Michael a. 
Norton, Am 2, 16 , compare Kekul6, A SuppL 
1, 188, Markownikoff, J 1864, 490) Linne- 
mann fays there are two bromides {B 7, 869) — 

3 V^en todtne is added to a solution of allyl 
aloobol in OHCls, U oombmes, and on evapora- 
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tiott CH^CHICHjOH geparates as needles 
Dilute N^CO, converts this into lodallyl alcohol 
[160 ] (Hubner a Lellmann, B 14, 207) — 4 ICi 
unites, forming CjHalC^OH) (Henry, B 8, 
851) - 6 With cyanogen it unites, forming 
CA{CN),(OH), (161°) (Tolleas, B 6, 1045) — C 
BaO combines, forming BaO,2C,HaO — 7 HCIO 
unites, forming a little chlorhydrin {q v ) —8 
Chloral combines with allyl alcohol , the com 
pound, CCl,CH(OII)(OC,H,) [20 6°], (116°), is 
analogous to cMoraJ alcoholate (Oglialoro, O 
4,463) 

DI ALLYL p-AMIDO BENZOIC ACID 

C^H.jNOa t e (C,H,)^ CO,H [127°] From 
allyl iodide and potassic p amido benzoate 
(Michael a Wing, Am 7, 198) 

Di allyl m amido benzoic acid [90°] (Gness, 
B 6, 1041) -HA'HCl aq 
• DI ALLYL AMIDO ETHYL ALCOHOL v 

OXYETHYL DI ALLYLAMINE 

ALLYLAMINE C^H^N i e CH, CH CH, NH, 
Mol w 67 (56°) (K Schiff, B 19, 6G5) , (58°) 

(Oeser, A 134, 7) S G 864 (O ) S V 78 38 
(S) HFp-1140 HFv-2880 

Formation — 1 From allyl cyanate (Cahours 
a Hofmann, A 102, 301) — 2 From oil of 
mustard, Zn, and HCl (0 ) — 3 From oil of 
mustard and cone H^SO^ (Hofmann, B 1, 182 , 
liinne, A 168, 262) 

Properties — Liquid with pungent ammoniacal 
odour Miscible with water Strong base 
Dissolves ppd Cu(OH)2 and Ag 0 

Reactions — 1 Combines with bromine — 2 
H SO, at 140° forms a compound which, on 
pouring into water, produces oxy propyl amme 
HO C^H, NH^ 

Salts —(B'HCl)2Pt01< monoclimc tables 
Changed by boihng into (B HCl)2PtCl2 (Lieber- 
manna Paal, B 16,630) — Bj H2S04(Ajidrea8ch, 
M 6, 33) 

Di allyl amine C,H„N ts (C,H,)2NH 
(111°) (Ladenburg, B 14, 1879) 

Tn allyl amine C^H.^N (0,H,),N 

(156°iV) SG g 8206 SV 200 3 (Zander) 

C E (0°-10°) 00108 Formed when tetra 
allyl ammonium hydroxide is distilled (C a H , 
Pinner, B 12, 2054 , Groshemtz, Bl 31, 391) — 
B HCl -B'^H^PtCl, 

Tetra allyl-ammoninm hydrate (C,H,)^NOH 
liquid — ((C8H,),NCl)2PtCl, — (C3H).NBr — 
CsHj)^NI The three last are crystalline 
C a H) 

ALLYL AMYL AMINE C^H.^N x e 
(C3H,)(C,H„)NH (c 150°) SG ^ 777 

From amyl bromide and allyl amme (Lieber- 
mann a Paal, B 16, 631) 

ALLYL AMYL OXIDE CyH.^Ot^ C,H„ 0 C,H, 
(120°) (Berthelot a deLuca, A Ch [3] 48, 292) 
ALLYL ANILINE C,H„N te PhN(C,H,)H. 
(209°) S G 982 (Schiff, A Suppl 3, 864) 

Di allyl amlme C.^H.^N PhN(C,Hj3, 
(244°) S G g 9680 S V 226 2 (Zander, A 
214, 149) C E (0°-10°) 00083 

ALLYL BENZENE C,H,oi e Ph CH CH CH,(?) 
Phenyl propylene Propenyl benzene Mol w 
118 (175°) (P ) , (178'^) (E ) S G 92 

Fonnation — 1 By product in action of 
sodium amalgam on warm aqueous cmnamyl 
alcohol (Fittig a Krugener, B 6, 214 , Biigheimer, 
A 172, 129) — 8 From propyl benzene by Br at 
160° and distilling the pr^nct (Badziszewski, j 


C R 78, 1153) PhC,H«Br-PhC3n3 4HBr 
So prepared it boils at (166°), and its di bromide 
forms needles — 8 From bromo hydro phenyl- 
crotomo acid (Perkm, C J 82, 660) —4 From 
chloro propyl benzene and alcohoho potash 
(Errera, G 14, 604) 

Di-bromide CgHjoBrj [66 6°] Plates or 
needles On distillation it yields an allyl- 
benzene (178°), which polymenses forming a 
viscid sohd (330°) 

Iso allyl benzene Ph CH^ CH CH2(?) (166°) 
Chojnacki (0 R 76, 1413) got this body frosn 
allyl iodide or bromide, benzene, and zinc dust at 
100° Others have failed to get it Allyl 
chloride, benzene, and AL^Cla give di phenyl pro- 
pane, CHj CHPh CH Ph, and n propyl benzene 
{q V ) (Wispek a Zuber, A 218, 378; 

ALLYL BENZOATE v Benzoic acid 
ALLYL BENZOYL ACETIC ACID C.^H.^O, 
t e BzCH(C 3HJC02H [122°-125°] From benzoyl- 
acetic ether, NaOEt, and allyl iodide The result- 
ing ether is saponified by standing for three 
weeks with dilute alcoholic KOH (W H Perkin, 
jun , C J 45, 186 , 47, 240) Colourless crystals 
Benetton — Boiled with dilute alcoholic KOH 
forms phenyl butenyl ketone {q v ), benzoic acid 
and (probably) allyl acetic acid 

Ether— EtA' (220 ’) at 100 mm , (241°) at 
226 mm Combines with Br 

ALLYL BORATE C,H„BO, %e (C3H,),BO, 
(168°-176°) From B^O, and allyl alcohol at 
130° (Councler, J pr [2] 18, 876) Combmes 
with bromine, forming (CjH^Br )5B03 

ALLYL BROMIDE C3H,Br i e CH, CH CH;Br 
(71°) SG g 1 459, 14 1436 S V 90 5 
(Zander, A 214, 144) C E (0°-10°) 00123 
HFp -340, HF V -1500 

Formation — 1 From allyl alcohol, bromine, 
and phosphorus (ToUens, A 156, 162) — 2 Fiom 
glycerine and PBr, (Henry, Z [2] 6, 675) — 
8 From allyl iodide and cupric bromide 
2G,HjI + 2CuBr3 = Brj + Cu,!^ 2C,H5Br (Oppen- 
heim, B 3, 442) 

Preparation — Potassic bromide, hydne sul- 
phate (2 pts ), and water (1 j-t ) are warmed till 
hydne bromide begins to com<^ off Allyl alcohol 
IB then dropped m (Grosheint'^, Bl 30, 98) 

Combinations — 1 With concentrated hydne 
bromide forms a mixture of propylene bromide 
fCH, CHBr CH,Br) and trim ethylene bromide 
(CHjBr CH, CH.,Br) which ma y be separated by 
distillation (Geromont, A 168, 369) —2 With 
dry HBr it forms chiefly trimethylene bromide 
(q V ) — 3 With bromine it forma tnbromhydrifi 
\q v)— 4 With ICI It forma C,H,IClBr -6 
With ClBr at 20° forms CJi.ClBr,, but at 100° 
forms CjHjCL^Br (M Simpson, Pr 27, 119) — 

6 With HCIO It produces C,H3(OH)BrCl — 

7 It combines with NEt, 

ALLYL BUTYRATE v Buttbio Acm 
ALLYL ISO BUTYL MALONIC ETHER 
C„H,A (C,HJC(C,H„KCOFt)2(247°-250°) 
From di sodio malonic etner, allyl iodide, and 
ISO butyl iodide (Ballo, B 14, 335) On saponi- 
fication it gives an acid [129°] which appears to 
be propyl iso-butyl malonic acid 
ALLYL CAEBAMINE C.H^N 
CH^CHCH^NC (96°-106°) 8 O « 794 

Produced by the action of silv^ cyanide on allyl 
iodide It 18 a liquid of disagreeable odour 
Somewhat soluble in water (Lieke* A, 112, 316)^ 
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DI AIXYL CAEBIKOL Hisptin\l alcohol 
DI-ALLTL DI CHLOEHYDEIN C,H„C1,0, 
%e C,H,o(OH),C4 From HCIO and di ally! 
(Przybytek, B 18, 1350 , Lauch, B 18, 2288) 
ALLYL CHLOEIDE C,H,Clt e CH CH CH Cl 
(16°) (Thorpe), (44 6°) at 744 mm (Bruhl) 
sag 9547 , ^ 9379 (Bruhl) C E (0"-10°) 
00137 SV 817 (Zander) SH 3984 

(Reis) nff 14225 R^o 32 63 (Bruhl) 

HFp 7100 HFv 5940 MM 6 008 at 
19 6° 

Formation — 1 From allyl iodide and HgCl^ 
2 Fiom allyl oxalate, calcic chloride, and 
alcohol (Oppenheim, A 140, 205) — 3 From 
allyl alcohol and HCl in scaled tubes 

Preparation - From allyl alcohol and PCI, 
(Tollens, A 156, 154) 

Properties — 1 Alcoholic potash^ even below 
100°, converts it into ethyl allyl oxide The 
isomeric chloropropylene (20°) is converted by 
alcoholic potash at 120° into allylene — 2 HCIO 
unites, forming unsymmetrical dichlorhydrm, 
CH,C1 CHCi CH,OH, or dichloride of allyl alcohol 
This body, when oxidised by HNO,, is converted 
into dichloropropionic acid (Henry, B 7, 757) — 
8 HCl combines, forming CH, CHCI CH Cl — 
4 HBr forms CH Br CH CH,C1, together 
with a httle CH, CHBr CH Cl -5 Warmed 
with H^SO^ ard then diluted and distilled, 
propylene chlorhydrm is produced (Oppen 
heim, A Suppl 6, 307) — 6 Bromine com 
bines, forming CaH^Cl Br^ —7 With potassic 
cyanide in presence of dilute alcohol it forms 
chiefly pyrotartaric acid, also propylene cyanide 
^laus, A 191, 38) and triallylamme (Pinner, 
B 12, 2053) The reactions in this case are (a) 
CH2 CH CH,C1 + KCN = KCl + CH CH CH^ CN 
(5) CH, CH CH CN + HCN = CH, CH(CN) CH^CN 
(c) CH, CH(CN) CH,CN + 2KOH + 2H,0 = 

2NH. + CH, CH(CO K) CH, CO,K (pyrotartrate) 
The liberated ammonia forms the triallylamme 
8 With benzene, m presence of aluminium 
chloride, forms diphenylpropane C^H^Cl + 2C,jH, 
-HCl + (C,H,),C,H, (Silva, C R 89, 60b) 

ALLYL PSEXTDO CUMYL PHTHAL AMIDE 
C oH.„N,02t e C,H Me, NH CO C,H, CO NHC,H, 
[179°J Silky needles Easily soluble in alcohol 
Formed by the action of allylamine on phthal- 
pseudo cumidme (Frbhhch, B 17, 1808) 

ALLYL CYANAMIDE 

C^HyOa^aq (CN NHCjH,), Sinamine 

[100°] From allyl thio urea and Pb(OH)2 
or HgO (Will, A 52, 15 , Andreasch, M 2, 
780 , Robiquet a. Bussy, J pr 19, 234) Alka 
line Sol water, alcohol, and ether Forms 
compounds with HgCl,, iPtCl^, and oxalic acid 
ALLYL CYANATE C,H NO le C,H,N CO 
Allyl carbimide (82°) VD 3 05 (for 2 88) From 
allyl iodide and silver cyanate (Cahours a Hof 
mann, Tr 1857, 555) 

ALLYL CYANIDE C,H,N t e CH^ CH CH,CN 
Crotonttnle Mol w 67 (119° cor) SG » 8491 , 
8351 , 8398 

Formation — 1 By ppg potassic myronate 
(q v) with silver nitrate and treating the pp 
with hydno sulphide C^H^Ag NS,04 + H,S- 
C^HjN + AgaS + S + H2SO4 — 2 Durmgthefermen 
tktion of black mustard —3 From allyl mustard 
oil by ainc dust C,H,NCS Zn - ZnS -f C,H,CN 
(Sohwars, B 16, 2508) — 4 From lilyl 
•ulphocyamde and sodium (Billeter, B 8, 466) 


Preparation — Allyl iodide Is heated with 
KCy for two davs at 110° The product is 
washed, dried, and heated agam with KCy at 
110° It IS then washed, dried over CaCl,, dis- 
tilled, freed from carbamine by shaking with a 
little HNO„ and «rectifled (Emne a Tollens, 
A 159, 106) 

Properties — Liquid smelhng faintly of garlic 

Reactions — 1 Aqueous or alcoholic potash 
forms NH,, and solid crotomc acid [72°] The 
formation of this crotomc acid may be explained 
by the assumption that )3 oxybutyrate is first 
formed CH, CH CH CN + KOH + 2H,0 - 
NH, + CH, CH(OH) CH CO K, and that this 
splits off water CH, CH(OH) CH^ CO,K - 
H O + CH, CH CH CO K, forming potasapo 
crotonate This view is supported by the be 
haviour of allyl cyanide towards HCl — 2 With 
fuming hydric chloride at 60° it forms $ chloro ' 
butyric acid CH CH CH CN + 2HC1 + 2H,0 = 
NH,C1 + CH, CHCI CH COJi This is an un 
stable acid, which easily changes to crotonio 
acid — 3 HNO, forms acetic and oxalic acids — 
4 CrOg forms acetic acid 

Combinations —1 With alcohol When 
potassic cyanide acts on allyl iodide in alcoholic 
solution, a compound of allyl cyanide and 
alcohol, of boiling point (174°), is obtained 
CH, CH CH CN - HOEt = CH, CH(OEt) CH, CN 
Saponified by strong HCl, this forms ethoxy 
butyramide, CH, CH(OEt) CII CONH, [71°], 
which, when warmed with HCl, gives ethoxy- 
butyric acid, CH, CH(OEt) CH CO,H, boiling 
about 215° Saponified by potash, the com 
pound of allyl cyanide and alcohol (^ ethoxy 
butyronitrile) gives ordinary crotomc acid as 
follows CH, CH(OFt) CH CN + KOH + H,0 = 
NH, + HOEt + CH, CH CH CO,K (Rinne, B 
6, 389) Dry hydrogen chloride converts the 
compound of allyl cyanide and alcohol into 
the chloride of $ chlorobutynmid ether (166°), 
CH, CHCI CH, C(OEt)NH This last compound 
18 converted by alcoholic potash mto crotomc 
acid (Pinner, B 17, 2007) 

2 With allylalcohol A similar compound, 
CH, CH(OC,hJ CH,CN (96°),ib formed when KCy 
acts on allyl chloride mixed with allyl alcohol 

Constitution — From its mode of preparation, 
allyl cyanide ought to be CH CH CH, CN, but 
from its reaction with potash it should be the 
nitrile of ordinary crotomc acid CH, CH CH CN 
From the fact that allyl cyanide and ciotomc 
acid both produce acetic acid on oxidation, while 
allyl iodide and allyl alcohol yield no acetic 
acid, Kekul6 assumes the presence of a methyl 
group in the two former and its absence in the 
two last named {B 6, 380) This reasoning 
seemed conclusive until the experiments of 
Pinner, mentioned above, showed that, Wlien 
the cyanide is converted into crotomc acid by 
hydno chloride, an intermediate compound 
B chlorobutyric acid) is produced, and it is 
therefore possible that when mtric or chromic 
acid 18 used, an unstable denvative of butyric 
acid (say, /3 oxybutyric acid) is first formed, find 
that it 18 this whi(^ gives acetic acid on oxida-^ 
tion 

ALLYLENE C,H, %e Me OCR MethyU 
acetylene Propvnene Mol w 40 S (ether) 30 at 
16° HFp« -89950 (Thomsen) ,“87500 (Ber- 
thelot) HJP T -41630 (Th,) 
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Formation — \ By action of alcoholic NaOH 
upon tfromo propylene (Sawitsob C R 62, 399), 
chloro propylene, or propylene bromide (Miae- 
nikoff, A 118, 332) — 2 By the action of Na 
upon CH, CClj CHClj (Borsche a Fittig, A 133, 
111), CH,C1 CCl, CH,C1, br CH CCl CH Cl 
(Pfeffer a hittig, A 135, 357) — 3 By electro 
lysis of calcium mesaconate or citraeonate (Aar 
land, J pr [2J 7, 142) — i By heating (citra ) 
bromo pyrotartaric anhydride with ammoniacal 
AgNO.Aq at 130° (E Bourgom, C R 85, 710) 
Colourless gas, with unpleasant smell, burns 
with smoky flame V sol alcohol, sol water 
Reactions — 1 Ammoniacal cuprous chloride 
gives a canary coloured pp — 2 Absorbed by 
«3no H bO^ much more readily than acetylene, 
allylene sulphonic acid, C,H,SO^H, being 
produced An aqueous solution of this acid, 
when heated, yields mesitylene and acetone 
(A Schroke, B 8, 17, 3G7) — 3 Aqueous tner 
curie salts form pps containing the mercuric 
salt, HgO, and allylene These pps are de 
composed by acids with formation of acetone 
(Kutscheroff, B 14, 1541 , J R 1882, 32b) - 
4 KMnO^Aq forms in the cold, malomc, oxalic, 
and formic acids (Berthelot, A Suppl 5, 97) — 

6 CrO^Aq forms propionic acid (Berthelot, A 
Su2)pl 8, 47) 

Metallic Derivatives — CH, C CNa 
white powder, decomposed by water into NaOH j 
and allylene (Berthelot, ^ Ch [4] 9, 395, J” R 12, | 
288) — (C^Hj) Hg cry'^talline pp formed by j 
passing allylene into Nessler’s solution (Kut 
Bcheroff, B 17, 25) 

Combinations — 1 Cold fuming HCl forms 
CH, CCl^ CHg , HBr, and HI act similarly 2 
Bromine forms di bromo propj lene (g v ) and 
tetra bromo propane (g v ) Iodine acts simi 
larly 

Iso allylene CH^ C CH^ 1 Formed by 
electrolysis of potassic itaconate (A ) — 2 By 
the action of sodium on di chloro propylene, 
CHCl CH Cli Cl (from symmetrical tri chlorhy 
dim, Hartenstem, J pr [2] b, 295) 

Properties — A gas that does not pp am 
moniacal silver or cuprous solutions Forms a 
tetrabromide 

Di allylene C,H, or CH, CH CH CH C CH 
Allyl allylene (70°) S G iS 858 V D 2 79 (tor 
2 7b) Allyl acetone is converted by PClj into 
CgH, CH, CCl CH„ which is convei-ted by 
alcoholic KOH into di allylene (L Henry, C R 
87, 171) 

Reactions — 1 Aqueous silver nitrate gives a 
pp C^H^Ag aq — 2 Ammoniacal cuprous chlo 
ride gives a canary yellow pp CyH Cu aq - 3 
Alcoholic AgNO, gives a pp C„HjAgEtOH — 
4, Bromine forms C H^^Br, 

tso allylene tetra carboxylic acid v Pbopane 

TETRA CARBOXILIC AGED 

ALLYLENE DI CHLOEIDE v Di chloro 

PROPYLENE 

ALLYLENE OXIDE C,H.O (63°) Formed 
by oxidising allylene with CrOaAq (Berthelot, 
Bf* 14, 116) Pungent neutral liquid Not 
attacked by baryta water at 160° or by KOHAq 
at 300° Keduces AgNOjAq 

ALLYL ETHANE v Pentinene 
ALLYL ET HEE v Allyi oxide 
ALLYL ETHYL OXIDE v Ethyl allyl 

OXIDE. I 


DI ALLYL HYDBATE v Hexenyl awohol. 
DI ALLYL DI HYDBATE v Di oxy hexane 
ALLYLIN V Glycerin 

ALLYL IODIDE CgHJ xe CH CH CH^I 
(102 7° 1 V ) S G g 1 8696 C E 00106 
S V 100 9 (Zander, A 214, 145) , V D 6 77 (obs ) 
Formation — 1 Allyl alcohol, P, and iodine 
(Tollens, Bl [2j 9, 396) — 2 Glycerin and PI, 
(Berthelot a de Luca, A Ch [3J 43, 257) —3 
Glycerin distilled with hydriochc acid , excess 
of the latter is to be avoided, as it would con- 
vert the allyl iodide into isopropyl iodide 
CH CHCHI + 2HI = CH,CHICHI .HI- 
CH, CH CHg + Ig + HI = CH, CHI CH, + I, 
(Erlenmeyer, A 130, 211) — 4 From allyl chlo-» 
ride and calcic iodide (Romburgh, R 1, 151 , 
Spmdler, A 231, 270) 

Preparation — 200 grms of glycerin, pre 
viously dried by heating to 280°, are mixed with 
125 grms of iodine The tubulus of the retort 
IS connected by a flexible tube with a flask con 
taming 40 grms of clear phosphorus in small 
pieces , this flask has also a side tube through 
which carbonic acid is passed until the air is 
cleared out of the entire apparatus The clear 
phosphorus is added to the contents of the re 
tort by tilting the flask from time to time All^l 
iodide distils over rapidly The addition of 
phosphorus takes about 2^ hours The distilla 
tion is then continued until the contents of the 
retort begin to carbonise and vapours of acrolein 
are given off The distillate is washed with 
dilute NaOH, dried over CaClg, and rectified 
Yield 110 grms (98°-102°) 

Theory of the Process — It is usually held 
that triiodhydnn is first formed 

CH,(OE) CH(OH) CH (OH) + P + 1, « 

H,PO, + CHICHI CH I. 
and that this splits up into iodine and allyl 
iodide CHgICHICHI = Ig + CH, CHCHI 
But the fact that allyl alcohol accompanies the 
allyl iodide renders it quite liktJy that the m- 
termediate body is diiodhydrin 

CH I CHI CHgOH = Ig + CHg CH CHgOH 
The allyl alcohol formed m this way being con- 
verted into iodide by HI (Henry, B 14, 403) 
Reactions — 1 Zinc and HCl reduce it to 
propylene — 2 Salts of silver form silver iodide 
I and salts of allyl — 3 Dry hydric iodide converts 
I it into isopropyl iodide (Simpson, Pr 12, 633) 

4 With zinc ethijl at 100° it forms amylene, 
pentane, and diEillyl (Wurtz, C R 66, 387) — 
6 With cacodyl it reacts thus AsgMe^ + ‘iCgHjI » 
AsMegl + AsMeg(C,H 5 )gI (Cahours, A Ch [3] 62, 
291) —6 With dry copper zinc couple at 100° it 
forms diallyl 20,11,1 + Zn = Znl, + (C,H,)g — 7 
With wet copper zinc couple it forms propylene 
C,H„I + HgO + Zn = IZnOH + C,H, —8 With zino 
and alcohol (S G 805) it also forms propylene 
(Gladstone a Tribe, C J 27, 208) — 9 With 
HgBr, at 200° it gives Hgl,, HBr and propane 
(Montgolfier a, Girand, B 12, 1211) — 10 Heated 
at 100° for a long time with water it forms allyl 
alcohol (g v ) — 11 With KCN and alcohol it 
forms a di-cyanide which, when boiled with KOH, 
produces potassic pyrotartrate (Claus, A 191, 88) 
Combinations — 1 With chloride of wdine it 
unites, formmg C,H 3 lgCl (205°-210°), a colour 
less oil ^ Simpson, Pr 18, 540) — 2 Bro>mn* 
forms CjHjBr, — 3 Mercury unites with it, form 
uig C,H,HgI, mercuric allyl iodide. 



138 


ALLYL-MALONIC AOI3> 


ALIYI MALOKIC ACID 

%,e C ACH(CO,H)^ flOS®] 

g Jonrad a Bischoff, B 13, 697, A 204, 166, 
jelt, A 216, 62) Large prisms V sol water, 
alcohol, and ether At 180° it splits up into 
CO2 and allyl acetic acid Combines with HBr 
forming liquid (C02H)2CH CaH^Br which, when 
boiled with water gives a lactone of oxy propyl 
malonic acid {q v) Combines with Br^ forming 
di b»'omo propyl malonic acid {q v ) 

Salts — CaA" crystalline powder — Ag^A" 
Ether— EtJ^"{21&°~225 °) , (194°) at 330 mm 
8 G ^ 1 018 (C a B ) , f- 1 014 M M 11 28 
at 13 7° (Perkin) Prom sodio malomc ether 
and allyl iodide 

Di allyl malonic acid 

[133°] 

Khombic prisms , a 6 c= 9916 1 1 0179(Hau8 
hofer, Z K 11, 147) Sol water, alcohol, and 
ether, v si sol CSj 

Reactums — 1 Heat sphts it up into CO2 
and di allyl acetic acid 

EtherEi^k." (240°) (C a B ), (203°)at225mm 
S G 996 (C a B ) , p 1 000 , | 993 (Perkin) 
M M 16 at 22° From allyl iodide and sodio 
malonic ether (Conrad a Bischoff, B 13, 698 , 
A 201, 171 . Hjelt A 216, 61) 

ALLYL MERCAPTAN C,H SH Mol w 74 
(90°) (Hofmann a Cahours, A 102 292) — 
C^HsSHgCl pearly plates (from alcohol) 
(Gerhch, A 178,88) 

ALLYL METHYL ETHEE v Methyl allyl 


ALLYL MirSTAED OIL v Allyl thio 

CABBIMIDK 

ALLYL NITEATE C,H,NO, (106°) 

6 G 1 09 V D 3 64 (for 3 56) From allyl 
bromide and AgNO, (Henry, B 6, 452) 

ALLYL NITRITE C^H^NOj t e C.H^ 0 NO 
(44°) S G 2 955 Prepared by distilling glyceiyl 
tri nitrite with allyl alcohol An oil Decom 
posed by MeOH into allyl alcohol and methyl 
nitrite Its vapour explodes at 100° (Bertoni, 
Q 15, 361) 

ALLYL OXALATE v Oxalic acid 
DI ALLYL OXALIC ACID (so called) v 
Oxy octinoic acid 

DI ALLYL OX AMIDE C^H.^NjO, le 
C,H,NH CO CO NHCjHj [154°J (274°) White 
plates Soluble in hot water Prepared by the 
action of allylamine on oxalic ether 

Tetrahromide C202(NHCj,HjBr2)2 In 
soluble in most ordinary solvents, except hot 
acetic acid (Wallach a Strieker, B 13, 513) 

DI ALLYL OXIDE C«H„0 t c (C,H3)20 
Allyl ether Mol w 98 (82°) (Cahours a 

Hofmann, A 102, 290) , (94 3° 1 V ) (Zander, A 
214, 146) S G g 8223 S V 136 6 C E (0°-10°) 
00127 HFp 12460 HFv 9850 (Thomsen) 
DI-ALLYL DI OXIDE 

/°\ /°\ 

CH, CHCHjCHjCH CH, 

(180°) VI)»8 7 (obs) Mobile colourless 

fluid of slight l^ell and burning taste. Heavier 
than water CWibines with acids, and pps 
magnesia from a solution of MgCl^ Obtained 
by the action of sohd caustic alkalis upon di- 
allyl>di-ohlorhydnn By boiling with water it 
18 converted into the alcohol oxide 


^ CH2 CH CH(Om CH (Oft), 
which only by long heating with water is oca- 
verted into the tetra hydric alcohol 
CH2(0H) CH(OH) CH^ CH, CH(OH) CH2(OH) 
(Przybytek, B 18, 1860) 

o ALLYL PHENOL Methyl denvativ$ 
C,oH, 0 i c C«H,(OMe) CH, CH CH, (233°) 
SG p 9972, 9884, 9793 Formed by the 

action of Na2C0sAq on the product of the union 
of HI with the methyl derivative of (a) or (iS). 
oxy phenyl crotonic acid (g v ) It is an oil 
combines with bromine , forms a red sohd with 
H2SO, (Perkin, C J 39, 425) 

p Allyl phenol Methyl derivative (232°J 
S G ^ 985 Prepared as above from cor 
responding p compound Anethol {q v ) 18 
isomeric with this body Anol {q v) is isomeric 
with allyl phenol 

ALLYL PHENYL THIO DREA C,„H,2N2S 
le CsH.NHCSNHPh [98°J S (alcohol) 
71 at 18° From oil of mustard and aniline 
(Zinin, A 84, 348) , from allyl amine and 
phenyl thio carbimide (Weith, B 8, 1529) 
Monoclmic crystals , v sol ether, insol water 
Cyanogen passed into an alcoholic solution 
foims C,oH, N S(CN)^, ppd by water (Maly, Z 
1869, 261) When this is warmed with alcohol 
and dilute H2SO4 it foims the oxalyl derivative 
Oxalyl Derivative 
CO NC2H4V 

I \CS [161°] Lemon yellow needles, 

CO NC«H/ 

insol water, si sol cold alcohol 

ALLYL PHENYL UREA C,„H,2N20 %e 
C,H NH CO NHPh [97°] Needles Got from 
Its oxalyl derivative by baryta (Maly, Z 
1869, 263) 

CO-NC,H,v 

Oxalyl derivative \ \CO 

CO-NC«H/ 

From the oxalyl derivative of allyl phenjl thio 
urea [q v ) and warm AgNO, in alboholic solu 
tion Long needles Insol water, v sol 
alcohol, benzene, and CS,. 

ALLYL PHTHALIMIDE v Phthalio Acid, 

Allylamide 

ALLYL - PROPYL ALCOHOL v Hexehyl 

ALOOHOIi. 

ALLYL PROPYL AMINE C,H„N 
C,H NHC,H, (c 112°) S G II - 7708 
Colourless fluid 8 = about 6 Prepared by 
the action of piopyl bromide on allylamine 
Salts B'2H2CL2PtCL orange crystals — 
B'H2C20^ si sol needles — B'2H2C20/ thin 
plates (Liebermann a Paal, B 16, 625) 

Allyl di propyl amine (CsH,)2NC,H5 (c 147°) 
Colourless flunL 8 = about 2 Formed by the 
action of propyl bromide on allylamine 

ScUts — B'2H2CL2PtCl4 orange red trimetno 
crystals, ah 9831 1 1 1217 
BHClPtCl, sparmgly soluble yellow needles 
[162°] , formed by boiling the preceding salt 
with water (Liebermann a Paal, B 16, 527) • 
ALLYL ISO PROPYL BENZENE v Pao- 

PENYL ISO PB0PYL-BEN7ENE 

ALLYL DLPROPYL CARBINOL v Decent!, 

ALCOHOL 

Di allyl propyl earbinol v Dsczntl alcoroi,, 

« ALLYL PYRIDINE C*H,(C,HJN (c 190°), 
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O ® *9595 Cnlonrless refractive oil , al sol 
water » Prepared by heating pure (o) picoline 
with paraldehyde for 10 houra at 250°-260° 
On oxidation it gives pioolinic acid [13S°] On 
reduction in alcoholic solution by means of 
sodium it yields (o) propy>-pyridme (inactive 
coniine) 

Salts — (B'HCl) PtCl^ [186°], sparingly 
soluble needles -B'HClAuCla* [136°], oily pp 
solidifymg to small needles — (B'HCl)^HgCl2* 
very sparingly soluble crystalline pp (Laden 
burg, B 19, 2578) 

V ALLYL PYRROL C,H„N t e C,H,N 
[105°] at 48 mm Formed by the action of allyl 
bromide on pyrrol potassium Colourless oil 
\k)latile with steam Almost insoluble in water 
HgCl^ gives a white pp (Ciamician a Dennstedt, 
B 16, 2581 , O 13, 17) 

ALLYL RESORCIN C H,(C3H )(OH) Afono 
ether C,H,(C,H,)(OMe)(OH) (245°-250°) , 
V D 165 (obs ) , colourless oil (Pechmann a 
Cohen, B 17, 2132) 

ALLYL SUCCINIC ACID 
C,H,oO^ le CO H CH CHfCgH,) CO H 
[94°] Plates (from alcohol) Prepared by heat- 
ing allyl ethane tii carboxylic acid to 100°, COj 
being evolved Strong aqueous HBr converts it 
into the corresponding lactonic acid — 
CH.CHCH CHCH,CO,H 
d) CO 

Salts A"Ca* crystalline, soluble — A"Ba* 
easily soluble, amorphous — A"Ag/ sparingly 
soluble, amorphous — FeSO^ gives a flocculent 
pp (Hjelt, B 16, 334) 

ALLYL SULPHATE C^H^SO, % e 
CgHjO SO^ OH Hydrogen allyl sulphate Allyl- 
sulphurtc acid From allyl alcohol and H3SO4 
(Cahours a Hofmann, C J 10, 316) 

Salts — (Szymanski, A 230, 43 ) BaA'^ — 
SrA'2 — CaA'2 2aq — CuA'2 4aq — PbA'^PbO Oaq — 
MgA'3 4aq -KA' — NaA' — NH,A' 

ALLYL SULPHIDE C,H,„S i e (CjHJ^S Oil 
of Oarlic M w 114. (140°) 

Occurrence — In the essential oils obtained 
by distilling, with steam, the leaves, seeds, or 
bulbs, of various plants {allium sativum, alliaria 
ojUicinalis, allium cepa, thlaspi arvense) Oiten 
associated with allyl thio carbimide (g v ) (Wert 
heim, A 61, 289 , 55, 297 , Pless, A 58, 30) 
Formation — From allyl iodide and alcoholic 
K^S (Hofmann a Cahours, A 102, 291) 

Properties — A light oil, smelling of garlic 
Combinations — 1 Forms pps with salts of 
Au, Hg, Pd, Pt, and Ag — (C,H ) SPtS^ (W )— 
(CjH,) SAgNO, (Ludwig, A 139, 121) 
HgS(HgClj 32 (C,H ),S (W ) 

2 Combines with Mel (Cahours, Z 1865, 438) 
ALLYL SULPHOCYANIDE C^H^NS i e 
C,HjSCN Allyl thw-cyanate (161°) 

S G 2 1 071 , 1 056 

Formation — 1 From lead salt of allyl 
mercaptan and cyanogen chloride in ethereal 
solution (Billeter, B 8, 464) 

(OAS);Pb + 2C1(CN) « 2C,H, S CN + PbC^. 

2 From ammonium sulphocyanide and a cold 
alcoholic solution of allyl bromide (Gerlich, A 
178, 86) 

Properties — Changes spontaneously mto the 
iBomerio allyl thio-oarbimide, especially when 
boiled. Alcoholic KOH fonus KSCN. Does not 


give immediate pps with ammoniacal AgNO^ Of 
alcoholic Hg(^ Zn and HCl m alcohol form 
(C5HJ2S and BCCN (G ) Sodium amalgam foimM 
NaaS and allyl oarbamine (B ) 

ALLYL SULPHONIC ACID v Pboptlekx 

8ULPHONIO ACID 

ALLYL SULPHYBRATE v Allyl mxboaptak 
ALLYL TAURINE CjH„NSO, te 
C^H.NHCH^CH SO3H [190°-195°] From 
CH Cl CH2 80,H and allylamine at 160° (James, 
G J 47, 369) Prisms (from alcohol) V e soL 

ALLYL THIO-CARBAMIC ACID Ethyl ether 
C,H„NSO tc C,H,NHCSOEt Allyl thw 
urethane (210°-216°) S G 1 030 From oU 
of mustard and alcohol at 110° 

C,H,N CS + HOEt - C3H3NH CS OEt 
(Hofmann, B 2, 119) Ppd by HgCl^Aq 

Allyl di thio carbamic acid C,H NH CS SH 
From allyl thio carbimide and alkaline sulphy- 
drates CjHjN CS + HSK = CaHjNH CS SK The 
free acid is unstable 

Salts — NH4A' unstable laminae — KA' 
large rhombic plates — NaA' 3aq unstable 
nacreous laminae — BaA'j 4aq laminae , v sol 
water — PbA'^ white pp (Will, A 62, 30) 

ALLYL THIO CARBIMIDE C^H^NS 
C,H N CS Oil of mustard, allyl mustard oil, 
allyl thw-cyanate, allyl iso thio cyanate, allyl 
sulphocyanide, allyl iso sulpho cyanide, allyl 
sulpho carbimide M w 99 (151°) S G 2 1 028 
SV 113 12 (K Schiff, B 19, 568) HFp 
-45,640 HFv -46,700 V D 3 54 (for 3 42) 
Occurrence — In the oil distilled from the 
seeds of black mustard {sinapis nigra) Also pre 
sent in oil of garlic, and m horse-radish 

Formation —1 Seeds of black mustard con 
tain potassic myronate, and also an unoigamsed 
nitrogenous ferment, myrosin When treated 
with water, the ferment splits up the potassic 
myronate thus 

C.oH^NSP.oK - C3H, NCS + C«H, 0, + KHSO^ 

At low temperatures a little allyl sulphocyamde 
is also formed (E Schmidt, B 10, 187) — 2 
Allyl sulphocyanide (g v ) changes, slowly at 
16°, quickly on boiling, into allyl thio carbimide 
Consequently, when allyl iodide is distilled with 
alcoholic potassic sulphocyanide (Zinin, A 
96, 128 , Berthelot a De Luca, A Ch [3] 
44, 495), or allyl sulphide (Wertheim, A 56, 297), 
the product is allyl thio carbimide 

Pro2)erties — Oil ^Mth pungent odour and 
burning taste Blisters the skin SI sol water, 

V sol alcohol or ether Slowly decomposed by 
water, sulphur being liberated 

Reactions — 1 Zinc and hydric chloride re- 
duce it to allylamine and thio formic aldehyde 
C,H,NCS + 2H2 = C,H5NH2 + H2CS, the latter 
being partly reduced to methane and H^S 
(Hofmann, B 1, 179) —2 HClAq at 200° forms 
allylamine, COg, and H^S (H ) Alcohol at 
100°, or alcoholic potash, forms allyl thio-car 
bamic ether (g v ) - 4 Aqueous alkalis, or 
water and the oxides BaO, PbO. Ag^O, or !1^0, 
form di allyl urea 2C,H^NCS + 3Pb0 + n20 » 
(C,Hs) 2N Ji^CO + 2PbS + PbCO, ~6 K2S at 100° 
forms potassic sulphocyanide and allyl-sul 
phide —6 NH, forms allyl-thio urea {thw-sina 
mine) — 7 Aldehyde ammoma forma needloa 
of C.A.NjS^O, [108°! {K Sohifl jB 9,671) 
— 8 Furfiiramtde in alcohoUo lolation at 
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100° lonn« C,,H„N,0,C,H,NCS [118°] (R Schiff. 
B 10, 3191) —9 Boiling cone KHSO, forma 
C^H^NH CS BO,K Pekrly plates (form alcohol) 
(Bohler, ^ 154,69) 

Ccnnbination — CjHjNCS Ag^SO, Formed by 
adding AgNOjAq to aqueous potassio myronate 
(Will a Kdrner, A 126, 267) 

Additional References — Boutron a Robiquet, 
J Ph 17, 296, Henry a Plisson, J Ph 17, 
451 , Dumas a Pelouze, A Ch [2] 63, 181 , 
Aschoflf, J pr 4, 814 , Eobiquet a Bussy, A Ch 
[2] 72, 328 , Boutron a Fremy, J Ph 16, 112 , 
Lowig a Weidmann, J pr 19, 218, Will, A 
62, 1 , Gerhardt, A Ch [3] 14, 125 , Hubatka, 
A 47, 153 , Vollrath, J 1871, 408 , Grabowski, 


138, 173 

ALLY! THIO-HYDANTOIN 


HN C<" 
\S 


,N(CA) CO 


C^H^N^SO 


I 

-CH, 


Formation — (1) By the action of ohloro 
acetic acid on allyl thio urea in aqueous solution 
at 100° (2) By the action of allyl cyanamide 

on thio glycollio acid 

Minute needles Sol hot, si sol cold, water 

The hydrochloride (B'HCl) forms glistening 
prisms (Andreasch, B 15, 326, M 2, 775) 

ALLYL THIO PAEABANIC ACID v Thio 


FARABANIC ACID 

ALLYL THIO XTRAMIDO BENZOIC ACID 

C„H,2N,S02i c C 3 H NH CS NH C«H, CO H [1 3] 
[189° uncor ] Formed by boiling m amido 
benzoic acid with an alcoholic solution of allyl 
thio carbimide Plates (Aschan, B 17, 431 ) 
ALLYL THIO DREA C,H«N S i e 
C,H NH CS NH, Thiosinamine M w 116 [74°] 
Formation — From allyl mustard oil and 
ammonia (Dumas a Pelouze, A Ch [2] 63, 181, 
Aschoff, J pr 4, 314, Lowig a Weidmann, 
J pr 19, 218 , Robiquet a Bussy, J pr 19, 
232 , Will, A 52, 1 ) 

Properties — Prisms, without smell M sol 
water, v sol alcohol, and ether 

Reactions — 1 HgO or PbO converts it into 
allyl cyanamide (2 v ) — 2 Warm AgNO^Aq 
forms allyl urea 

Combinations — (C^HgN^S HCl) 2 PtCl 4 — 
C 4 HgN 2 S 2 HgCL, curdy whitepp — C^HgNjSAgNOg 
— CjHgN, SBr, [147°], six sided columns , sol 
water, and alcohol Converted by moist AgjO 
into alkaline C 4 HgN 2 S BrOH, whence HCl forma 
C.HgN,SBrCl [130°] (Maly, Z 1867, 42) — 
(C4HgN,SBr2),PtCl4 — (C4HgN,SBrCl),PtCl4 — 
0,HgN,8BrClAuBr, — C^HgN^SI, [90°] — 

C^HgNjjSClI — C^HgN^SCya converted by hot 
dilute H,S04 into allyl thio parabanic acid 
(g v) (Maly.Z 1869,269) -C^HgN^SICyAgCy 
Ethyloiodide C^EgN^SEtl [72°] (Welzien, 
A 94, 103 , M ) 

ALLYL UBEA O^HgNjO t e CjHjNH CO NH^ 
Allyl carbamide [85°] Formation — 1 From 
allyl cyanate and hot NHjAq (Hofmann a 
Cahours Tr 1857, 656) — 2 From allylamine 
sulphate and potassio cyanate (Andreasch, M 5, 
84) — 3 From allyl thio urea and AgNOjAq, the 
liberated HNO, beiag neutralised by baryta 
The yield is 92 p 0 oHhe theoretical 

Properties — Needles V e sol water, and 
alcohol, 1. il sol CHC1„ and ether Br, forms 
di bromo-propyl urea - Salt - B'HNO, 

Di allyl ar©a(CgH 4 NH)j,CO SinapoUne [100°] 


Formation — 1 By action of water and PbO 
or baryta on allyl thio carbimide (Simon, P 50, 
377 , Will, A 62, 25) — 2 By heating ally! 
cyanate with water or aqueous potash 

Properties — Unctuous shining lammcs V soL 
alcohol, ether or hot water , volatile with steam. 
Its aqueous soluiion is ppd by HgClj and PtOJ 4 . 
Dry HCl liquefies smapoline forming D HCl 

ALMONDS — Bitter almonds contain a gluco- 
Bide, amygdalin (g v ), and a nitrogenous un 
organised ferment, emulsin Sweet almonds 
contain amygdalin but not emulsin When 
bitter almonds are ground up with cold water, 
the amygdalin is split up by emulsin 
C^A^NO,, + 2H,0 = C,HgO + CNH + 2C,H, A 
The essential oil of bitter almonds is obtain^ 
by distilling the product with steam It con 
tains benzoic aldehyde, prussic acid and man 
delonitnle, the product of their union Thu 
presence of mandeloni*rile is indicated by the 
formation of phenyl ethylamine when the oil is 
acted upon by nascent hydrogen (Fileti, G 9, 
44 b) Both sweet and bitter almonds yield by 

pressure a fixed oil, S G 913 , this consists 
of olein with some stearm and palmitm It is 
called oil of almond<i 

ALNEIN — A golden yellow colouring matter 
in the alder, birch, and beech (Savigny a Col 
lineau, C C 1881, 703 , C / 42 309) 

ALOES — The thickened juice of various 
species of aloe 

ALOETIC ACID aq, le 

C, 4 H,(N 02 ) 402 aq(?) Tetra nitro anthraquinone^) 
Obtained, together with chrysammic acid, by 
warming aloes with HNO, (fechunck, A 39, 24 , 
65, 23->,G J Mulder, A 72, 28b, Finck, A 
134, 236) Yellow amorphous powder SI sol 
cold water, m sol hot water or alcohol, foimmg 
purple solutions, which become yellow on 
addition of acids, and led again when neutral- 
ised It has a bitter taste Boiling HNO, con 
verts it into chrysammic acid, and ultimately 
into picric acid Warm potassium or ammonium 
sulphide containing excess of alkali forma 
an indigo blue gelatinous mass Salts 
BaCiAjN^Ojj Ag^A" insoluble, daik red 
powder 

ALOIN — The purgative principle in aloes 
There are several varieties classified by Shen- 
stone {Ph [3] 13, 461) as follows (1) Naia~ 
loins — Are not reddened by HNO 3 , but converted 
by it into picno and oxalic acids — ( 2 ) Barba- 
loins — are reddened by HNO 3 , aloetic, chrysam- 
mic, pionc and oxalic acids being formed These 
may be subdivided into (a) harhaloins, reddened 
by ooldHNOs (S G 14), (jS) barbaZows, reddened 
by fuming HNOj, not by cold HNO, (S G 14) 
The aloins may be extracted by hot water or 
hot spirit from the various aloes, and puflfied 
by re crystallisation They dissolve in caustic 
and carbonated alkalis, forming orange solu 
tions Their solutions are ppd by lead 
subacetate 

(a) Barbaloln, 0„H„Oj and (j9) - Barbaloin, 
Zanzalom or Sooaloin C,gH,sO, occui in aloes 
from Barbadoes, Socotrina, Zanzibar and Jaffer- 
abad (T a H Smith, Chem Oaz 1851, 107 , 
Stenhouse, P M [3] 87, 481 , Tilden, C J 26, 
488 , 28, 1270) 

Reactions — 1 By distilling with etnc duet 
a very little methyl anthracene {nay be got (K. 
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Schmidt, B 8, 1275) — 2 Potash fusion gives 
urcin, jp^-oxybenzoio acid, and alorcinic acid — 
8 Boiling dilute sulphuric acid forms p coumano 
acid — 4 HCl and KCIO, form tri chloro aloin, 
CibHijCIjOj, yellow prisms (from alcohol) — 5 
Bromine forms tn bromo alom , yellow needles 
(from alcohol) — 6 Ac^O forms tn acetyl alom, 
Ci.HijAcjO, amorphous 

Nataloln CiaHigO, (?) Occurs m Cape aloes 
(Fluckiger, Ar Ph [2] 149, 11 , Dl 17, 328 , 
Tilden, C J 25, 153) Thin bright yellow 
scales , si sol water, benzene, ether, CS^, and 
CHCl, Its solution in HjSO^ is turned green by 
KNOj, the colour changing through red to blue 
Additional References — T B Groves, Ph 16, 
3*28 , Orlowski, Fr 6, 309 , Hlasiwetz, A 134, 
287 , Rembold, A 138, 186 , Borntrager, Fr 20, 
,234 , R H Groves, Ph [3] 11, 1045 , Lenz, 
Fr 21, 220, Plenge, Ph [3] 15, 330, Cripps a 
Dymond, Ph [3] 16, 633) 

ALORCIC ACID C«H ,„03 aq [97^] 

[115°] i e CaH (OH)Me, CO,H Formed m small 
quantity, along with p oxy benzoic acid and 
01 cm, by fusing aloes with KOH (Wesolsky, A 
167, 65) Long needles SI sol cold water, v 
»ol hot water, alcohol, and ether The aqueous 
solutionis not coloured by Fe^Cl^Aq, but alkaline 
solutions are turned cherry red by air Hijpo 
chlorites turn the aqueous solution of the acid 
purple red, colour destroyed by excess Basic, 
but not neutral, lead acetate gives a pp Alorcic 
acid reduces silver nitrate and Fehling s solution 
1 used with potash it forms orcin and K^COj 
Salts BaA'j 6aq small needles —CaA', 
needles— CuA'^ 4aq 

Acetyl derivative CjHgAcO, [125°J , 
needles 

Anhydride CyHgOj [138°], formed by 
distilling the acid 

ALOXANTHIN C.sH.oO, x e, C„H,Me(0H)^0 
From barbaloin and socalom, but not from 
nataloin, by chromic mixture Reduced, by 
distillation with zinc dust, to methyl anthracene 
Its alkaline solutions are cherry red Nitric 
acid conveits it into aloetic and chrysammic 
acids (Tilden, Ph [3] 8, 231 , C / 32, 903) It 
foims an acetyl derivative CisHgAcOy 

ALPHA To find compounds beginning with 
this prefix, remove the prefix and look for the 
remaining word 

ALPININ [174°] Light yellow 

needles ( -f H^O) Occurs, together with cam 
phoride and galangm in the galanga root (Jahns, 
B 14, 2810) 

ALSTOHIDIHE [181°] An alkaloid occurring 
along with alstonme (g v ) and porphyrme (q v ) 
in the bark of Alstonia constricta It may be 
separated from porphyrme by its more sparing 
solubility m petroleum It crystallises in radia 
tmg needles, sol alcohol, chloroform, and ether 
Its solutions display intense blue fluorescence 
It IS not coloured by cone H^SO< or HNO, 
Its salts crystallise m colourless needles The 
gol^ and platmum salts are golden fiocculent 
pps (Hesse, A 206, 368) 

ALSTOKIKE SJaq Chlorogemne 

(P V MdUer a L Rummel, C J 35, 31 , Oberlm 
a Schlagdenhauffen, Ph [3] 10, 1059 , 0 
Hesse, A 205, 360) An alkaloid in the bark of 
Aistonxa constricta (F v M ), from which it may 


be extracted by alcohol The extract is evapo- 
lated, treated with very dilute HCl, filtered, ppd, 
by NHg, dissolved in ether and evaporated 

Propel ties — Orange yellow, brittle, pellucid* 
bitter, mass It melts below 100° When drj , 
it melts at 195° It dissolves easily in alcohol, 
ether, chloroform, and dilute acids, but sparingly 
in water All dilute solutions show blue fluo- 
rescence Salts Ppd by excess of acid — 
(B'HCl),PtCl,4aq — (B'HCl),HgCl, 

ALUMINA — Oxide of Aluminium, A1^0„ v. 
Aluminium, Oxide of 

ALUMINATES — Certain minerals are known, 
e g AljOgMgO, A1 O^BeO, &c , which may be re- 
garded as dern ed from the hydrate Aip, H^O 
(i Aluminium, Llyduoxidfs or), by replacing H, 
by Mg, Be, &c Some of these minerals have been 
prepared by Ebelraen {A Ch [3] 22, 211) bydis 
solving Al^O, and the other metallic oxide in 
molten boric acid, and removing part of the sol- 
vent by long continued heating, in this way he 
prepared spinelle A 1 ^ 04 Mg, chrysoberyl Al^O^Be, 
&c By heating Al^^ with boric acid and ZnF,, 
Deville and Caron obtained gahnite A1 O^Zn 

Barium alummate Al^O^Ba 4H^O was ob 
tamed in crystals by fusing Al^O, and carbon 
with BaO, BaCOa, Ba2NO„ or BaSO^, dis- 
solving m water and crystallising (Deville, G R 
64, 327 , V also Gaudin, C R 64, 687 , also 
Beckmann, J pr [2] 2b, 388 a 474) Compounds 
I of A1 Og and BaO obtained by action of BaOAq 
on Al^Og and Al^Cl Aq are described by Beck 
mann {B 14, 2151) 

Potassium alummate Aip^K SH^O was 
obtained m crystals by Frcmy {A Ch [3] 12, 
362) by fusing Al^g and KOH m a silver dish, 
dissolving in water, and evaporating in vacuo , 
this salt mav be recrystallised from con aqueous 
solutions, from dilute solutions Al^O^H^ separates 
out 

Sodium alummate has not been obtained 
crystallised An impure salt is used m manu 
factures , it is obtained by heating cryolite and 
CaO, or bauxite and NaOH, m steam, dissolving 
in water and evaporating to dryness (Morin, J 
1862 668) Tisbier (C R 48, 627) described 
four compounds to which he assigned the com 
positions Aip^Nag, Al^OitNa^, AiPgNa^, and 
Al^O^Na^, but no analyses are given in the 
original paper M M P M 

ALUMINIUM — A1 At w 27 02 (Mallet, T 
171, 1003) Mol w unknown as V D has not 
been determined [About 700°] S G |° (fused) 
2 681 (Mallet, T 171, 1003), (after pressure of 
6,000 atmos ) 2 5G2 (Spring, A Ch [6] 22, 170) 
S H 218 (Lougumine, A Ch [5] 27, 388) , 
(0°-100°) 2253 (Mallet, I c) C E (hn at 40°) 
002313 , (hn 50°) 002336 (Fizeau, G R 68, 
1125) Tj3 (Ag = 100) 3133 (Lorenz, W 13,422) 
EC (Hg at 0° = 1) 20 97 at 0°, 16 16 at 16° 
(Lorenz, Ic) S V S 10 4 Chief lines in spec- 
trum, 3960 9, 3943 4, 3612 4, 30919, 3081*2, 
2815 3, 2630 6 (Hartley, T 175, 101) 

Occurrence — The metal alummium does not 
occur native , but as sihcate (in all clays and in 
very many mmerals, especially the felspars), and 
oxxde (corundum, diaspore, &c ], and fluoride (cryo 
hte), it IS very widely and largely distnbuted, 
forming nearly ^ of the earth’s crust Alumina 
was shown to be adistmct earth by Marggraff m 
1764 , the metal was separated by WOhler lo 
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1828 (P 11, U6), and m purer form m 1854 (A 
58, 422) 

Preparation — WShler decomposed ALjCl, by 
K, in 1854 Deville employed Na and decomposed 
2NaCl A4C1„ {J pr 61, 83, 113, 219, 386) Bun 
sen (P 92, 648) decomposed fused 2NaCl AL^Cl^ 
by an electric current Rose (P 96, 152) decora 
posed 6NaF AlJFfi (cryolite) by fusing it with KCl 
and Na Basset (/ 1869 753) reduced 

2NaCl Al^Clfl by Zn, and heated the Zn A1 alloy 
to white heat to remove the Zn The A1 Cl„ may 
also be reduced by KCN (AVagn, J 1858 1) , a 
compound of A1 and 8 may be reduced by Fe, or 
by hydrocarbons (Petitjean, J 1858 136) , and in 
other ways The usual method of preparation is 
to heat 2NaCl Al^Cl^ with about 36 p c Na and 
40 p c cryolite (as a flux), on the hearth of a 
reverberatory furnace, and to run off the molten 
A1 into iron moulds The 2NaCl A1^C1« is pre 
pared by heating bauxite (silicate of A1 containing 
Fe) with Na^COj, whereby Na aluminate is formed, 
dissolving in water, ppg A1 0, by a stream of 
CO , collecting, washing, and drying the A1 O3, 
mixing it with charcoal and NaCl and heating 
strongly in Cl whereby 2NaCl A1 Cl is formed 
and distilled off into receivers Mallet {T 171, 
1003), prepared very pure A1 by fusing A1 Br^ 
with KCl and NaCl in the ratio 2(KC1 NaCl) A1 Br„, 
and then heating with Na in clay crucibles lined 
with Al^O, and Na aluminate, the reduced metal 
was heated on a support of Al^O,, washed with 
HClAq, then with water, and dried at a gentle 
heat 

Properties — A tin white metal , grey when 
in powder Odourless and tasteless After fusion 
about as hard as silver , hammered metal is about 
as hard as soft iron Veiy malleable, and ductile , 
very sonorous , may be highly polished Tena 
city nearly equal to that of Cu (V Burg, D P J 
161, 286) , less than that of Zn (Karmarsch D P J 
162, 441, 172, 65) Very feebly magnetic 
Melts fairly easily (about 700°) and crystallises, 
apparently m regular octahedra, on cooling 
Non volatile, and non oxidisable m air, heated 
in oxygen becomes covered with film of ALO, 
Unacted on by BL^S or ammonium sulphides, and 
by 8 only at high temperatuies Scarcely 
attacked by HNO,Aq, but dissolved by 
HaAq, H,SO,Aq, KOHAq, and NaOHAq Most 
specimens of A1 contain Fe and 81 , they are 
more easily oxidised than the pure metal 

Aluminium forms one series of salts the 
simplest formulas of which represent them as 
derived from acids by replacement of H, by A1 , 
e g Al, 380., AISNO, &c 

The atom of A1 is trivalent m the gaseous 
molecule AlCl, Many experiments have been 
conducted to determine the mol w of A1 chloride, 
Nilson a Pettersson have finally shown (Z P C 
4, 206) that the only molecules whidh exist 
throughout a considerable range of temperature 
have the composition AJClj Odling (P M [4] 
29, 316) stated the V D of A1 methide to be 36 2 
at temperatures above 200° (and 72 4 at 130°) , 
and hence mol w A1(CH,), It remained, how- 
ever, unoei'tain whether the gas was homogeneous 
or not {v Wanklyn, P M [4] 29, 313 , William 
son, ibid 395 , Le Roux a Lomse, C R 106, 
73) Quincke {Z P C 164) has shown 
that the molecular formula of A1 methide is 


The atomic weight o! A1 has been deter- 
mined , (1 ) by analyses and determination ol 
V D of AL.Clfl, AljBr „ and A1 , (u ) by measure 
ments of 8 H of A1 , (111 ) by comparison of 
various compounds (e q A1 0,, and alum) with 
isomorphous compbunds of Cr and Fe , (iv ) by 
analyses of ammonia alum and Al^Br,, and by 
measuring the H evolved by the action of A1 on 
NaOHAq (Mallet, T 171, 1003 1 , v also for older 
determinations Berzelius, P 8, 1S7 , Dumas, A Ch 
[3] 65, 151 , Tissier, C B 46, 1105 , Terreill, Bl 
31, 153) 

Aluminium is a distinctly metalho element , 
no allotropic forms of it are known According 
to the investigations of Wheatstone {J 1855 22), 
in KOHAq Al is electropositive to Cd, Sn, Pb, 
Fe, Cu, and Pt, and negative to Zn , in HClAq 
Al IS positive to Sn and Pb, and negative to Zq 
and Cd Al decomposes H^O at 100° It reacts 
with acids to form definite salts, but at the same 
time hydrated Al^O^ dissolves in alkalis to form 
unstable salts in which the Al forms a pait of 
the negative, or acid, radicle (v AuuMiNATfs) 

The thermal value of the action of acids on 
Al^OjdH^O IS a large positive number appioxi 
mately equal to the value for CdO H^ and h eO H , 
although considerably less than the values of the 
corresponding actions with CaO^H^, SrO^H^, and 
BaO H. thus (Thomsen) — 


M 

(M, 2HClAq] 

M 

[M, 2HC1 Aq ] 

CaOA 

30,490 

Al O^Hrt 
3 

18,640 

8rO,H, 

27,630 

CdO H, 

20 200 

BaOA 

40,042 

FeO.Hj 

21,390 


The difference between the heat of formation 
of a metallic chloride and hydroxide has 
usually a positive value , in the case of a non 
metallic chloride and oxide the difference is 
usually a negative quantity (Thomsen, Th 
3, 531) , in the case of Al the diffeience m 
question has a large negative value, thus 
[Al , Cl«3— [Alh Oh3H O] = - 22, 320 Al show s 
several analogies with Be , they both very 
readily form basic and double salts , Al^O, is 
less basic than BeO , both metals readily alloy 
with 81, neither seems to be easily acted on by 
8 For fuller discussion of the chemical rela 
tions of Al V Earths, Metals of the 

Reactions — 1 Pure Al is unacted on by 
ordinary air, impure specimens of the metal 
become covered with a film of oxide — 2 Water 
IS decomposed by Al at 100° with evolution of 
H — 3 Con or dilute nitnc acid has no action 
on Al — 4 The metal is easily dissolved by 
hydrochloric acid — 6 Dilute sulphuric acid 
evolves H, forming Al^ 380. , hot con H^80. 
evolves 80^ — 6 Most carbon acids, e g acetic, 
tartanc, have bttle or no action on Al , but in 
presence of NaClAq the action becomes marked, 
Al^Cl, being formed — 7 Sulphuretted hydrogen 
has no action even at high temperatures — 8 
Aqueous potash or soda dissolves Al, evolving 
H, and forming an aluminate {v Cavazzi, O 
15, 202) , molten KOH or NaOH does not bet 
on Al — 9 Sulphates, carbonates, borates, and 
silicates, of the alkali metals are decomposed by 
Al at high temperatures — 10 Potassium mtiate 
oxidises Al when the two react at a white heat. 
11 Alkali sulphides are without action even 
At high temperatures, silver sulphide when 
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baited with A1 is partly reduced with formation 
of a Ak A1 alloy — 12 Many metallic, oxides are 
deoxiuised by A1 at high temperatures, e g oxides 
of Pb, Cu, Fe oxides of Zn and Mn are not 
acted on — 13 Alkaline, but not neutral or 
slightly acid, solutions of lend, silver, and tin, 
are reduced by A1 with ppn of the metals, 
Cu IS ppd from CuSO^Aq —14 Most metallic 
chlorides in solution are reduced by A1 (KClAq, 
NaClAq are exceptions , Cossa, Z [2] 6, 380, 
413) Fused zinc chloride, but not MgCL^, is 
reduced by A1 (Flavitsky, B 6, 195) 

Combinations — 1 With oxygen to form 
Al^O, , only at high temperatures, and then 
superficially — 2 With sulphur to form an 
cyjistable compound {v Aluminium, Sulphide or) 
only at very high temperatures — 3 Wohler 
(P 11, 160) states that A1 combines with 
phosphorus, selcnion, tellurium, and arsenic, 
when heated in the vapours of these elements , 
but little IS known of the compounds —4 With 
hoi on A1 forms at least two compounds {v 
Alumlvium, borides of) —6 With chlorine, bro 
mine, and iodine, A1 combines to form 
Al^Cl,, AL^Br„, and A^Ig {q v ) —6 A1 forms I 
alloys with most of the metals , these alloys are ' 
usually formed by heating the metals together , 
or sometimes by heating Al^Oj and carbon with 
the other metal The properties of many metals 
are considerably changed by alloying with small 
quantities of A1 The alloys of A1 with Cu, Ag, 
and Sn are much used because of their colour, 
hardness, and stability, and the ease with which 
they are worked The alloys of A1 have been 
chiefly studied by Calvert a Johnson (P M [4] 
10, 240) , Tissier (C R 43, 885 , 49, 54) , Debray 
{C R 44, 925) , Wohler {A 106, 118 , 113, 248 , 
118, 253, P 11, 161), Michel {A 115, 102) 
The allo} s with copper containing from 6 to 10 
per cent A1 are yellow, hard, unacted on by 
moist air, water, or salt solutions, and are easily 
worked The alloys with silver aie also veiy 
stable, have a fine colour and may be highly 
polished When a little A1 is alloyed with tin 
the products are very hard and elastic (These 
alloys will be more fully described under Copper, 
Silver, and Tin ) Alloys of A1 with the follow 
mg metals have been prepared — Bi (a very 
little Bi makes A1 extremely brittle) , Ca (by 
heating Al, Na, and much CaClj, Wohler) , Cu, 
Cr (by heating Al with Cr^Cl„ KCl, Wohler) , Au, 
Fe, Mg, Mn (by heating MnCl , KCl, NaCl, and 
Al) , Hg (Cailletet, C R 44, 1250) , Mo, Ni, Pt, 
Ag, Na (tins alloy easily decomposes H^O) , bn, 
Ti, W (by heating WO, with Al, cryolite, and 
KCl, and NaCl) , and Zn 

Detection —Many Al compounds are soluble 
in water, most are dissolved by HClAq Strongly 
heat€d AL^O, is nearly insoluble in acids , it, and 
also the insoluble Al'Contaming minerals, may 
be dissolved by fusion with KHSO^ and treat- 
ment with water (H Bose, P 1, 276) 

Estimahon—1 Usually as Aip, a fairly 
con solution is ppd by a small excess of 
NH|iA.q (if Mg salts are present a good deal of 
NH^ClAq 18 added), the free NH, is removed by 
warming, the pp is washed, thoroughly dned, 
and strongly heated for some time — 2 Al^O^Hg 
may also & ppd by Na^S^O^Aq This method 
M specially applicable in presence of Fe salts , 
(he two met^s are ppd as hydrates, the pp 


IS dissolved in HClAq, the solution is nearly 
neutralised by Na CO^Aq and diluted so that 
60 c 0 do not contain more than 1 gram AL O, 
a slight excess of Na^S^O^q is added, and after 
a little the liquid is boiled so long as SO^ comes 
off, the pp of Al mixed with S is filtered 
hot, washed with hot water, and strongly 
heated until all S is burnt off , 

(Al,Cl,Aq + 3Na S 0,Aq + 3H,0 = 

Al + 6NaClAq + 8S + 3SO, , 
Fe,Cl,Aq + 2Na,S 0,Aq » 

Fe^Cl^Aq + 2NaCIAq r Na S^O„Aq) (v Chancel, 
C R 40,987) —3 Al is also sometimes estimated 
os a basic acetate (v Atkinson, Fr 3, 329 , also 
Schulze, J pr 47, 313) , or as basic formate 
(Schulze, C C 1861 8) For methods of sepa- 
rating Al from alkaline earths v Deville, A CK 
[3] 38, 5, from Co, Ni, and Zn t> Haidlen a. 
Fresemus, A 43, 129 , from iron v Macivor, 
G N 29, 199 , from iron and phosphoric acid 
V Flight, C J [2] 13, 592 , also Esilman, C N 
28, 208 , from chromium v Dexter, P 89,142 

Aluminium, Alloys of, v Aluminium , Com- 
binations. No 6 

Aluminium, Arsenide of According to Wohler 
(P 11, 160) Al combines with As when the 
elements are heated together, the product is a 
grey metal like mass, decomposed by water with 
evolution of AsHg No analyses are given 

Aluminium, Borides of Al seems to form 
two definite compounds with boron, AIB^ and 
AlBjj. They may be obtained by packing a 
rod of Al in amorphous B in a carbon crucible, 
placing this m a Hessian crucible with powdered 
charcoal between the crucibles, covering, and 
heating to redness for or 2 hours , B 0, may 
be used in place of B (10 parts B^O, to 8 parts 
Al) On cooling, the fused mass is treated with 
HClAq, whereby Al dissolves and crystals of the 
borides remain, which may be separated by hand 
(Hampe, A 183, 75) Both borides were ob- 
tained by Wohler and Deville and regarded by 
them as crystallised boron {A 101, 113, and 347 , 
141, 268) , the compositions represented by the 
formulae AIB^ and A 1 B ,2 are assigned by Hampe 
(f c ) AIB^ crystallises m thin, lustrous, pale 
copper coloured, six sided, plates , unchanged by 
heating in air , slowly dissolved by hot con HClAq 
and NaOHAq, easily soluble m warm HNOj,Aq 
This compound may be prepared by the action 
of BCl, vapour on hot Al , or by heating 
BF, KF with KCl, NaCl, and Al AIB,, foims 
black, monoclinic crystals, transparent in very 
thin plates, haider than corundum, softer than 
I diamond S G = 2 534 These crystals are un- 
! acted on by con HClAq or KOHAq, and very 
slowly by hot con H^SO^Aq , they are soluble m 
hot con HNOjAq They are oxidised by molten 
KOH and PbCrO^ , also by molten KHSO, , but 
are not acted on by molten ENO, Heated 
with Pt an easily fusible alloy is formed 

Aluminium, Borocarbide of A1,C«B4, Ori- 
ginally obtained by Wohler and Deville, and 
supposed to be crystallised boron , exaxmned 
more fully by Hampe {A 183, 90) Prepared by 
long contmued heatmg at a very high tempera- 
ture of BjO, and Al m a graphite crucible (for 
details, V Hampe, I c ) The compound orystal- 
hses m yellowish, sparklmg, crystals of ^ 
dimetnc system B G » 2*bl6 , hardness between 
that of duonond and corondom. Tl^e orysUdi 
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ftre slowly dissolved by hot ccm HNOjAq, but 
not by HClAq, H.SO.Aq, oi KOHAq , they 
behave towards molten KOH, PbCr04, and 
KHSO4 similarly to AIB,, {q v ) 

Alnmi 'ium, Brom’de ot AlBrj or AljBr^ , 
not certain [abt 90^] (Weber, P 103, 254) 
(2b3°d) at 747 mm (Mallet, T 18S0 1003) 
S G 2 54 V D 26G 8 (Deville a Troost, A Ch 
[8J 68,257) HP [Al^Br«J = 239,440(r/i 3,240) 
Formation — By passing Br vapour over a 
heated mixture of alumina and charcoal 

Preparation — By the action of Br on excess 
of powdered AI, and subsequent repeated distil- 
lation from Al, and finally m atmosphere of N 
(Mallet, I c ) 

Properties — White, lustrous, plates, fumes 
in air , melts to a mobile liquid , soluble in CS , 
alcohol, and water, in latter with production of 
much heat [ABBr", Aq] - 170, 600 {Th 3, 240) 
Reactions and Combinations — Aqueous so 
lution on evaporation in vacuo yields crystals of 
Al^Br„, 12H^O , this solution is decomposed on 
heating into Al O^Hg and HBr Al^Br^is decom 
posed into Al^Og and HBr when heated in air , 
It combines with the bromides of the alkali 
metals to form double salts, e q 2KBr Al Br^ 
(Weber, P 103, 259) , it absorbs NH3, also H S, 
forming compounds which are decomposed by 
heat (Weber, I c ) 

Aluminium, Chloride of AlCl, Mol w 
133 13(800°-1600°)(Ni]8ona Pettersson,^ P C 

4, 20b) V D 66 5 (N a P Z c ) H F [AhCB] 
-160,980 {Th 3,240) 

Formation —1 By heating powdered Al to 
redness in dry Cl - 2 By passing HCl mixed 
with CSj vapour over crude alumina or clay 
heated to redness , Al S, is formed but is at 
once decomposed by the HCl (Curie, C N 28, 
807) — 3 By heating Al with various metallic 
chlorides, e g ZnClj (Flavitsky, B 6, 195) — 4 
By heating A1,0, with NH.Cl (Rose, P 74, 669), 
or with PClg, BClg, or SiCl, (Troost a Haute 
feuille, C R 76, 1710 and 1819) 

Preparation — 100 parts Al^O, are made into 
a thick paste with 40 parts carbon by the help 
of starch paste, or oil , the paste is kneaded to a 
cylinder, which is dried, heated in a covered 
crucible, and removed while hot to a porcelain 
tube connected with a Cl apparatus , as soon as 
the apparatus is full of Cl, the cylinder is heated 
to redness , Al^Clg distils over into a receiver 
It is purified by sublimation from Al in a closed 
tube bent to an obtuse angle 

Properties — Transparent, deliquescent, hexa 
gonal plates , colourless when pure, but usually 
yellowish because of presence of chlorides of Fe, 

5, Ac Fusible in large masses but volatilises 
without fusion if heated in small quantities 
Soluble in water with production of much heat 
[ABCB,Aq] = 163,690 {Th 3, 240) , soluble m 
alcohol, and ether, insoluble m benzene, unacted 
on by HClAq 

Reactions — 1 Fumes m moist anr absorbing 
H3O and giving off HCl — 2 Easily decomposed 
(to Al^O^and HCl) by tieam (Kuhnheim, J 1861 
149) —8 Partly decomposed by oxygen at a red 
heat with evolution of Cl (Berthelot, C R 86, 
787) — i Heated to redness with Ztme, corundum 
Ai^O,) IS formed , with magnesia^ spinelle 
AljO^Mg) 18 produced (Daubree, C R 89, 135) — 
8 . Decompose below red heat by potassium or 


sodium, with production of AI, and KCl, or NuCl 
— 6 Molten Al^Cl^ is electrolysed to Al and Cl 
(Buff, A 110, 257) — 7 Sulphuric anhydride 
forms Al^ SSO^, SO , and Cl —8 Solution in 
water is decomposed by heat mto Al^O, and HCh 

Combinations —*1 Dissolves in water , solu- 
tion when slowly evapoiated gives deliquescent 
crystals of AL^Cl^ I2H2O (Bonsdorff, P 27, 279) 
— 2 Absorbs dry ammonia to iform yellow 
Al^Clrt 6NH3 , when this is heated in a stream of 
dry H, Al^Glg 2NH3 is obtained (Persoz, A Ch 
44, 319) —3 Combines with phosphoretted hy- 
diogen to form a yellow powder 3AL^Clg 2PH„ 
decomposed by H^O giving off PH, (Rose, P 24, 
295) —4 Phosphoric chloiidc at 180° forma 
Al Cl 2PC1 , crystalline, easily fusible, easily 
decomposed by H^O (Weber, P 107, 375) — 0 
Combines with some other non metallic chlo 
rides , chief combinations are Al^Cl^ 2POCl^ 
(Casselmann, A 98, 220) , A1^C1„ 2NaCl (Weber, 
P 118, 471), AlCl, SCI,, Al,Cl,SeCl„ and 
Al,Cl„TeCl, (Weber, P 104,421) Forms a com 
pound with H^S which is decomposed by H O 
(Wohler, P 11, 160) — 6 Combines with 
chlorides of alkali metals to form Al Cl„ 2MC1 
(Degen, A 18, 332 , Deville, A Ch [3] 43, 30) , 
the most important is Al Clg 2NaCl, white 
crystals, melting at about 185°, volatile at a red 
heat without decomposition , deliquescent, but 
much less so than Al^Cl^ This salt is prepared 
on the large scale, as from it the metal Al la 
obtained {v Alumimdm, Preparation of) — 
7 By evaporating solutions of the mixed chlo 
rides the compounds AL^Cl, 2PdCl 20H^O and 
Al^Cl^ 2PtCl, 30H 0 were obtained (Welkow, B 7, 
304 and 802)— 8 With sulphurous anhydride 
forms AljClg 2SO , a heavy liquid, solidifying at 
— 10° (Andrianov sky, PZ [2j 31, 495) 

Alumimum, Fluoride Of AlFg Mol w un 
certain, as V D not determined S G 3 1 

Occurrence —In combination with NaF as 
cryolite Al^g6NaF, also with silicates m 
topaz, &c 

Formation — 1 By action of HF on Al^Oj — 
2 By fusing cryolite with Alj 3SO„ and digest 
mg m water whereby Na^SO, is dissolved an! 
AljFg remains (Deville, C R 42, 49) 

Preparation — A mixture of fluorspar and 
alumina, m a boat of graphite, is heated to 
fusion in a tube of graphite, in dry HCl , crystals 
of Al^g sublime and CaClj remains (DeviRe, C R* 
43, 971) 

Properties and Reactions — White, and very 
obtuse rhombohedra, unacted on by air, by 
acids, or by aqueous alkalis (Deville, C R 43, 
970) Volatile at bright red heat 

Combinations — 1 V7iih.hydrofiuoricacid&ndL 
water by dissolving Aip, in H^SiF^Aq, digest 
mg with Al^O, till biOj is ppd and solutn^n is 
neutral, and evaporating, crystals of Aip?’^ 7H^O 
are obtained , if digestion with AL^O, is stopped 
while liquid is distinctly acid but SiO^ is ppd , 
and alcohol is added, SAl^F^ 4HP lOH^O is 
formed , if, instead of adding alcohol, the acid 
liquid IS evaporated AL^g HF 6H3O is prod jced 
(Deville, A Ch [3] 61, 327) —2 With alkah 
fluorides compounds of the form Al^F^ 6MF are 
formed, the most important of these are 
the K and the Na compounds Al^g6KF is 
obtained as a gelatinous pp by adding a solution 
of Al^Og in HFAq to an excess of KFAqAl^^ 
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4KP It produced by adding KFAq to excess of 
AlJi’, m HFAq , if the pp is boiled in the 
liquid AyP, 6KF is formed Both pps form white 
powders when dry, and are decomposed with loss 
of all their F by heating with con H^SO^Aq 
A1^F« 6NaF occurs native as cAyolite on the west 
coast of Greenland S Q == 2 96 It may be pre- 
pared by the action of HFAq on AljO, and 
Na.^00,, mixed in ratio Aip, SNajCO,, drying, 
ari heating to fusion Forms colourless, trana 
parent, dimetnc crystals, softer than felspar, 
melts below red heat, forming a colourless glass 
on coolmg Decomposed to CaFg and a solution 
of Al^O, m NaOHAq, by boiling with milk of 
lime, or fusing with CaCOa and boihng m 
K^jated with H^SO^Aq loses HF, and produces 
Al, 3SO, and Na-^SO, 

Aluminium, Hydrated Oxide of, v Aluminium, 
Hydroxides of 

Aluminium, Hydroxides of Three com 
pounds of Al, H, and O are known , they re 
act rather as hydrated oxides, Al^j xH O where 
® = 1, 2, and 3, than as hydroxides Al O, which 
has not been strongly heated takes up H^O , but 
the definite compounds are obtained by indirect 
methods , Al^Oj which has been strongly heated 
has no action on HjO The hydrates of Al^Oj 
lose their water at a red heat When freshly 
ppd they dissolve easily in acids, forming the 
same salts Al where X = acid radicle (u 
Aluminium, Salts of) Thomsen gives the 
following thermal values [Al ^ 0^ 3H OJ — 388,920 , 

[Al, 0^ H^] = 297,000 , H^SO'AqJ = 

20,990, ^ 2HClAqJ = 18,640 (Th 3, 

240) The hydrates also dissolve in KOHAq and 
NaOHAq with formation of easily decomposed 
aluminahs (5 v) The hydrates, especially 
Al Oj 3H 0 form a class of bodies called laAcs 
by their action on vegetable colouring matte is , 
tney pp these colouring matters from solutions, 
hence these hydrates are used as fnordants 

I Monohydrate Al Oj H 0 ( = Al 0,H ) Oc 
cuis native as diaspore, in transparent, trimeti c 
crystals, S G 3 43, which crumble to powder 
Mhen heated but lose all H O only at about 3G0° , 
insoluble in water and in boiling HClAq B> 
heating amorphous Al^O, in a closed tube with 
H O to 240^-250° Mitscherlich obtained hydrated 
Al^O, nearly agreeing in composition with 
foimula AiPj H^O {J pr 83, 468) According 
to Becquerel ( J 1868 87, J 1874 132) ciystallme 
Al^Og H^O 18 produced when a tube containing 
Cr^Cl^Aq and covered with parchment paper is 
suspended in a solution of Al^O, m KOHAq 

II Dihydrate Al^Og 2H^0 ( = AlOjHJ 

Occult native as amorphous bauxite (Berthier, 

6 36, 154) Prepared by the action of NH,ClAq 
on Al^O, m KOHAq, washing, and drying at 100° 
(Lowe, Z 3, 247) , also by ppg hot solutions of 
A I salts by NHjAq, digesting the pp in the 
warm hquid, washing, and drying at 100° (St 
Grilles^ A Ch [3] 46, 68) A dihydrate is also 
obtained by the slow decomposition of basic 
ilumimum acetate, and subsequent evaporation 
k) dryness at 100° {v t ) The dihydrate is said 
to be nearly msoluble in acids and aqueous 
ilkaliB Two varieties of Ai^O, 2HjO m aqueous 
lolutione were obtamed by Crum (C J 6, 225} 1 
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and Graham (T 1861 183), respectively Crum 
prepared basic Al acetate 

(2Al,(CAO,)« AIAH, 3H,0), 
dissolved this by heating with much water, 
heated this solution to 100° m a closed tube for 
ten days, whereby the salt was decomposed into 
acetic acid and AljOj a:H^O, then diluted, and 
boiled in an open vessel until all acetic acid was 
removed The solution of Al^Oja-H^O thus 
obtained was colourless, tasteless, and neutral to 
btmus , it was easily coagulated by small 
quantities of sulphuric, citric, tartaric, and many 
other acids, and by various salts, not by acetic, 
formic, boric, and one or two other acids This 
solution does not act as a mordant , evaporated 
at 100° AL^Os 2H^O insoluble in acids is oobtined , 
the coagulated hydrate dissolves in con acids 
Graham dissolved Al^O, a:H^O in Al^Cl^A^q or in 
Al acetate solution, and dialysed , the aqueous 
solution of Al O3 xKfi thus obtained was very 
easily coagulated by acids, alkalis, and salts , it 
acted as a mordant , the coagulated hydrate 
dissolved easily in dilute acids 

III Trihydrate Al 3H 0 ( = Al20eHJ 
Occurs native, m hexagonal, hbrous, crystals, 
as gibbsUe, and hydi argylhte Prepared by 
ppg cold solution of Al salts by NHjAq, or 
(NHJ^OOsAq, washing, dissolving 111 HClAq, 
reppg , washing, and drying at 100° A soft, 
friable, white powder , easily soluble fn acids 
and fixed aqueous alkalis , insoluble in water 
When freshly ppd it forms a gelatinous mass, 
soluble to some extent in NHgAq, but reppd 
on standing in air Heated to redness it loses 
all its H^O, and contracts considerably A 
crystalline trihydrate is formed by the action 
of air on a saturated solution of Al O, in 
KOHAq (Bonsdoiff, P 27,275), it is msoluble 
in cold acids, slowly dissolved by boiling HClAq, 
more rapidly by PI^SO^Aq Al^O, 3H^O is also 
said to be formed by the action of HgO on A I 
amalgam (Cossa, Z 13, 443) 

Aluminium, Iodide of AH, or Al^Ig , not 
certain [abt 185 ] (abt 360°) (Weber, P 101, 
465,103,259) S G 2 63 V D 387 4 (Devdle 
a Troost, ^ Ch [3j 58, 257) HF [Aiy«] = 140, 
780 (7 A 3, 240) 

Preparation — Al in small pieces is placed in 
a retort, about ^ to 1 p 0 of the calculated 
quantity of I is added, CO^ is led m, and the 
retort is heated until combination occurs , rather 
less than the quantity of I needed to convert 
all the Al into Algig is then added, and heating, 
in a steam of COg, is continued until ALjIg sub 
limes (Gustavson, A 172, 173) 

Propertus, dc — White, dehquescent, plates , 
soluble in alcohol, and CS^, soluble in water 
with production of much heat [AlH®,Aq] = 178,000 
(TA 3, 240) Solution in H^O on standing over 
H28O4 gives Al^Ig I2H2O Decomposed by heat- 
ing in O (Schulze, J pr [2] 21, 40) Forms 
double salts with alkali iodides , absorbs NH, , 
apparently does not combine with H^S (Weber, 
P 101, 466 , 103, 269) 

Aluminium, Nitride of Al heated m N 
increases in weight, and heated with molten 
NaOH evolves NH, ^riegleb a Geuther, A 123, 
238) The compound Al^N, was obtained by 
MaUet (0 J [2] 15, 349) by heating Al with 
Na^CO, to the highest temperature of a wipd 
furnace for some hours m a graphite oruod^ 
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ftnd treatiiig tLe residual mass with HClAq 
The compound is pale yellow when amorphous, 
bright honey yellow and very lustrous when 
crystallised , bnttle, not hard enough to scratch 
glass , m moist air it slowly crumbles down to 
ALO, with evolution of NH* , it is dissolved by 
aqueous alkalis with evolution of NH, and solu 
tion of A1 , fused with KOH or NaOH, an 
alummate is formed and NHj is given off , heated 
m air, NH, is evolved and A1 O, remains 

Aluminium, Oxide of [There are some in 
dications of the existence of an oxide contain 
ing more 0 than AiPg (v Gibson a Morrison 
PRSE 119, 146, 152)] AlA {Alumina) 
Mol w unknown S G (amorphous) 3 725 to 

4 152 (Rose, P 74, 429), (crystallme) 3 928 

5 H (corundum, 9°-98°) 19762 , (sapphire, 

8°-97‘^) 21733 (Regnault, A Ch [3] 1, 129) 

Occurrence — Native, nearly pure as corun 
dum, sapphire, topaz, amethyst, &c , also in 
opaque variety as emery 

Formation — I Amorphous — 1 By 
burning powdered A1 in oxygen — 2 By ppg boil 
mg solution of potash alum by (NHJ COgAq, 
washing, and strongly heating — 3 By strongly 
heating ammonia alum — 4 By digesting clays, 
felspathic rocks, &c , with con KOHAq under 
pressure, and ppg by CO^ — 5 By heating a 
mixture of cryolite and lime in steam, lixiviating, 
and ppg by COj — II Crystalline —1 By 
fusing the amorphous Al^, in the oxyhydrogen 
flame (Gaudm, C B 49, 1342) — 2 By heating 
equal parts of potash alum and K SO4 with 
charcoal (Gaudm, A 103, 92) —8 By fusing 
together Al phosphate with three or four parts of 
KjSO, or Na^SO, (Debray, C B 52, 895) -4 
Along with Al O3 HjO, by heating a solution of 
A1;0, m HClAq to 350*^ in a closed tube 
(S6narmont, C R 32, 762) — 5 By heating to 
bright redness equal parts of amorphous AL^, 
and PbO (DeviUe a Caron, A Ch [4] 5, 104) 

Preparation — The amorphous variety may 
be prepared by heating dry potash alum for two 
or three hours to redness, finely powdering the 
residue, washing with water, mixing with 
NaOHAq containing as much NaOH as the 
potash alum used, drying, strongly heatmg, and 
washing with water (Wohler, A 53, 422 , Brun- 
ner, P 98, 488) Crystalline AljO, may be pre 
pared by heatmg to whiteness a mixture of one 
part amorphous Aip, with four parts fused 
borax (Ebelmen, A Ch [3] 33, 34) Large 
crystals 1 cm long were obtained by Deville a 
Caron (A Ch [4] 5, 104) by the action of AIJF, 
on boric acid at a high temperature The Al E, 
was placed m a graphite crucible, the boric acid 
being contamed m a small Pt basin fixed above 
the Al^j , the whole was placed m a Hessian 
crucible and heated in a wmd furnace for some 
time , BF, was volatihsed and crystals of Al^O, 
remained 

Properties — Known m two forms, amorphous 
and crystallme The amorphous variety is a 
white, soft, powder , cakes together when strongly 
heated, and becomes nearly as hard as corun 
duni , mfusible except m oxyhydrogen blowpipe , 
insoluble m water , soluble m acids and aqueous 
alkahs, but after strongly heating becomes m 
soluble in acids except con H^SO^Aq and con 
HClAq The crystalline variety forms colourless 
ihoinb^cdra, msoluble in all acids, nearly as 


hard as diamond. Both forms are ondeoomposed 
by heat, and are unacted on W Cl 

Reactions — 1 With acids amorphous Al^O, 
reacts to form Al salts — e g Alj 3SO, — 2 Fused 
with potash or NaOH, or KHSO4, both amor 
phous and crystalline AL^O, form alummates (q V ) 
which are soluble m water — 3 Amorphous Aip, 
heated to whiteness with potassium is partly de- 
oxidised with formation of an alloy of K and Al 
4 Heated with sal ammoniac, Al^Cl^ is formed , 
the same compound is produced by the action of 
hot BCI3, or SiCl^ — 5 AL 83 is said to be formed 
by the action of carbon disulphide vapour on 
hot Al^O, — 6 Water is taken up by slightly 
heated amorphous Al^Oj, but no defimte hydrates 
have been thus obtamed (u AiiUmNiUM, Hydb 'X- 
IDEB op) 

Aluminium, Oxychlorides of A senes of 
these compounds seems to exist , they may be 
obtained by the action of a mixture of Al^Cl, 
vapour and 0 on Al , the higher the tern 
perature the more O is there m the product , 
they are soluble in dilute acids and alkalis, and 
are decomposed by water (Hautefeuille a Perrey, 
C R 100, 1219) Tommasi {Bl [2] 87, 443), 
describes three compounds of AlaO^H, with 
Al^Clg obtained by the action of Al on CuCL^Aq 
under different conditions 

Aluminium, Phosphide of Described by 
Wohler (P 11, 160) as a dark grey mass, which 
decomposes H 0 evolving PHj , produced by 
heating powdered Al to redness in vapour of P 

Aluminium, Salts of Salts obtained by 
replacing H of acids by Al These salts 
belong to the form Al^X,, or AIX,, where X =» 

NO,, &c , besides these, many 

basic salts (compounds of normal salts with 
AiPa xH 0) are known Very many Al salts 
also form double salts , the most characteristic 
of which are the alums Al^ M^SO, 24H^O, 
where M = an alkali metal, Ag, or T1 {v Alums) 
The haloid salts, the normal nitrate, sulphate, 
and acetate, are soluble m water , most of the 
other normal salts, and almost all the basic 
salts, are msoluble m water The soluble salts 
possess a sweetish, astringent taste Aqueous 
solutions of Al salts generally contain more or 
less free acid, which is not, however, to be 
detected by the ordinary tests , Erlenmeyer a 
Lewinstein {Z 3, 572) add freshly ppd. 

Mg NH4 PO^, which pps Al2(P0J^, and forms 
MgSO, and (NHJjSO^, the acid can then be 
detected by litmus &c The number of Al salts is 
not very large , with some acids, e g sulphurous, 
carbonic, &c , it forms no salts or very unstable 
ones which can hardly be obtained pure The 
chief salts — described under Borates, "^Phob- 
PHATEB, &c— are the borates, nitrates, phos^ 
phates, silicates, and sulphates v also Oabbo- 
NATES, Sulphites, Selenates, Ac 

Aluminium, Selenide of According to 
W6hler, Al when heated in Se vapour com 
bines with the latter to form a bla!^ powder 
which IB decomposed by EL^O mto Al30,.®H,0 
and H,Se (P 11, 160) 

Aluminium, Silioides ol Al and Si react 
m almost all proportions , the products seem 
to be of the nature of alloys When Al is 
heated with sihcates in preaenoe of a flux, a 
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portion of the Bilica is reduced and combines 
with part of the A1 An alloy containmg 10 3 p c 
hi, called cast alumiMum, is grey and very 
brittle, an alloy with 70 pc Si still exhibits 
metallic properties The allovs of Si and A1 are 
much more easily acted on^by reagents than 
either of the elements which form them 
Alumiainm, Sulphide of Al^S,. 

If A1 18 heated to glowmg and S is then 
thrown on to it, a black mass is produced which 
IB decomposed by HjO with evolution of HjS A 
mixture of AljSg and AljOg is obtained by passing 
CS2 vapour over red hot AlPa When Al^ 380^ 
IS heated in H, Al^O, remains and H SO4 is 
volatihsed (Wdhler, P 11, 160) The best 
method of preparing AljS, seems to be to pass 
h vapour over hot A1 in a carbon boat placed in 
p porcelain tube kept full of H It is described 
as yellow crystals, with a bitter taste, which melt 
with difficulty, and are rapidly acted on by water 
with formation of H S and Al^Oj xKfi (Fremy, 
A Ch [3] 38, 322 , Sabatier, A Ch [5] 22, 88 , 
Beiohel, J pr [2] 12, 65) Spnng {Bl [2] 
89, 64) obtained a sulphide of A1 by very strongly 
compressing an intimate mixture of A1 and S 
Aluminium, Tellunde of Described by 
Wflhler as a black powder produced by heating 


from bensene and acetyl chlotide The opera* 
tion IS performed by dissolvmg the aromatic 
hydrocarbon and the haloid denvative in CS^ or 
light petroleum, and addmg AlCl, in successive 
small portions The reaction is completed by 
heating on a water bath Condensation is also 
brought about by AlCl, by the removal of water , 
thus benzene and Ao^O form acetophenone , 
while benzene and phthalio anhydride form 
benzoyl benzoic acid Under the influence of 
AICI3 other reactions also occur , thus benzene 
18 converted by oxygen, sulphur, sulphurous acid, 
and carbonic acid into phenol, phenyl mercaptan, 
benzene sulphimc acid, and benzoic acid, respec- 
tively 

These reactions are perhaps due to the 
formation of such compounds as A101,3C«Hj in 
which the benzene may be supposed to be more 
unstable than when in the free state , thus, we 
might imagine the compound to be AlHjCljPh, 
Molecular changes may, however, take place in 
the alkyls , thus both n and iso propyl bro 
mides are converted by AlBr, into the same iso 
propyl benzene , this is because n propyl bro 
mide 18 changed by AlBrg, into its isomeride 
(Gustavson, J 1878, 380 , P 16, 968) 

In the above cases AICI3 induces the building 


together A1 and Te (P 11, 160) 

M M P M 

ALUMINIUM AMTLATE v Amyl ALCOHOL 

ALUMINIUM BEOMIDE, Action of, on Or 
game Bodies — Aluminium bromide assists the 
biomination of aromatic hydrocarbons The 
action appears to be preceded by the formation 
of a compound AlBrjOC H (Gustavson, J 
1877,400, 1878, 380, B 18, Ref 208) AlBr, 
also combines with butylene , thus, when HBr 
mixed with C2H4 is passed into AlBrg at 60°, the 
compound AlBrgCjHg is formed, the same com 
pound 18 formed from AlBrg and C^H^Br, and by 
passing HBr into American or Caucasian petro 
leum containing AlBr, at 70° (Gustavson, J B 
16, 95 , B 17, Ref 163) 

The compound AlBrgC^Hg is an oil, insol in 
light petroleum or CS^, it is decomposed by 
water with formation of unsaturated hydro 
carbons and by alkyl bromides at 70° with 
formation of paraffins (Gustavson, J pr [2] 
84, 161) 

Aluminium bromide converts alkyl chlorides 
into bromides 

ALUMINIUM ISO BUTYL C.^Hg^Al le 
Al(C4H„)g From A1 and Hg(C4HB)2 Fuming 
liquid (Cahours, J", 1873, 622) 

ALUMINIUM ISO BUTYLATE v iso Butyl 

ALCOHOL 

AJ^UMINIUM CHLORIDE, Action on Organic 
Bodies — Aluminium chloride is converted by 
C2H4 and HCl at 100° mto the compound 
AlClgCjH, (G ) 

idummium chloride added to a mixture of 
an aromatic hydrocarbon and an alkyl or alkoyl 
chloride, bromide or iodide, promotes the evolu 
tionlif HCl, HBr, or HI and is therefore a most 
powerful agent m organic synthesis as a means 
of introducing alkyl or alkoyl groups mto an 
aromatic nucleus (Friedel a Grafts, C P 84, 
1392, 1460 , 86, 74, 672 , 86, 1868) Thus 
methyl benzenes may be formed by this means 
from benzene and methyl ehionde, acetophenone 


up of more complicated compounds, but this 
reaction may be reversed and alkyl groups 
removed instead of introduced Thus ethyl 
benzene, heated with AlCl, m a stream of HCl, 
evolves ethyl chloride and is reduced to benzene 
(Jacobsen, B 18, 338) When the alkyl chloride 
18 not carried off by a stream of HCl it may act 
by substitution upon another portion of the 
hydrocarbon Thus toluene is converted by 
boilmg with AlClg into benzene and xylene 
(Anschutz a Immendorff, B 17, 2816) Some 
what similar reductions occur in other cases, 
the hydrogen being derived from another portion 
of the hydrocarbon Thus naphthalene gives 
naphthalene dihydnde, by reduction, and iso di 
naphthyl, by abstraction of hydrogen , benzene 
gives toluene and ethyl benzene together with 
di tolyl , di phenyl methane is reduced to ben 
zene and toluene (Friedel a Crafts, B A 1884, 
468, C B 100, 692) 

AiClj acting upon n propyl iodide gives pro 
pylene and HI, which then react, producing 
propane (Kohnlein, B 16, 660) Alumimum 
bromide or iodide acting on propyl chloride or 
iodide at 130° form propylene but no propane 
(Eerez, A 231, 286) AlCl, acting upon alcohols 
and phenols eliminates HCl , thus phenol gives 
(PhOlgAI^Clj , resorcin gives (C«H402) AL2CI4 , and 
m chlorhyd^ gives CsHgCljO AJCla, which 
crystallises from CSg These compounds are at 
once decomposed by water mto the alcohol, 
Al(OH)„andHCl(Clau8a Mercklm,B 18,2932) 
Acetyl chloride m C83 is converted by AlCl, 
mto a white sohd, C,2H,40,AL2C1„ whence water 
produces a hquid CjHgOj (137°) which may be 
acetyl-acetone (Combes, C R 103, 814) 

ALUMINIUM ETHIDE A1C,H„ te AlEt, 
(194°) V D 4 6 (for 8 9) at 284° From mer 
cuno ethide and alumimum heated at 100° for 


some hours (Buckton a Odlmg, Pr 14, 20) 
Liquid , fumes violently m air, soon taking fire 
Decomposed by water lodme forms EtL 
Aluminium iodo ethide AlaOtH. Ja 
Al,Et,l„ (340°-860°}, u a fummg Uqmd formed 


L 2 
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by action of EtI on A1 at 130° (Cahours, A Ch 
[8] 68, 5, A 114, 242) 

ALllMIM'nJM ETHYLATE v Alcohoi. 

ALUMIKIUM lOBIBE, Action on Organic 
Bodies All, turns out Cl displacing it by I, e ^ 
8CCI4 + 4AII3 ^ 3CI4 + 4A1C1, (Gustavson, A 
172, 173) Aluminium iodide and aluminium 
are singly without action on alcohol, but to 
gether they react, forming Al^Ia(OEt)g and 
Al^(OEt), One molecule of aluminium iodide 
may convert very many molecules of aluminium 
into alumimum ethylate {v Alcohol) Other 
alcohols act similarly {v Propyl, Butyl, and 
Amyl, AiiCOHOLS, Cresol, Phenol, Naphthol 
Thymol), but methyl and iso propyl alco 
hols, glycol, and glycerin do not , the latter 
forms allyl alcohol (Gladstone a Tribe, Pr 
30, 546, C / 39, 2 , 41, 5 , 49, 25 , Hodgkinson, 
C N 1877, 237) Aluminium behaves m a 
similar way towards water and ether, it does 
not attack these bodies until after iodine has 
been added, when it reacts with water thus 
SHp + A1 == Al(OH)g + Hg, with which may be 
compared its action on alcohol 3HOEt + Al=» 
Al(OEt), + H8, while with ether it forms alu 
mmmm lodo ethylate and EtI 

ALUMINIUM METHIDE AlCgHg t e AlMe, 
tc 0°] (130°) V D 2 8 (for 2 5) at 220° , 4 at 

160° From HgMe, and A1 at 100° (Buckton 
a Odhng, Pr 14, 19) Takes hre in air Ke 
sembles AlEt, Just above its boiling point the 
compound seems to be Al^Me, 

ALUMINIUM PEOPYL 
AlCgH,, le A1(C,H,), (240°- 245°) 

From HgPr, and A1 (Cahours, J 1873, 618) 

ALUMS — Doable sulphates or selenates 
having the composition expressed by the gene 
ral formula M^^S{orSc)0^ NiS{orSe)0^2iH^O, 
where M^Al, Cr, Mn, Fe, In, or Oa , and N = Na, 
K,Rh, Cs, NH^, Ag, or Tl These salts crystallise 
m forms belonging to the regular system, usually 
in octahedra or cubes The following are the 
best known alums — 1 Sulphates (1) M = A1, 
and N = Na, K, Kb, Cs, NH^, NHg(C,Hg), Ag, or 
Tl, (2)M = Cr, andN«Na,K, orNH^, (3) M = 
Mn, and N = K, or NH^ , (4) M = Fe, and N - K, 
or NH^ , (6) M«Ga or In, and N^NH^, (6) 
Mj = CrAl, and N = K, or NH^ II Selenates 

(1) M - Al, and N = Na, K, or NH^ , (2) M = Cr, 

and N = K, or NH^ III Mixed Selenates and 
Sulphates, MjSSeO^ NgSO. 24H2O (1) M=A1, 

andN-K, (2) M-Cr, and N = K, (3) M«Fe, 
and N = K I V Mixed Sulphates and Selenates, 
M^SO^ N,Se04 24H2O (1) M-Al, and N = K, 

(2) M *= Cr, and N = K , M =» Mn, and 
N = K, (4) M = Fe, and N»K Besides these, 
there are certain double salts which resemble, 
but are not isomorphous with, the alums, of 
these pieado-alums the most important are 
the following — I Compounds of Alg3S04 with 
(1) MnS04, (2) FeS04, (3) MgS04, each with 
24H^O n Compounds of Fe^ 3SO4 with (1) 
MgS04, (2 ) CuS 04,(3) ZnS04, each with 24H3O 
HI Mn,8S0^MgS04 24H,0 

In naming the alums, if no prefix is used, a 
double sulphate of alumimum and one of the 
metals represented by N m the formula is under- 
stood y thus potassium alum is 

A1,8S04 K,S04 24HgO 

The sulphates oontainmg no aluminium are 
^H)keD hi as chromium-s^um alum, iron am 


monium alum, <&o Similarly, the names 
ammonium selenio alum, and chromium potas- 
sium selenio alum are used for the members of 
Group II The salts belonging to Groups III 
and IV may be called selenio sulphuric alums , 
the individual bodies are best distinguished by 
their formulsB 

The alums are all soluble in water, their 
solubility in hot, being considerably greater than 
in cold, water , (potash alum, S 3 29 at 0° , 
S 22 at 30°, S 31 at 60°, S 357 at 100°) The 
solutions have a styptic taste and an acid re 
action Some of the alums are separated by 
water into their constituent salts, e g silver 
alum, and manganese ammonium and potassium 
alums Others are partially separated , ind^d 
it appears very probable that every alum is to 
some extent separated into its constituents whe^ 
dissolved in a considerable quantity of water 
Thus, Favre and Valson (C R 74, 1165) find 
the heats of solution of one equivalent of alumi- 
nium sulphate (1) in water, (2) in a solution of 
K^SOj, and (3) in a solution of (NH4)2S04, to be 
the same (about — 8,000) , hence no combination 
occurs between the two sulphates in the presence 
of water Further the heats of solution in 
water of *he alums have large negative values, 
and in some cases — e g iron ammonium alum — 
this value increases consideiably as temperature 
rioGs (Favre and Valson, C R 74, 1016) 
G Wiedemann (P 126, 1 , 135, 177), by deter 
mining the specific magnetism (that is, magnetic 
moment de% eloped by unit magnetising force 
mass of salt in unit volume) of various salts in 
solution, has shown that an aqueous solution of 
ferric sulphate is partly separated into sulphuric 
acid and colloidal ferric oxide, and that the 
amount of this separation increases the larger 
the quantity of water added, he has also sho\\n 
that an aqueous solution of iron ammonium 
alum behaves almost exactly in the same way as 
ferric sulphate , hence the separation of the ferric 
sulphate by the water is independent of the 
alkaline sulphate , and hence a dilute aqueous 
solution of this alum is to a large extent sepa 
rated into its constituent salts When an 
aqueous solution of potassium alum saturated at 
12° is heated to 100° a precipitate is slowly formed 
containing varying quantities of AljOg, K^O, SOg, 
and H 0 , even after 30 days the precipitate con- 
tinues to be produced The decomposition of 
the alum is hastened by adding K2SO4 to the 
solution (A Naumann, B 8, 1630) Chromium 
potassium alum exists m two forms , as violet 
crystals, and as a green non crystallisable salt 
When a solution of the former salt in water is 
heated to 70°-80° the colour changes to green, 
and this change is attended with a gradj^al in- 
crease of the volume of the solution, as the 
green solution cools the colour slowly changes to 
violet blue, and the volume of the liquid slowly 
decreases (Boisbaudran, C R 79, 1491) The 
violet crystals change at 300°-350° to the green 
salt with loss of all their water of orystalhsa 
tion, this green dehydrated alum is v^olly 
soluble in hot water, but when heated somewhat 
above 360° it suddenly changes to greemsh 
yellow and becomes quite insoluble in water 
(Lowel, A Ch [8] 44,813, Siewert, A 126, 
86) When a quantity of banum chloride 
sufficient to precipitate all the acid in a given 
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mats of ohrommm potassium alum is added m 
four equal portions to an aqueous solution of the 
green form of this alum, the first and second 
fourths of the banum are at once precipitated, 
but the rest only very slowly , moreover, the 
quantity of heat pioduced durir% the precipitation 
of the first and second fourths is much greater 
than that produced during the subsequent pre 
cipitations (Favre and Valson, G E 74, 1165) 
Thus, 

Oram units of heat produced 
Excels of BaOl, lat fourth 2nd fourth 3rd & 4th fourths. 

8251 4104 4102 146 

These results taken together show that solution 
in water of the commoner (probably of all) alums 
IS •accompanied by paitial separation of these 
compounds into their constituent salts, and also 
1^ partial decomposition of these constituents, 
certainly at least of the sulphate of the heavy 
metal , and that the amount of this separation 
and decomposition is increased by increasing the 
quantity of water, or by raising the temperature 

The alums are dehydrated by the action of 
heat , at a higher temperature a portion of the 
acid radicle is usually volatilised, and a double 
basic sulphate remains, such as native alum stone 
A1^3SO^ K^S04 2AIP3 8H 0 , at a still higher 
temperature more acid is removed and a mixture 
of alkaline sulphate and oxide of Al, Cr, Mn, or 
Fe remains , the ammonium alums leave a 
residue of oxide only For descriptions of the 
properties of the individual alums v Sulphates 

M M P M 

DI ALXTRIC ACID v Dialuric acid 

AMALGAMS Alloys of Mercury {v Allots) 
Amalgams are formed (1) by direct union of 
mercury with other metals , e g amalgams 
of alkali metals, of Zn, Pb, Sn, Au (2) by 
precipitation of other metals from solutions of 
their salts on mercury , this is often done by 
placing sodium amalgam in the solution of a 
metallic salt, sometimes by electrolysmg a me 
tallic solution in presence of mercury , e g amal 
gams of Ag, Fe, Co, Ni, Mn, Ba (3) by precipi 
tation of mercury on another metal, sometimes 
it 18 necessary to electrolyse the mercurial solu 
tion, making the other metal one of the elec 
trodes , e g amalgams of Cu, Ag, Au, Pt (4) by 
placing the other metal in contact with mercury 
and a dilute acid , eg Zn amalgam The form 
ation of amalgams is not usually attended with 
any marked thermal change, but in the produc 
tion of amalgams of the alkali metals much heat 
18 produced Thus, [Na, Hgj = 10,300 , [Na, 
-21,600, [K, Eg*] -20,300, [K, Hg'^]^ 34,200 
(Berthelot, C R 88, 1110, 1336) In the forma 
tion of amalgams of Sn, Pb, and Bi, heat is ab 
sorbeff Little or no contraction of volume 
aocompames the formation of amalgams, except 
in the cases of Cu, Ag, Sn, Pb, and a few other 
metals The relative conductivity for heat of 
some sohd amalgams is considerably greater than 
that of either of the metals composmg them , 
e g cimalgams of Sn, Zn, and Bi Many solid 
amalgams seem to be chemical compounds in defi 
nite proportions , thus when various amalgams 
oontammg excess of mercury were subjected to a 
pressure of about 70 tons on the square inch 
mercury was removed, and defimte bodies re 
mained, oontammg mercury and metal approxi> 


mately m the ratios expressed by the formulas 
CuHg, AgHg, FeHg, Zn^Hg, Pb^Hg, PtHg, 
(Joule, C J 16, 878) Agam, when amal 
gams of Au, Ag, Cu, Pb,K, and Na, were heated 
near to, to, or above, the boiUng point of mer- 
cury (360°), the following definite amalgams wer« 
obtained (De Souza, B 8, 1616 , 9, 1060) — 

At 310° AugHg Ag4Hg Cu, 

„ 860° Au^Hg Ag„Hg Cu,*Hg PbgHg 
„ 440° Au.Hg Ag„Hg Cu„^Hg Kj^g Na,Hg 
Some of the hquid amalgams may be regarded 
as solutions of definite compounds in excess of 
mercury, e g liquid Na and K amalgams , others 
as solutions of metals in mercury, e g some of 
the iron amalgams For descriptions of indi- 
vidual amalgams see the articles on the different 
metals, also Mercury M M P M 

AMALGAMATION The process of forming 
AmalgamSy q v 

AMALIC ACID 0,2H,4N408 

1 e C8H2Me4N408 Tetra methyl alloxantin 

Formation — 1 On mixing a solution of di 
methyl alloxan with one of di methyl dialurio 
acid, amalic acid is ppd (Maly a Andreasch, M 
3, 103) — 2 A product in the oxidation of 
caffeine by chlorine or nitnc acid (Rochleder, 
A 71, 1) — 3 By reducing di methyl alloxan by 
H^S (E Fischer, B 14, 1912) 

Properties — Transparent colourless crystals 
Stains the skin red V si sol cold water or 
alcohol, si sol hot water Reduces silver salts 
It forms deep violet compounds with baryta, 
KOH, or NaOH 

Reactions — 1 Oxidised by mtric acid to 
di methyl alloxan, or, better, by passing chla- 
rine into water in which it is suspended — 

2 Amalic acid may be distilled without 

leaving a residue, but it is decomposed and 
in the distillate there is a crystalline acid, 
C,2H,4N408, ^ desoxy amalic* acid [260°] 

This acid is v sol chloroform or glacial acetic 
acid, sparingly so in cold alcohol, water or ether 
Soluble in alkalis but reppd by HCl Is partly 
decomposed when distilled Reduces boiling 
ammoniacal AgNOg Evaporated with HNO3 
it forms dimethyl alloxan Chromic mixture 
converts it into cholestrophane Hence it is 
possibly (Fischer a Reese, A 221, 339) • 

Me N - CO CO NMe 

COHC - CHCO 
Meli - CO 60 NMe 

8 Hydrogen sulphide forms di methyl di - 
alunc acid (M a A ) — 4 By boiling with 
water in an open vessel di methyl oxamide is 
produced 

C,2H,4N403 + H2O + O, = 2C4H8N2O2 + 4CO2 
6 Ammonia gas turns it violet, forming 
murexo\n^ a crystalline body resembling 
murexide — 6 From the solution made by heat- 
ing amalic acid (4 pts ) with cyanamide (2 pts ) 
and water (100 pts) there separates out, on 
ooohng, crystalline cyamido amalic acidf 
C,aH,4NgO, Long prisms, si sol cold water, v, 
sol hot water, insol alcohol or ether, reduces 
silver salts, and yields methylamine and an 
oxalate when boiled with alkalis It gives off 
purple vapours when heated, and forms a subU* 
mate (Andreasch, M 3, 433) 

AMANITINE v Neurikb 
AMABINE t; Benzoic aldehtdi* 
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AMBER A fossH resin from Pimtes sue- 
c%mfer SO 1 06 to 1 10 It contains from 
8 to 8 po succinic acid, also a resin [146°] 
soluble m ether but not m alcohol, a resm 
•^106°] soluble m alcohol and other bodies 
There is about 1 p c ash (O Helm, P [3] 11, 
229) When amber is distilled, succinic acid 
and oil of amber are got The latter (110°-260°) 
IB a mixture of terpenes (Pelletier a Walter, 
A Ch [3] 9, 89) 

AMBEEIN [26°-80°] Extracted from am 
bergns by hot alcohol Ambergris is found in 
the mtestmesof the spermaceti whale m tropical 
climates, and also floating m the sea Ambrein 
is insol water, v sol alcohol or ether, neutral to 
litmus It cannot be saponified It greatly resem 
hies cholestenn (Pelletier, A 6, 24 , J Ph 6, 49) 
AMENYL glycerin V Tri OXY PENTANE 
AMENYL VALERIC ACID v Decenoic acid 
AMETHENIC ACID (185°-230°) By 

oxidation of diamylene with chromic mixture 
(Schneider, A 167, 209) 

Properties — A light oil 
Salts — SrA' 2 , 8aq needles — Zn A'* warts , 
aqueous solution forms a gelatinous pp on 
heating — AgA' difticultly soluble pulverulentpp 
AHIC ACIDS Bodies represented by the 
formula X"(C02H) CO NHj, being at once amide 
and acid, e g oxamio acid 

AMIDES Bodies derived from ammonia by 
displacing one third of its hydrogen by a mono 
valent acid radicle (Gerhardt a Chiozza, A Ch 
[3] 46, 129) When two thirds of the hydrogen 
18 displaced by a divalent radicle the product is 
called an imide, but if the same amount of 
hydrogen is displaced by two monovalent 
radicles the product is still called an amide If 
the whole of the hydrogen is displaced the pro 
duct IS also called an amide unless it is displaced 
by one tnvalent radicle, when it is called a nitrile 
Amides derived from ammonia by displacing 
one third of the hydrogen by an acid radicle, e g 
NH 2 .CO X, may also be looked upon as derived 
from mono basic acids, X CO OH, by displace 
ment of OH by NHj 

Di basic acids, Y"(CO OH) 2 , form, in a 
similar way, first amic acids, Y"(CO OH)(CO NH^), 
then di amides, Y"(CO NBLj)* Thus a di amide 
may be considered to be derived from two mole 
cules of ammonia by displacing one third of the 
hydrogen by a di valent acid radicle 

Formation — 1 By action of ammonia on 
ethers X CO OEt + NH, - X CO NH 2 + HOEt — 
2 By the action of ammonia on acid chlorides 
X CO Cl + 2NH, - X CO NBL + NH,01 
8 By the dehydration of ammonium salts 
X00 0NH,~H20-XC0NH2. The rate at 
which this decomposition is brought about by 
heat has been studied by Menschutkm (C R 
98, 1049) — A By action of NH, on anhydrides 
(X CO)20 +2NH, - X OONH- + X CO ONH, 

The anhydrides of di basic acids are converted by 
this reaction into amic acids or imides — 6 From 
mtriles and oold cone hydroohlono acid 
XON + HjO - X CO NHj —6 !l^m mtnles, hy 
drogen peroxide, and very dilute KOH (Rad 
aisaewski, B 18, 856) —7 Prepared by heating 
acids with ammonio sulphooyamde lor three or 
lour days, e g 

NH,SNC + 2HOA0 - BAcNH, + OOS + H.0 
(J SohuUe, / pr, [2] 27, 612). 


Properties —The amides are usually solid, and 
their meltmg points serve to identify the several 
acids They are neutral to litmus, but tona 
compounds with acids , their typical hydrogen 
can m many oases be displaced by metals (Ag or 
Hg) The typical hydrogen can be displaced bv 
alkoyls, by treatment with acid chlorides, bu* 
heating with alkyl iodides does not result in the 
introduction of alkyls unless sodium has been 
previously introduced Alkylated amides can be 
formed by the action of alkylammes upon acid 
chlorides or ethers 

Reactions — 1 Converted by dehydration {e q 
with Ppj into nitriles XCONH 2 = XCN + H^O 
2 Converted into acids by boihng potash^ 
boiling dilute HCl, fuming HNO,, or nitious acid 
XCO NH 2 + HN 03 = XC0 OH + H 2 O + N 2 O 
(Franchimont, R 2 343) 

X CO NH2 + HNO2 = X CO OH + H ,0 + Nj. 

8 One of the typical atoms of hydrogen may 
be displaced by halogens , when bromine and 
alkalis are both present, compounds of the form 
X CO NKBr and X CO NKBr, are produced , 
these readily split up into KBr and cyanic 
ethers XNCO (Hofmann, B 17, 1406, 18, 2734) 

4 Phosphorus pentachloride reacts thus 
X CO NH 2 + PCI, = X CCl NH 2 + POCl, 

The resulting compound splits off HCl giving 
X CCI 2 NH 2 - HCl + XCCl NH a chloro imide 
and XCC1NH = HC1 + XCN — 6 PCI, acts 
upon alkylated amides, forming compounds 
with twice as many carbon atoms in the mole 
cule Thus CH 3 CONHEt gives CH 3 CCI NEt 
which then acts thus 

2 CH 3 CCI NEt = NEt CCl CH, CMe NEt + HCl 
CH, CONHPh acts similarly, while PhCO NHPh 
and CCljCONHEt form only chloro imides 
Formanilide, HCONPhH does not produce 
NPhCClCHNPh but NPhCHNPhH, di 
phenyl formamidme (Wallach, A 184, 1 , 214, 
193) 

The HCl liberated in the decomposition 
X CCL 2 NHY = HCl + XCCl NY 
may often convert undecomposed amide mto 
amidine 2X CO NHY + HCl = 

XCO 2 H + XC(NYHNHY)HCL 
Amidmes may also be formed thus 
XCONHY + XCCI 2 NHY - 
XC(NY)(NHY)HC1 + XCOCl 
6 Heated with alcohol they form alkyl am- 
monium salts 

X CO NH 2 + HOEt - X CO 0 NH 3 Et 
X CO NHEt + HOEt = X CO 0 NH^Et, 

X CO NEtj + HOEt -X CO 0 NHEt, 
(Baubigny, C B 96, 646) —7 ZnEt, acts thus • 
X CO NH, + ZnEt, « X CO NZn + 2HEt 
Y" (CO NH 2 ), + ZnEt, = Y" C 202 N 2 H 2 Zn + 2HEt. 
These compounds are decomposed by ^ter, 
with reproduction of the amide (H. Gal, U R 
96, 1816) — 8 Phenyl hydrazine reacts thus 
PhNBLNH, + NH, CO X » PhNH NH CO X + NH, 
(F Just, B 19, 1201) — 9 Dry HCl converts 
primary mto secondary amides 

2NAcH, + HCl - N Ac^H + NH^Ol 
AHIDINE8 The name is apphed to bom- 
pounds that contain amidogen and imidogen 
attached to the same atom of carbon Thus, 
CH,.C(NH) NBL is called aoetamidme, that is 
to say, an umde derived from acetamide, wlbls 
0 ,H. 0 (NE)NH 2 is called bens amidme, the 
umde of oenzamide Other names lor these 
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Wbes are ethenyl amidine, benzenyl amidine, 
ethenyl imid amide, benzenyl imid amide, aoet 
imid amide, benz imid-amide The advantage 
of the imido amide nomenclature is chiefly seen 
m naming derivatives, thus CH, C(NEt) NH, and 
CHg C(NH) NEtH may be •called acet ethyl 
ixnido amide, and acet imido ethyl amide, re- 
spectively But the advantage so gamed is lost 
in the great lengthening of the names, and both 
bodies will therefore be called ethyl acetamidme 
in this dictionary They might be distinguished 
as tertiary and secondary ethyl acetamidme 
respectively 

Dibasic acids can give nse to a variety of 
amide imides, for which Wallach {A 214, 266) 
pfoposes the following nomenclature — 


^^C(NH) NH amidine 

®<c|nh) nhI 

CO \ 

K<:^C(nh) imidine. 


Formation — 1 Amidines are formed by the 
action of amines on thio amides or nitriles 
Ph CN -f NPh,H = Ph C(NH) NPh^ (Bernthsen, 
A 184, 290, 821) —2 By the action of amines 
on the compounds (X CCl NH or X CCl NY) 
formed by the action of PCI5 on amides (Wal 
lach, B 8, 1575) 

Reactions — 1 H^S forms thio amides 
Ph C(NPh) NPhH + HjS = Ph CS NPhH r H^NPh 
Ph C(NH) NPhH + H^S = Ph CS NPhH + NH, 
Another reaction also takes place 
Ph C(NH) NPhH + H28 = Ph CS NH^ + NPhH^ 
This may be explained by supposing an inter 
mediate compound, Ph C (SH)(NHj) NPhH, to 
be formed by addition of H38 
2 CS^ acts thus 

Ph C(NH) NPhH + CS2 = Ph CS NPhH f HNCS 
Ph C(NH) NPhj + CSj - Ph CS NPh^ + HNCS 
Ph C(NPh) NPhH + CSj- Ph CS NPhH + PhNCS 
8 Action of aceto acetic ether, v p 19 
The reactions of the amidines are further 
described m such articles as FoBMAMinmE, 
Acetamidine, Bebzamidinb, Mandel amidine. 
Phenyl acetamidine, and Phenyl benzamidine 
AKIDO ACETANILIBE v Acetyl phenylene 
PI amine 

AMIBO ACETIC ACIB v Glycocoll 
Acetyl derivative V Acetueio acid 
Benzoyl derivative v Hippurio acid 

AMIBO-ACETO ACETIC ACIB v Aceto 


AOBTIG acid 

AHIBO ACETO EAPHTHALIBE v Aoetyp- 

NAPjffTHYIiENH DI AMINE 

AMIBO ACETOFHEKOKES t e 

C,H4(NB[3 ) go CH, Armdophmyl methyl ketone 
o-Amido-acetophenone (0 249°) 

Formation —1 By reaction of 0 mtro- 
acetophenone (Gevekoht, B 16, 2086 , A 221, 
826) — 2 By action of oono H2SO4 on a solu- 
tion of 0 anudo-phenyl acetylene (Baeyer a 
Bloem, B 15, 2164) — 8 By boilmg 0 amido 
phenyl-propiolio aoid with water (B a B ) 

JFyepaftitton.-^-Amido • phenyl acetylene 
(50 g) IS slowly dropped into oono H^SO, 
(600 eo) diluted with water (200 0 ^) After 


half an hour, the mixture is poured upon loe , 
neutralised with Na^CO, , distilled witn steam , 
and the distillate extracted with ether 50 p 0 
of the theoretical yield is got (Baeyer a Bloem, 
B 17, 964) Pro^txee — Thick volatile oil 
Oxim [148°] (Munchmeyer, J5 20,512) 
Salts — B'l^SO^ needles — B'HClSnCl, 
needles, sol alcohol — B'^SyPtCl, yellow pp 
Reaction —Bj boiling with alcohohc aceto 
phenone and some NaO]^q it is converted into 
flavolm or phenyl methyl qumolme (0 Fischer, 
B 19, 1086) C,H4(NH,) CO Me + Ph CO CH, - 

CMe CH 

iph 

Acetyl derivative CaH4(NHAo) CO CH, 
[77°] Silky needles (from benzoline) Sol 
alcohol, ether, and hot water, si sol cold water 
m Anudo acetophenone [93°] Formed by 
reducing the nitro compound by Sn and HCl 
(Buchka, B 10, 1714 , Hunnius, B 10, 2009 , 
Engler, B 11, 932) Short yellow pyranuds, sol 
alcohol, and ether 

Salt — B'HCl long pointed crystals 
p Amido acetophenone [106°] 

Formation — From the nitro compound (q v ) 
by Sn and HCl (Drewson, A 212, 162) 

Preparation — Andine (2 pts ), ZnCl, (Spts ), 
and ACjO (5 pts ) are boiled together for 6 
hours , the resulting acetyl derivative is saponi- 
fied Yield 66 p 0 of the theoretical (Klmgel, 
B 18,2687) 

Properties — Long fan like crystals (from 
water) V sol alcohol, ether and hot water, 
si sol cold water, benzene, and benzohne 

Salts — B'HCl needles — B'^H^PtCl, slender 
yellow needles — B'2H3S04 needles —B',H4C304 
crystals, v sol alcohol 

Acetyl derivative C„H4(NHAo) CO CH„ 
[167°] Small needles, v sol alcohol, and hot 
water, sL sol cold water 

Ethyl derivative V Ethyl amido aceto 


PHENONE 

Benzyl derivative v Benzyl - amido 

ACETOPHENONE 

AMIBO ACIBS — Amidogen, when attached 
to carbon in an acid, behaves as it does in 
amides (q v ) or as in amines (q v ) according as 
that carbon does or does not belong to carbonyl , 
in the former case the compound is classed as 
an amio acid (q v ), the term ‘ amido acid ’ la 
usually restricted to the latter class of bodies 

Formation — 1 From the halogen denvatives 
of fatty acids, or their ethers, by the action of 
ammoma — 2 From the nitro derivatives of 
(aromatic) acids by reduction — 3 From alde- 
hydes, by action of hydno cyamde and NH, 

X CHO + HCN + NH, = X CH(NH3)ON + H,0 
The nitnle is then converted mto amide by 
oono HCl, and this is sa^mfied by hot dilute 
HCl In this way a amido acids may be pre 
pared , alkylamido acids can be formed by usmg 
alkylammes mstead of ammonia (Tiemann, B 
14, 1982 , Stephan, C C 1886, 470) 

Properties — Neutral bodies which combine 
both with acids and bases Their neutrality 
18 probably due to self saturation, as may be 
represented by a doubled formula 
B.0H.NH, 0 CO 

6oonh,.oh3. 

Beactions*—! Oonverted by mtroue aM 
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Into oxy acids (« p 67, I 6), di A7 o derna 
tives (2 V ) are first formed, and this formation 
may be utilised as a test for amido acids 
(Curtins, B 17, *>59) —2 When heated with 
Urns or baryta, they split off CO^ forming 
amines This separation of CO^ sometimes 
occurs in formation 2 thus C„Ha(NO^)Br(CO H) 
[4 2 1] reduces to m bromo aniline (Scheufelen, 
A 231, 176) , C 6 H 3 (N 0 J^C 0 ,H [4 1 2] reduces to 
m phenylene diamme (Wurster, B 7, 149 , 
Gness, B 7, 1225) , while C«H8(NOJ(CO^H)^ 
[4 1 2] becomes m amido benzoic acid In all 
these cases the CO^ is split off from the position 
yara to NO 2 — 3 AcCl forms acetyl amido acids 
4 Excess of methyl iodide, in presence of KOH, 
converts (fatty) amido acids into ammonium 
iodides 

CH,(NH ) CO,H + 3MeI + 3KOH = 

CH (NMeJ) CO K + 2KI + 3H.p 
(KSrner a Menozzi, G 13, 350) p Amido 
benzoic acid is converted by Mel and KOH into 

the betaine while EtI only forms 

di ethyl amido benzoic acid (Michael a Wing, 
Am 7,195) — 5 Saturated with cupric hydroxide, 
suspended in hot water, they form blue solutions 
from which on cooling the copper salt separates 
This occurs with leucine, glutamic acid, and 
aspartic acid In the case of leucine, a portion 
remains dissolved, forming a blue mother liquor 
In the case of mixtures of amido acids, the 
copper salts are not so readily ppd , for they 
seem to render one another soluble (Schulze a 
Barbieri, J pr [2] 27, 351) — 6 The methods of 
displacing amidogen by halogens in aromatic 
bodies are mentioned under Aminfs 

AMIDO ACEYLIC ACID CjH.NOj le 
CH(NH 2 ) CH CO 2 H, is formed by the action of 
alcoholic ammonia on $ chloracrylic acid at 
100° (Pinner a Bischoff, A 179, 97) H W 
AMIDO ALCOHOLS or Alkamines (q v) arc 
formed by action of bases on chlorhydrins or on 
alkylene oxides, e q 

CHjCl GH 2 OH + NH, = CH2(NH2HC1) CH^ OH, 
and 


CH,. 


yO + NMe, + H^O = CH2(NMegOH) CH^OH 

V OXT ETHYL AMINE, NEURINE, &C 

AMIDO ALIZAEIN v Oxy amido anthba 


QUINONES 

DI AMIDO AMAEIHE v A marine under 
Benzoic aldehyde 

AMIDO-AMTL ALCOHOL v Oxy amyl amine 
AMIDO AMYL BENZENE C„H,,N i e 
C,H,(C.H„)NH, (258°) (C ) , (260°-265°) (H ) 

An Oil Formed by heating amyl amline 
hydrochloride at 820° (Hofmann, B 7, 529), or 
by heating aniline with amyl alcohol and ZnOl, 
at 270° (Calm, B 16, 1643) 

Salts — ^B'»H 2 S 04 silky needles — 
B'^H^PtOl, slender orange yellow needles 

Benzoyl derivative 08H4(04H,,)NHBz 
[0 149°] Pearly plates, sol iJoohoX ether, 

benzene* 

AMIDO-AKISIC ACID v Methyl-OJY zmoo- 

BFNZOIO ACID 

AMIDO- AHISOL v Methyl amido-phbnol. 
AMIDO AKTHBAOEKE v Anthbaminb 
AMIDO AirTHEAUIinrONEB O^H^NO, M w 
S23* Three have been desonbed, but theory 


indicates only two, (a) and m are perhapf 
identical 

o Amido anthraqiunoiie 

CA<Co|6|>^A^^«<2) 

Formation — 1 'By reducing 0 mtro anthra- 
quinone (Roemer, B 15, 1790) 

Properties — Ruby red indescent needles , 
may be sublimed Sol alcohol, ether, benzene 
and HOAc, forming orange liquids v si sol 
water It is a weak base, dissolving in cone 
HCl Converted by nitrous acid mto erythro- 
oxy anthraquinone 

Salt—B'HCl unstable white needles 
Acetyl derivative Cj^H^O^NAoH [202°] 
Orange 1 ed needles, sol alcohol and cold HCiA^ 
(a) Amido anthraquinoae [254°] 

Formation —1 From bromo mtro anthra 
qumone (Claus a Hertel, B 14, 980) 01 fron 
di bromo mtro anthraquinone (Claus a Dieieii 
fellner, B 14, 1314) by sodium amalgam —2 
From (a) mtro anthraquinone and sodium 
amalgam (Bottger a Petersen, A 166, 149) 
Properties — Red needles, may be subhmed 
Sol benzene and chloroform, si sol alcohol 
and ether Differs from the preceding by m 
solubility even in fuming HClAq 
m Amido anthraquinone 

Formation — 1 From anthraquinone m 
sulphomc acid and NHjAq at 200° (Perger, B 
12, 1566 , according to Bouchardat, Bl 33, 264, 
this reaction produces amido oxy anthraquinone) 
2 Prom Its acetyl derivative, which is got by 
oxidising acet>l anthramine by CrO, in glacial 
HOAc (Liebermann, A 212, 61) 

Properties - Red needles Sol aqueous HCl, 
insoluble m alkalis By the action of HNO^ 
and boiling alcohol it is converted into anthra 
qumone 

Acetyl derivative C^J3i^0^kGH. [267°] 
(P ) , [263°] (L ) , colourless needles 
Di amido anthraquinones 

CmH.oN.O^ i e C.^HA (NHJ,. 

(a) Di amido anthraqumone [236°] 
Formation — 1 From (o) di mtro anthraqui- 
none either (a) by ammonic sulphide, {b) by 
aqueous NH, at 200°, nitrogen coming off 
(J Fischer, J pr [2] 19, 209), or (c) by SnCl, 
and NaOHAq (Bottger a Petersen, A 160, 148) 
2 By reduction of tetra bromo di mtro anthra- 
qumone (Claus a Hertel, B 14, 981) 

Properties —Red needles (from ether), with 
greemsh reflex (when sublimed) V si sol 
water, m sol alcohol, ether or acetone, v sol 
benzene The solutions are purple Hardly 
soluble in dilute acids , does not form salts 
Reactions — 1 Nitrous acid passed infb its 
alcoholic solution forms anthraqmnone (B a P ) 
2 Nitrous acid passed into its ethereal solution 
forms a browmsh violet powder, Cj 4 Ht,N 404 , 
which detonates at about 68° (B a P ) — 3 Potash- 
fusion produces ahzarm (Bdttger a Petersen, 
B 4, 778), or some similar body (Liebermatm, 
B 4, 231, 779) 

(3) Di amido-anthraquinone [above 300°] 
Formatum — 1 By boilmg {$) di mtro an- 
thraqumone with SnOl, and NaOHAq (Schmidt, 
/ pr [2] 9, 266) 

Properties — Beddish brown powder , sub- 
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limes in dark red needles SI sol water, v sol 
alcohol, ether, and benzene, forming red solu- 
tions Sol cone acids, but re ppd unaltered by 
water 

(7) Di amido anthraquinone 

Preparation — Alizaiin (^0 grms ) is heated 
for 7 hours at 170° with ammonia solution (200 
o c , S Q 915) Alcohol extracts the greater por 
tion(6 2 grms ) of the insoluble residue (7 3 grms j 
Water is added to the alcohol, and the pp is 
dried in vacuo and washed with ether (H v 
Terger, J pr [2] 18, 135) 

Properties — Indigo blue powder, which ac 
quires a coppery lustre when rubbed When 
HCl IS added to its blue alcoholic solution (at0°), 
tile liquid turns cherry red and deposits brown 
red needles of a hydrochloride, which, however, 
IS so unstable as to be reconverted into the 
^amorphous blue base by merely washing with 
water It does not dye mordanted goods 

Reactions — 1 Boiled with potash it is con 
veited into oxy amido anthraquinone {q v) 
C„H„0,(NH ). + KOH = C, ,H„0,(0K)NH, t NH, 

2 Similar reaction by boiling HCl— 3 Fused 
with potash, or heated with HCl at 250°, forms 
alizarin — 4 By passing N O3 into its alcoholic 
solution until the blue colour is changed to pure 
yellow, it is converted into erythro oxy anthra 
quinone, which is thrown down when water is 
added Yield 95 p c 

(5) Di amido anthraquinone 

(3) NH, NH, (6) 

[above 300°] 

Formation — By reducing the corresponding 
di nitro anthraquinone, [above 300°] (Boemer, 
n 16, 366) 

Properties — Splendid red metallic needles 
(by sublimation) SI sol alcohol, ether, acetone, 
and chloroform, with orange colour , v si sol 
water Very weak base 

Reactions — 1 Boiling potash has no action 
2 Diazotisation followed by boiling with water 
converts it into anthrarufin [v Di oxy anthra 
quinone) 

Di acetyl derivative Ci4H^02(NHAc)2 
Reddish yellow needles, v sol alcohol, and ether 

AMIDO ANTHEAQUINONE 8ITLFH0NIC ACIDS 

C^HjNSOj i e C„H,02(NH2) SO3H 

0 Amido anthraquinone sulphonio acid 

C.H.<cO( 2| >C.H,(NH,)(S0.H) [16 2 4) 
Formed by reducing nitro anthraqumone sul 
phonic acid (Lifschutz, B 17, 899) Silvery 
needles 

(a) Amido anthraquinone sulphonio acid — 
Prepared by reducing (a) nitro anthraquinone 
sulfonic acid tClaus, B 15, 1519) Sol dilute 
acids, and in hot water, si sol cold water, 
alcohol, and ether 

Salts — NaA' l^aq small red needles — 
CaA'2 5aq red needles — BaA'jS^aq slender 
red needles — CuA'^Taq yellowish red needles 

(/8) onudo anthraquinone sulphonio acid — 
Formed by reduemg the lead salt of {$) nitro- 
anthraqumone sulphonic acid with H^S (Claus, 
B 15, 1520) Red powder, v sol water forming 
a red solution, si sol alcohol, msol ether A 
weak acid 

(a) Di amido anthraquinone snl | 
phonic acid 1 


CmHioNaSOjte C,4H^02(NH2)2S0 jH 
Obtained from (a)-di amido anthraqmnone by 
means of H^SO^ containing dissolved SO^ 
(30 pc), ppd by water The solution is a 
splendid red It may be crystallised from 
alcohol Sol glacial HOAc, and in acetic ether 
Insol ether, benzene or benzoline On passing 
nitrous gas into its alcoholic solution anthra 
quinone (a) sulphonio acid is formed Potash 
fusion forms alizarin 

Salt — BaA'2 insoL cold water (v Perger, 
J pr [2] 19, 209) 

AMIDO ABACHIC ACID 

C2oH„N02te C2 oH3,(NH2)02 [59°J 

From nitro arachic acid and SnClj (Tassman, 
B 11, 2031) SI sol ether, m sol alcohol 
Combines with neither acids nor bases 

AMIDO AZO COMPOUNDS v Azo com- 
pounds 

AMIDO BENZALDEHYDE v Amido benzoio 

ALDEHYDE 

AMIDO BENZAMIDE v Amido BENZOIC ACID 
AMIDO BENZ ANILIDE v Amido benzoio 

ACID 

AMIDO BENZENE v Aniline 
Di-amido benzene v Phen\li-ne di amine 
con Tn amido benzene C H^N^t e C^H8(NH2), 
[1 2 3] [103°] (336° cor ) Obtained by dis 

tilling tn amido benzoic acid with pounded glass 
(Salkowsky, A 163, 23) Ciystalline, v sol 
water, alcohol, and ether Its aqueous solution 
18 alkaline and gives with Fe^Cl^ first a violet, 
then a brown pp , hvpochloiites and nitrites 
give brown pps Reduces cold ammoniai al 
AgNOaAq H SO4 containing a httle HMD, 
forms a blue colour 

Salts — B'2HC1 si sol cone hydrio 
chloride B" — H. feO^ 2aq 

i Tn amido benzene C„H3(NH2)8 [1 2 4] 

[below 100°] (c 340°) 

Formation — 1 From (a) di nitro aniline, Sn, 
and HCl (Salkowsky, A 174, 265) — 2 From di 
amido azo benzene p sulphonic acid by Sn and 
HCl (Gness, B 15, 2196) -3 From chrysoidm 
by reduction (Witt, B 10, 658) - 4 From di- 
nitro benzene azo benzene sulphonio acid by 
reduction (Janovsky, M 5, 159) 

Properties — Colourless plates V sol water, 
and alcohol, si sol ether Gives a red (G ) or 
green (J ) colour with Fe^Cl^Aq 

Salts — B'^HjSO^ Needles 01 prisms , si soL 
cold water, v si sol alcohol — B"2HC1 [133°] 
needles (Hmsberg, B 19, 1253) 

8 Tn amido benzene C6H3(NH2)3 [1 3 5] (?) 
The tm double salt, CeH3(NH2)8(HCl)3SnCl2, of 
this base may be got from tn mtro benzene (got 
by nitration of di nitro benzene) by Sn and 
HCl (Hepp, A 215, 348) But after removing 
the tm by HjS, the hydrochlonde of the base 
resmifies, NH^Cl bemg formed, although by 
evaporation m vacuo over H!2S04 a very soluble 
white hydrochlonde may be got It gives no 
colour with FogClg 

Tetra amido-benzene CjHafNHj)! [1 2 4 5] 
Formed by reduction of di mtro m phenylene dia- 
mine with tm and SnCl4 The base is extremely 
oxidisable An aqueous solution of the hydro 
chlonde when treated with FejCl,, gives a pp 
of brown needles of C3Rj(NH,)2(NH)2H30l3 
Salts —B‘''H4Cl4 V soL water, si sol cone 
aqueous HCl — B‘%(HjS04), sparingly solubls 
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large plates — long sparingly soluble 
needles (Nietzki a Hageubaoh, B 20, 834) 

AMIBO BEKZEKE SULPHOKIC ACIDS 
CANSO, t e C,H,(Nfl2) SOgH AniUns suU 
vhomc ac^*' In the brommation of these acids 
Br never takes a position m to NH^ (Limpriohi, 
A 191,252) 

o-Ajnido-bensene snlphonio aoid 
C«H,{NH2)S03H [12] SI at 7 ® 
Formation — 1 From o nitro benzene sul- 
phonic acid pemdsen a Limpricht, A 177, 98) 
2 From m bromo benzene sulphomc acid by 
nitration and reduction (Thomas, A 186, 128) 
Properties — Bull white crystals hke rhom 
bohedra Also, as HA' ^aq, m transparent 
shining prisms with many faces Bromine 
added to a very dilute solution of the barium 
salt produces H2SO4, tri bromo aniline and 
(1, 4, 5) bromo amido benzene sulphomc acid 
Salts (Bahlmann A 186, 308) - KA'^aq 
prisms — AgA' needles — BaA'j (L a B ) — 
BaA's 2aq (T ) — PbA'j |aq S 3 4 at 6® 
m Amido oenzene sulphomc acid 
C,H4(NH,)S03H [13] S 1 2 at 7® , 1 6 at 15® 
From m nitro benzene sulphomc acid by 
reduction (Laurent, C B 31, 538, Schmitt, A 
120, 164 , Berndsen, A 177, 82) Also from 
(1, 2, 4) bromo amido benzene sulphomc acid 
and MAq at 120® (Goslich, A 180, 102) 

Long slender radiating needles Also, with 
l^aq m monochmc pnsms SI sol cold water, 
V sol hot water insol alcohol, and ether 
Aqueous solution turns red in air When heated 
it decomposes without fusion 

Reactions — 1 Bromii e added to an aqueous 
solution produces no tri bromo aniline, but 
(1, 8, 4, 6) di bromo amido benzene sulphomc 
acid, (1, 3, 5, 4, 6) tri bromo amido benzene 
sulphomc acid, and bromanil Chlorine acts 
sinularly (Beckurts, A 181, 211) — 2 Does not 
produce quinone when oxidised (Meyer a Stuber, 
A 165, 168) 

Salts BaA'2 6aq — Pb A', 

.4 tn t e C«H4(NH2) SO2NH2 [142°] From 
w-nitro benzene sulphamide, cone NHjAq, and 
H S (Limpricht a Hybbeneth, A 221 , 204) 
White plates or long needles (from water) 
Hydro chloride ~C3H4(NH,Cl)S02NE[a 
[235°] Needles 

Nitrous acidf passed into a cold mixture of 
the amide with a little HNO^, produces a di azo 
nitrate, C6H4(N2NO,) SOyNH,, benzene sulph- 
amide, and a diazo amido compound 

C,H4(S02NH2) Nj NH 0,H4 SOyNHy , 
the latter, [183°], is insol water, and is split up 
by HOlAq into 0,H4(S0,NH2)C1, N^ and 
NHj CgH^ SOjNH, 

p Amido benzene snlphonio acid 
CaR(NHa)SO,H [1 4] Sulphanihc acid, S 6 
at 6° 

Formation — 1 By heating oxanilide or am 
line with HjS 04 (Herhardt, J Ph [8] 10, 5) — 
2 By heating aniline with fuming H2SO4 at 
190° (Buckton a Hofmann, C J 9, 259 , B 
Bohmitt,. A 120, 129) — 8 From amlme and 
p phenol sulphomc acid (Pratesi, B 4, 970, 
kopp, B 4, 978) —4 By reduemg p-nitro- 
benzene sulphomc acid — 6 By heati:^ amlme 
ethyl-sulphate (Limpncht, A 177, 60) 

PrmaraUon — ^Anihne (98 g ) is slowly poured 
into ]^S 04 (50 g ) dilnW with water The 


solution IS evaporated and the dried sulphate it 
mixed with H^SO^ (50 g ) and sand, and heated 
in a dish, with constant stirnng, until it becomes 
solid Crystallised from water 

Properties —Plates or trimetno pnsms (with 
aq) , monoclinic (with 2 aq) 

Reactions — 1 Bromine water gives in hxomo» 
aniline and (1,3, 2, 5) di bromo amido benzene 
sulphomc acid — 2 Oxidised to quinone by 
K^CrgO, and H SO^Aq (Meyer a A dor, A 159, 7) 
or by MnO^ and H^SO^ (Schrader, B 8, 759) — 
8 KMnO^ converts its potassium salt into the 
azo derivative CgH4(S03K) C^H^ SO3K (Laar, 
J pr [2] 20, 264), the corresponding azoxy- 
compound being also formed (Limpricht, B 18, 
1420)— 4 PCI5 forms C«H,(SO,Cl) NH POCA, 
[158°], which 18 converted by alcohol into 
C,H,(S03Et) NH PO(OEt)2 [102°], and by methyl 
alcohol into C,H,(SO,Me) NH PO(OMe)2 [114®]* 
The former is split up by boiling into alcohol, 
Bulphamlic acid, and hydro di ethylic phosphate 

V also Di bbomo amido benzene sulphonic acid 

Salts — NaA 2aq — KA l|aq triclinio 

prisms — NH,A' l|aq — BaA'2 3 ^ aq — CuA'g 4aq 
— Aniline sulphanilate C„HjN2HA' Gives olf 
all its amlme at 100° 

Acetyl derivative CriH^(NHAc)(S03H) — 
obtained as the sodium salt by boiling sodium 
sulphanilate with acetic anhydride The free 
acid has not been isolated, as it readily splits off 
acetic acid on evaporation of its solution The 
sodium salt (A'Na) forms small colourless prisma 
very soluble m water, but less in alcohol 
(Nietzki a Benckiser, B 17, 707) 

Amido benzene di sulphomc aoids 

I C«H,NS203,ie C«H3(NH2)(S03H)2 [13 4?] 
From m amido benzene sulphomc acid and 
fuming H SO4 at 180® (Drebes, B 9, 552 , 
Zander, A 198, 21) — Bhombic octahedra, v e 
sol water or alcohol 

Salts — (NH4)2 A" aq — KyA" aq - KHA" — 
BaA" l|aq — BaH2A"2 , S 2 9 at 8° — PbA" aq — 

II CeH3(NH2)(SO,H)2 2aq [13 5] From the 
corresponding nitro acid by reduction (Hem 
zelmann, A 188, 167) Four or six sided 
columns, v sol water, and alcohol, insol ether 
Bromine water gives a pp of bromanil 

Salts — (NHj2A"aq — HNH4A"a;aq — 
KgA" 3aq — K^A" 4aq — KHA'" aq —BaA ' 3^aq 
— BaH2A",5aq — PbA"3Aaq — PbH^",6aq — 



III C,H,(NH3)(SO^i)7 [12 4] Dt sulpha 
anilic acid 

Formation — 1 By heating sulphanihc acid 
with fummg H^SO* at 170° for 6 hours (Buck 
ton a Hofmann, A 100, 164) — 2 By heating 
o amido benzene sulphomc acid with fuming 
H2SO4 at 180° (Zander, A 198, 17) ~8 By 
reducing the correspondmg nitro acid (Hemzel 
mann, A 188, 170) 

Properties — Minute (red) clumps (from water) 

V sol alcohol, msoL ether Brormne water 
gives tn-bromo-anilme, bromo-amido benzene 
di sulphomc acid, and di-bromo amido benzene 
sulphomc acid 

Salts. — The acid salts are less soluble in 
water than the neutral ones — (NH JjA" aq small 
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hexagonal prisma — 2aq clumps — 
aq — KHA" aq silky needles — BaA" 3aq 
four sided plates — BaH^" jfSq — CaA" 2aq 
minute white needles — CaH^A", slender 
needles — PbA"2aq — PbH2^"2aq small prisms 

— PbHj A"2 6aq — prisma — AgHA" 

needles or plates 

Di amido benzene sulphonio acids 
CaHgN^SO, Phenylene di amine sulphontc acids 

I C,H,(NH2)2(S03HK1 2 or 6 3] S 1 at 
10® From the corresponding nitro acid (Sachse, 
A 188,148) — Khombic tablets V si sol alcohol, 
insol ether Turns brown m air Metallic 
salts crystallise with difficulty 

• Salts — HA'HCl needles -HA'HClSnCl2 

- HA HBr — HjA'^HaSO, aq — HA'HjSO* ^aq 

II CeH3mH2),HSOa [1 2 4] 

Small colourless needles 

Preparation — 1 By sulphonation of o pheny 
lene diamine — 2 By reduction of (1 2 4) nitro 
amido benzene sulphonic acid 

Salts — A'jBa-fS^HO easily soluble thin 
tables or needles — A'^Ca + 3H^O soluble tables 
or needles (Post and Hardtung, B Id, 39, A 
205, 98) 

III C„H,(NH ) HSO3 [1 3 4] 

Preparation — 1 By sulphonation of m 

phenylene diamine — 2 By reduction of nitro 
amido benzene sulphonic acid [1 6 4] 

Dimorphous monoclinio tables, a h 
13111 36, or triclmio prisms, a h c = 
424 1 928 

Salts — A'gBaGaq long soluble pnsms 
A'jCaSaq soluble prisms or tables (Post a 
Hardtung, B 13, 40 , A 205, 104) 

Bi anudo benzene di sulphonic acid 
C3HgN2S20g aq 1 e C3H2(NH2)2(SOsH)2aq From 
the nitro acid by reduction (Limpricht, B 
8, 290) V sol water 

Salt — Sn A" aq needles 
AMIDO BENZENE PHOSPHONIC ACID 
C^HsNPOj te C3H,(NH2)P0(0H)2 From the 
nitro acid, tin, and HCl Slender needles (from 
water) , v si sol water, v sol HClAq , insol 
alcohol and ether Salts — Na^A" 3aq — PbA" 
CuA" — Ag^A" (Michaelis a Benzinger, A 188, 
282) 

DI- AMIBO-BENZH YDBOL v Di amido di- 
phenyl CARBINOL 

AMIDO BENZOIC ACIDS C,H,NO, %e 
C,H,(NH2)C02H M w 137 The following 
derivatives are described in special articles 
Nitbo amido benzoic acid, Ohloro amido benzoic 

ACID, ChLOBO - METHYL - AMIDO - BENZOIC ACID, 
MeTHJL AMIDO BENZOIC ACID, EtHYL - AMIDO- 
BENZOIC ACID, PhENYL AMIDO BENZOIC ACID 

o Amido benzoic acid C3H^(NH2) CO^H [1 2] 
A nthramhc acid [144°-146°] 

Formation — 1 By reduomg 0 mtro benzoic 
acid (Beilstein a Kuhlberg, A 163, 138) — 2 
By boiling mdigo with KOHAq (Fntzsohe, A 
89, *63) — 8 Prom (1, 2, 8), or (1, 4, 6) bromo- 
amido-benzoio acid by so^nm amalgam (Hdbner 
a. Petermann, A 149, 183) — 4 From its acetyl 
derivative and boihng cone. HCl — 6 From 
isatoic acid (g 0 ) and boiling cone HCL 

Properhes — Plates, or rhombic crystals 
(Haushofer, A 193, 288) May be sublimed. 


V sol water, and alcohol Converted by nitrons 
acid into sahoyho acid , and by sodium amal 
gam into NH, and benzoic acid HCl and EClO, 
form chloranil (Hofmann, A» 52, 65) Its 
anhydr ide IB described as Anthbanil 

Salts— HA'HCl [191°J , needles (Kubel, 
A 102, 236) — HA'HNO, — (HA') H2SO,2aq 
needles [188°] — (HA'j^H^SO^aq — (HA^HjC^O^ 
— BaA'2 V e sol water, si sol alcohol — 
PbA'2 — CuA'2 — AgA' 

Ethyl ether EtA' (260°) Liquid, its 
hydrochloride, EtA'HCl, [170°], forms needles, 
msol ether, and may be sublimed 

Reactions — 1 Nitrous acid produces sjih- 
cylio acid (Gerland, A 86, 143) or diazobenzoio 
acid (v Di A70 compounds) — 2 KCNO converts 
the hydrochloride of 0 amido benzoic acid into 
uramido benzoic acid (g v ) , Potassium suljjho 
cyanide forms, similarly, thio uramido benzoic 
acid {q V ) — 3 Phenyl cyanate {q v ) forma 
NH2 C,H, CO NPh CO NPhH — 4 Cyanogen 
passed into an aqueous solution forms C„H,NgO 
(Oness, B 11, 1986), while m an alcoholic 
solution it forms Cj^HioN^Oj, [173°] (Oness, B 
2, 415) The latter is converted by boiling HCl 
into CyHgN^Oj, [above 350°], which is probably 
xNH CO 

C„H,<(^ I since it can be formed by heating 
\0 NH, 

o amido benzoic acid with urea It forma 
crystalline nitro and amido derivatives 

The compound CjoHioN^Oj ‘ ethoxyl cyan 
amidobenzoyl ’ is converted by alcohoho NH, at 
100° into benzcreatinme {q v ) 

The compound CpHjN^O * di oyano amido 
benzoyl,’ may be represented thus 
/CON 

C,H,< |j (Oness, B 18, 2417) Tins 
\NH C CN 

body gives the following reactions — a Strong 
,CON 

NHjAq converts it mto || 

\nH C CO NH 2. 

* carboxamido cyano amido benzoyl ’ — h Aque 
ous ammonium sulphide forms the corresponding 
.CON 

C^H^^ II — 0 Baryta water forms 

\NH C CS NH,. 

.CON 

C,H^^ II ‘ carboxy oyano amido ben- 

\nH C CO 2H, 

zoyl ’ , which is converted by dry distillation 
.CON 

into C,H,^ II * oarbimido amido benzoyl * 
\nh CH 

— d m amido benzoic acid produces the anhy- 
dnde of di phenyl guamdme dicarboxyho acid, 
.CON 

0,HX I) ~s jp-phenylene- 

\nH.CNHO,H, CO 2H 

diamme produces the anhydnde of amido-di- 
phenyl guamdme carboxylic acid 
.CON 

C-H.^ II All these bodies may 

\nhcnhc:h.jth». 


^NHCNHCA-NH,. 
be looked upon as denvatives of 0,H^ 


XH-N 


which may be called QmnoMolms 

Formyl dertva4me C,H 4 (NHOHO)CO,H Jaq. 
[168°] Formed by heating isakno or o amido- 
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benzoic acid with formic acid (E v Meyer a 
Bellmann J pr [2] 33 24) Hair like needles , 
sol alcohol, si sol benzene 

Acetyl derivative C H^(NHAc)CO^H 
[180°] Formed by boiling anthranil (g v ) with 
AojO and treating the product with water (Fried 
lander a Hennques, B 15, 2105) Also by oxi 
dation of {Py 3) methyl quinoline by KMn04 
(Doebner a Miller, B 15, 3075) 

Preparation — Acetyl o toluidine (1 g ) is 
oxidised by KMn04 (2 g ) dissolved m water 
(200 c c ), the liquid being kept neutral by acetic 
acid (Bedson a King, G J 37, 752) 

Properties — Lustrous leaflets (from water) 
Prisms (from HO Ac) Trimetnc, a b c = 
082 1 2 803 (Fletcher) 

Salts — PbA'a flocculent pp — AgA' needles 
Tests — Solution of sodium salt gives with 
lead acetate a pp sol m acetic acid, with CaCl 
a pp only on adding alcohol 

Di acetyl derivative CgH4(NAc )CO^H 
[220°] — AgA' 

Chloro acetyl derivative 
C«H,(NH CO CH,C1) CO,H From acetyl den 
vative and PClj (Jackson, B 14, 888) Clumps 
Di chloro acetyl derivative 
C,H4(NH CO CHCl,) CO H [c 173°] Prepared 
like the preceding Yellowish needles (fiom 
water) 

Salt — AgA' 

Benzoyl derivative C H4(NHBz) CO H 
[182°] By BzCl , or by acting on berzovl o 
toluidine with KMnO^Aq (Biuckner, A 205, 
130) Long needles (from ak ohol) , insol water 
Salts — NaA' 4aq — MgA'^ 4aq — CaA'j 3aq 
— BaA'j 3aq 

Oxaloxyl derivative v Carboxt phenyl 

OXAMIO ACID 

Amide C«H4(NHJCO NHj Amido henz 
amide [108°] (300°) From NH3 and isatoic 
acid {q V ) White plates (from chloroform) SI 
sol benzene and ether Aqueous solution of 
(1 mol) of its hydrochloride gives with NaNO^ 
needles of C^H^N^O, [213°] This compound 
forms salts, e g CjH^NaNsO, and a methyl ether, 
CjH^MeNjO The methyl ether, [123°], is also 
formed from the methylamide of 0 amido benzoic 
acid The new substance is probably 
yCO NH 

C^H^^ I (Weddige a Finger, J pr [2] 35, 

\n=n 

262) 

Acetyl amido benzamide 
C«H4 (NHAc)CONH 2 [171°] By Ac O Needles 
Forms salts with acids If kept melted for some 
time it becomes solid, changing to the anhydro 
.NH C CH, 

compound, O^H^^ || Oxy methyl gum 

'CO N 

azohne [228°] Yellow silky needles (from alco 
hoi) ^luble in hot water Forms salts with 
acids 

Formyl amido-benzamide 
C,H4(NH CHO)CONHy [123°] From dry formic 
acid and 0 amido benzamide When heated 
this gives HgO and an anhydro compound 
.NHCH 

II Oxy-quinazolvne (A Weddige, 
^CON 

J.pr [2] 31,124) 


AniIi(f0C,H4(NH,)CONHPh [130°] Prom 
aniline and isatoic acid Needles (from benzene) 

Phenyl hydraztde 

C^4(NH2)C0 NPh NH^ [170°] From isatoic 
acid and phenyl hydrazme in alcoholic solution 
at 70° Yellow neeoles, soL alcohol and chloro- 
form, V si sol ether (E v Meyer a Bellmann, 
J pr [2] 33, 21) 

Hydroxylamide C«H4(NHJCO NH OH 
[82°] From isatoic acid (q v ) and hydroxylamine 
solution (M a B ) Yellowish plates, sol 
alcohol, ether, and chloroform 

o Oxy phenyl ether 

C,H4(NH ) CO2 C.H^OH [136°] From isatoic 
acid and pyrocatechm at 130° (M a B) Needles 
(from water) Sol alcohol and ether, si sok 
water 

m Amido benzoic acid Can4(NH^) CO H [1 3J 
[173°-174°] S G 1 51 at 4% S 2 in cold water, 
4 in boiling water or alcohol 

Formation — 1 From m nitro benzoic acid 
by reduction (Zinin, J pr 36, 103 , Gerland, 
A 86, 143 , 91, 185 , Schiff, A 101, 94 , Beil 
stem a Wiibrand, A 128, 205) —2 From nitro 
phthalic acid, 8n, and HCl (Faust, Z [2] 5, 
335) —8 From CeH3Br(NH )CO,H [4 3 1] by 
sodium amalgam (Raveill, A 222, 180) 

Properties — Crystalline clumps , sweet taste , 
may be sublimed Aqueous solutions are browned 
by air 

Reactions —1 HCl and KCIO3 form chloranil 

2 Bromine forms tn bromo amido benzoic 
acid 

3 Nitrous acid forms m di azo benzoic acid 

4 The solution containing m diazo benzoic 
acid gives m oxy benzoic acid on heating 

5 Fusion with urea produces uramido ben 
ZOIC acid (q v ) 

6 Boiling with CS2 and alcohol produces 
thio carbonyl di amido di benzoic acid, 
CS(NH C„H4 C02H)2 (Merz a Weith, B 3, 
812) This body is also formed by heating 
m amido benzoic acid with thio urea , and, 
together with thio oarbimido benzoic acid, by 
heating m amido benzoic acid with CSCl^ 
(Rathke a Schafer, A 169, 101) Thio carbonyl 
di amido di benzoic acid does not melt below 
300°, it IS V si sol water, m sol alcohol or 
ether, converted by HgO, m presence of KOH 
(Griess, A 172, 169), into carbonyl di amido di 
benzoic acid 

7 CSClj produces the last mentioned body 
and also thio carbimido benzoic acid 
SON CeH^ COgH This may also be prepared 
by boihng thio carbonyl di amido - benzoic 
acid with HCl It is an amorphous insolu 
ble powder, v si sol alcohol Decomposes 
above 310° It unites with anihne fo^mg 
di phenyl thio urea carboxylic tTcid, 
PhNH CS NH OeH^ COjH [191°] This body is 
also formed by heatmg phenyl thio caibimide 
with m amido benzoic acid at 100 ’ (Merz a 
Weith, B 8, 244) It forms slender needles 
(from water) V sol alcohol, and ether, si 
sol benzene, and benzoline AgNO, added to 
its alkaline solution gives a black pp of Ag 8 , 
FejCl,,Aq gives a yellow pp , Pb(OAo)2 a white 
pp , and CUSO4 a green pp (Asohan, B 17, 430) 

8 PAosgena produces carbonyl di amido 
di benzoic acidCO(NHCA CO^H), fSarauw, 
B 15, 44) This body is also formed dj heat- 
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bg m>aramido benzoic acid {q t; ) at 200^ 
(Traube, B 15, 2124) White powder, insol 
water, alcohol, and benzene, sol alkalis — 
BaA'daq — Ag^A" — PbA" Its ether Et A", 
[16l°-l()2°], IS formed by Jieating m uramido 
benzoic ether (^Gness, J pr [2] 4, 294) needles 
(from dilute alcohol) 

9 Phenyl cyanate forma on heating, 
phenyl uramido benzoic acid, 

KPhH CO NH CO EL [270°] Concentric 
prisms, sol alcohol, si sol ether, insol water 
(Kuhn, B 17, 2882) 

10 Aqueous KCNO evaporated with m amido 
benzoic acid forms th%o vramtdo benzoic 
acid NHj CS NH C,H, CO,H (Arzruni, B 4,40G) 

^ 11 Phenyl cyanate {q v ) forms di phenyl 

nrea carboxylic acid CO H CgH^ NH CO NPh^ 

12 PClj converts amido benzoic acid into a 
wnite powder which, when extracted with water, 
yields a solution greatly resembling solutions 
of albuminous substances Thus if a little 
lime water, NaCl, oi MgSO^, be added the liquid 
may be coagulated by heat, more especially if 
CO^ be passed through the solution before heat 
18 apphed (Grimaux, C R 98, 231, 1336) 

13 Cyanogen gas passed into an aqueous solu 
tion forms a dicyanide of amido benzoic acid, 
and cyan carbimid amido benzoic acid Cyano 
gen passed into an alcoholic solution forms the 
dicyanide, guanido di benzoic acid, and ethoxy 
carbirnid amido benzoic acid 

The di cyanide (CN)^NHj C„H^ CO H, is 
a yellow, crystalline powder, insol water, v si 
sol alcohol or ether It does not form metallic 
salts (Griess, B 11, 1985 , Griess a Leibius A 
113, 332) On distillation it forms m amido 
be izonitrile (Griess, B 1, 191 , Hofmann, B 
1, 194) Boiling KOHAq or HCl converts it 
into benz creatine {q v ) (Gness, B 3, 703) 

Cyano carbimidamido benzoic acid 
CO^H CaH 4 NH C(NH) CN forms elliptic plates, 
V si sol cold water, sol acids and alkalis It 
reacts as follows — a Nitrous acid converts it 
into cyano carboxamido benzoic acid, 
CO,H C«H 4 NH CO CN (Gness, B 18, 2415), 
which forms white plates, insol cold water, with 
sweetish taste , boiling water converts it mto 
HCN, CO , and carboxy amido benzoic acid , 
dilute NHgAq forms uramido benzoic acid —b 
Cold dilute HCl forms small prisms of car box 
amido carbimidamido benzoic acid 
CO^ C^H* NH C(NH) CO NH^, v sol hot water, 
its aurochlonde, HA'HAuCl^ l^aq, crystallises 
in needles (G ) — c Cold aqueous di methyl- 
amine forms CO^H C^H^ NH C(NH) C(NH) NMe^, 
six sided plates, v sol hot water, si sol cold 
water, converted by hot Na^CO^aq into m- 
oarboxy phenyl oxamide NH, and NMojH 

Ouanido-di benzoic acid 
NH C(NH CO^)^ is also formed from thio 
carbonyl di amido di benzoic acid, HgO, and 
NH, (Griess, A 172, 172) It is crystalline 
Balts -BaA".— H^"HC1 -(H^A"HCl),PtCl 4 

Ethoxy carbimidamido benzoic 
acfd, EtO C(NH) NH C,H 4 COjH l^aq forms 
needles (from water), sol alcohol, and ether, 
con\erted by alkalis into alcohol and uramido- 
benzoic acid , nitrous acid converts it into 

Carbozy-amido-benzoic acid mono 
athyl ether CO^Et NH C^H, 00,H [189°] 
This acid is also formed from amido benzoic 


acid and Cl OOaEt It crystallises in plates 
(from water) Salts — BaA'^2aq — AgA' 
(Gness, B 9, 796, Wachendorff, B 11, 701) 
Ether EtA' [101°] , plates (from water) Amide 
C,,H„NO,NH, [168°] (W ) 

Salts — HA'HCl prisms (Cahours, A Ch, 
[3] 53, 322) — (HA'HCl) ;PtCl 4 -HA'HClSnCl — 
HA'HBr -HA'HNO, — (HA),H,S 04 aq [225^ 
HA'HsP 04 (Harbordt, a 123, 290) — BaA', 4aq 
— CaA'a 3aq — CuA'a — PbA'j Needles - - 
MgA'a 7aq - AgA'— NaA' (at 100°) (Voit, A 99, 
100) — SrA'^ 2aq — ZnA'j (when dried at 100°) 
Methyl ether — MoA' Oil (Chancel, C 
30, 751) 

Ethyl ether — EtA' (294°) Liquid, sol 
water , from m nitro benzoic ether Salts 
EtA HCl [185°] (Muller, B 19, 1493) — 
(EtA'HCl)^PtCl 4 — EtA'HNO, prisms 

Acetyl derivative C^H 4 (NHAc) CO H 
[245°] Formation — 1 By AcCl or by HOAo 

at 140° (G C Foster, C J 13, 235) —2 From 
amido benzoic acid (10 g ) and acetic ether (25 
c c ) at 150° (Pelhzzaii, A 232 148) — 3 From 
amido benzoic acid and acetamide (P ), or Ac^O 
(Kaiser, B 18, 2946) Properties —White powder, 
V sol hot alcohol, si sol hot water, v si sol 
cold water and ether Dissolves in Na^HP 04 Aq, 
but re ppd by HOAo May be sublimed Salts 
• — BaA'^ 3aq needles — CaA'j 3aq — NaA (at 120°) 
Formyl derivative 

C„H,(NH CHO) CO,H [225°] (Pellizzan, G 15, 
555) 

Heptoyl derivative 
C,H,(NH C,H,30) C0,H [202°] (P ) 

Olvcollyl derivative 
C«H 4 (NH CO CHPH) C0,H [212°] Gives at 

220° the anhydride < CO,H, [24B°j 

Acetyl derivative [198°] 

Lactyl derivative 

CH, CH(OH) CO NH C„H 4 CO,H [162°] Its 
anhydride melts at [243°] (P ) 

Benzoyl derivative C«H 4 (NHBz)CO II 
[248°] 1 From amido benzoic acid and benz 

amide at 180° for 2 hours — 2 By boiling amido 
benzoic acid (2 g ) with benzoic ether (4 c c ) for 
6 hours (Pellizzan, 2 I 232, 150) — 3 From amido 
benzoic acid and benzanilide at 230° (P ) Mi 
nute prisms (from alcohol) Soluble with ease 
in alcohol, less so m ether or water Its Ca 
and Ba salts are soluble Kesolved by hot KOH 
into benzoic and amido benzoic acids Anilide 
— C.H,(NHBz)CONPhH [225°] By heating 

C^H,(NBzH)CO H with aniline for some hours 
Oxaloxyl derivative v Carboxy phknyi*- 

OXAMIC ACID 

Succinyl derivative OnH,N 04 or 
CH2C=NC,H4 COjH. 

1 \ (?) [235°] Formed by 

CH 2 CO 0 

melting succmoxyl amido benzoic acid, or by 
fusing succinic and amido benzoic acids together 
(Muretow, J R 295 , Pellizzan, B 18, 215) 
Needles (from alcohol) 81 soL cold water 
Salts — ^BaA '2 2aq — AgA' 

Succmoxyl derivative C,,H,,NOg 
CO,H CHj CH, CO NH C,H 4 CO,H [230°] From 
the precedmg by boilmg with water, baryta or 
ammoma (M ) Plates , m sol water 
BaA ' l^aq 

Succinyl d% amido-d% bentoto acid 
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C„H, AO. CA(CO NH CA COAr (?) 

[o 300®] Formed together with 
CO^tCHjCH^CONHCACOjH by heating 
alcoholic Bnccinio ether with amido benzoic acid 
(M , P ) Also from sucoinyl amido benzoic 
acid, alcohol, and HCl (M ) White crystalline 
powder Soluble in KOHAq Salts CaA"7aq 
S 2 — BaA"6aq needles 

Phthalyl derivative OuH^NO^ %e 
C„H, 0 A N C A COjH [282°] Formed to 

gether with its ether by heating amido benzoic 
acid with phthalic ether (Pelhzzari, B 18, 216) 
Ethyl ether A'Et [152°] radiating needles 
Sehacyl derivative 
C,H,e(CO NH CeH, CO H)^ [275°] Formed 

together with CO^Et CgH,g CO NH C^H^ CO A by 
heating sebacic ether with amido benzoic acid m 
alcoholic solution (P ) White powder, si sol m 
most menstrua 

Amide CA(NA) CO NHjaq Amido henz 
amide [75°] , when dry [above 100°] From 
m lutrobenzamide by ammonium sulphide (H 
Schiff, A 218, 185 , Chancel, A 72, 274) 

Properties — Large, yellow crystals Unites 
with acids forming compounds — C^H^iN^OHCl 
needles — C,H«N,OHNO, — (C,H«N20HCl),PtCl* 
— C^HgN^AgNOg needles 

Beactions — 1 Aqueous solutions (even when 
very dilute) give with fatty aldehydes crystalline 
pps of the form E CH(NH CA CO NH ), 
These are soluble m alcohol, but give with 
HNO, containing CrO, a violet colour They 
differ from original amido benzamides in being 
no longer basic and in giving no coloured com 
pounds with furfurol solution — 2 Aqueous 
salicylic aldehyde gives yellowish needles of 
C A(CH) CH N can A [186°] V e sol 

alcohol or warm water This compound, o oxy 
benzylidene amido benzamide, boiled with ben 
zoic aldehyde forms a product Cj^AsN^Oj, in 
soluble in water, alcohol, ether, toluene, chloro 
form or CSj, but may be cr^ staliised from phenol 
(2 vols ) and alcohol H vol ) It may be con- 
sidered to be an anhyaride of 

CA CH(NH CO C,H, N CH CA OH)^ 
Boiled with ACjO it takes up 1 molecule of AcjO 
formmg small needles Dilute aqueous NH, 
reproduces the compound C^Hg^N^O, — 3 
Helicin (2 pts ), m amido benzamide (1 pt ), and 
water (10 pts ) form yellowish plates of a gluco 
Bide of o oxy benzylidene amido benzamide 
[13 3°] NA CO C«H. N CH CA 0 CA„0, 2aq 
4 Boiled with an alcoholic solution of isatin 
it forms a crystalline powder [c 280°] of isat- 
amido benzamide 

N c;a, CO NH^ The oompoands 

NHj CO C A N X denved from aldehydes and 
amido benzamide are decomposed by heatmg 
with aniline into amido benzamide and PhN X 
(Schiff, G 18, 113 , A 218, 186) 

Phthalyl -amido -benzamide 
NHyCOCANCCA 

6 CO Got by 

fusing fn-amido>benzamide with phthalic anhy- 
dnde Bundles of slender needles (from alcohol) 
y id sol water Heated with aniline gives 
phenyl-phthalinude and amido benzamide (H 
Boiuff. A 218,194) 


m Amido benzamtdoxim 
CA(NA) C(NH.) NOH A crystallme solid , 
formed by reduction of m nitro benz amidoxiin 
with SnC4 Salt — B'HCl, prisms (Schdpff, 
B 18, 2472) , 

Anilide NH2CACC>NPhH Amido 
benzanilide [129°] (P ) , [114°] (E a V ) 
Formed by heating m amido benzoic acid with 
aniline (Piutti, B 16, 1321) or by reducing m 
mtro benzanilide (Engler a Volkhausen, B 8, 
85) — Silvery scales (P ) or long needles (from 
water, E a V ) Heated with aniline at 200° 
it forms two isomerides, (CAsNO)^, one soluble 
in alcohol, [226 '], called ‘ amido benzoide,’ and 
the other an insoluble powder (Piutti, (7 14, 339) 
Salts C.gH.gN.OHCL— (C^gHjgN^O) ASO, * 

p Amido benzoic acid C„H4(NH2)COA 
[186°~187°] Amido dracylic acid 

Formation — 1 By reducing p mtro benzoic 
acid (G Fischer, A 127, 142 , Wilbrand a 
Beilstein, A 128, 264) — 2 By boiling its 
succmoxyl derivative with HCl (Michael, B 10, 
576) 

Preparation — 60 pts of acetyl p toluidine is 
suspended in about 2000 pts of boiling water 
and oxidised by slowly adding 200 pts of finely 
powdered KMnO, The solution is filtered from 
MnO^, the acetamido benzoic acid ppd by HCl, 
and saponified by boiling for an hour with strong 
HCl (Kaiser, B 18, 2942) 

Pioperties — Long white needles, not coloured 
by moist air When heated with urea it foima 
CO(NH C.A CO H), (Griess, J pr [2] 5, 370) 
Salts — BaAj shining laminse, sol water 
— A'PbOAc, ppd by Pb(OAc)^Aq (Ladenburg, 
B 6, 130) — (HA') A2SO4 — The copper salt 
IS a dark green pp (Geitner a Beilstein, A 
139, 1) 

Acetyl derivative CeH^(NHAc) CO H 
[250^] Formed from acetyl p toluidine by 
KMnO^ (Hofmann, B 9, 1302) Needles, si 
sol water Salt AgA' 

Benzoyl derivative CA4(NHBz)COA 
[278°] From benzoyl p toluidine, CrO„ and 
HOAc (Bruckner, A 206, 127) — Small needles 
(from alcohol) Salts — BaA', — CaA', 
Succmoxyl derivative 
COA CHg CA CO NH CA4 COA [226°] From 
p tolyl succimmide and dilute KMnO< (Michael, 
B 8, 577) Yellowish needles, si sol cold 
water Salt — CjAtoNOjAg 

Awtffe CA4(NA)C0NH2 [179°] Formed 
by reducing p mtro benzamide (Beilstein a 
Beichenbach, A 132, 144) Yellow crystals, si 
sol water 

Di-amido benzoic acids CAN^O, (Gness, 
A 164, 325 , B 2, 47, 434 , 6, 192 , 7, 1227 , 
17, 603 , Pr 20, 168 , Wurster a Ambuhl, B 
7, 213 , V Meyer a Wurster, B 6, 6^6 , A 
171, 62) These acids can be formed by 
reducing the corresponding di mtro , or mtro 
amido , benzoic acids They are soluble in water, 
combme both with acids and bases, and split 
up, when distilled with baryta, into CO, and 
phenylene diamine • 

Nitrous acid converts the (o) acid into amido- 

di-azo-benzoio acid, CAa(N » the 
(fi) and (y) acids tare converted by it into 
azimido-benzoK) acids, HN, OAt COA> while 
the symmetrical acid becomes in amido azo ben* 
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Boic acid C,H,(NH,)(CO^) N, CA(NBy,CO^ 

V Azo compoands 

s dt-amxdo henzo%c)acid 
C,H,(CO,H)(NH,) aq [1 3 6jJ r228°] S 1 1 at 8° 
(Volt, A 99, 106 , Hubner, 222, 86) Colour 
less needles, neutral to litmus , loses aq at 110° 
Very dilute solutions are turned yellow by HNO* 
Salts— HA'2HC1 needles - HA'H,SO, — 
S 1 05 at 11° — BaA'j l^aq — AgA' 2aq 

Amide CaH,(CONH2)(NH2)2 di amvdo benz 
amide [177°] (V), [183°] (M ) Needles 
(Muretow, Z [2] 6, 642) Salt — 

C7HeN802HCl silky needles Di acetyl denva 
live C«Hs(CONAo2)(NH2)a 2aq [Above 270°] 
Thm needles, si sol cold water (M ) 

(a) di amido benzoic acid 
CaH3(C02H)(NH2)2 [1 2 6] Formed also from 

nitro isatoic acid by Sn and HCl (Kolbe, J pr 
[2] 30, 480) Very small prisms (from water) 

V si sol alcohol, ether, and boiling water (G ) 
The free acid turns blue m air 

Salts — HAHSO4 needles, v bL sol 
water — HA'2HC1 (K ) 

(/3) di amido benzoic acid 
C H,(C0,H)(NH2)2 [1 3 4] [211°] (Salkowski, 

A 173, 67 , Griess, B 6, 866) Plates SI sol 
cold water 

Salts —HA'H2S04 plates, v si sol hot 
water — HA'HCl l^aq 

(y) di amido benzoic acid 
C,H3(C0,H)(NH2). [1 2 3] Long needles 

Salt — (HA^H^SO^ l^aq six sided tables or 
columns, V si sol water, Fe^Clg colours its solu 
tion brownish red 

Tri amido benzoic acids C^HgNgOj 

I C,H2(C0 H)(NH2)3^aq [1 3 4 5] From di 
nitro amido benzoic (or chrysanisic) acid 
(Salkowski, A 163, 12) 

Needles (from water) SI sol cold water, 

V si so alcohol, and ether , solution is acid 
Heat splits it up into CO2 and tri amido benzene 
Its solutions give a brown pp with FCjClg 

Salts — HA'2HC1 silver grey needles — 
HA'(HCl)2SnCl2 32aq monoclmic - HA'H2S04aq 
si sol hot water — HA'2HNO, — CaA'* — 
ZnA'2 6aq 

II C,H2(C02H)(NH2)8 [1 2 3 5] Formed by 
reduction of p sulpho benzene azo 5 di amido 
benzoic acid (Gness, B 15, 2200) 

Colourless crystals , v sol hot water , si 
Bol alcohol, insol ether Very readily oxidised 
Salt — HA'H^SOj, small white needles, v 
si sol water, msol alcohol 

References — Chloro , Bromo , lono , Nitro , 
and Methil , amido benzoic acids and amido 

BCDPHfl BENZOIC ACID 

AMIDO BEMZOIC ALDEHYDES C,H,NO 
0 Amido benzoic aldehyde CgH4(NH2) CHO 
[1 2] [40°] Formed by oxidismg its oxim 

with Fe2Cl« (Gabriel, B 16, 20041 

Preparation — o mtro benzaldehyde (8 g ) is 
digested with FeSO. (60 g ) and NH, at 100° 
(Fnddlander a Gdhnng, B 17, 466) 

Properties — Silvery plates , volatile with 
steam , may be distilled V sol alcohol, ether 
and benzene, si sol water, msol hght petro 
leum 

Salt — B'jH^Cl, large yellow pnsms (from 
HClAq) 


Reactions — Very stable towards alkahs, but 
condensed by acids to C,,H,2N O, which is 
probably 0,H4(NH2) CH N CHO , this forms 
small colourless needles [189°], is not volatile 
with steam, and possesses only weak basic pro- 
perties, NHjAq, cone HClAq, and hot dilute 
HClAq reconvert it into amido benzaldehyde 
Acetyl derivative C«H,(NHAc) CHO 
[71°] White needles (Friedlander, B 15, 2672) 
Oajtm C«H,(NH2)CH NOH [133°] Formed 
by reducing 0 nitro benzaldoxun (Gabriel, B 
14, 2338, 15, 3057, 16 617) Needles, may 
be sublimed Sol alcohol and ether, si sol 
water and benzene Its methyl derivative 
C«H4(NH2)CH NOMe melts at [68°] (R Meyer, 
C G 1885,516) Its acetyl methyl denva 
tive C,H4 (NHAc)CH NOMe [109°], and its di- 
acetyl derivative C8H4 (NHAc)CH NOAo 
[128°] are crystalline, msol acids and alkalis 
m Amido benzoic aldehyde 
Oxim C«H4(NH2) CH NOH [88°] Formed 
by reducing m nitro benzaldoxun with FeSO. 
and NH, (Gabriel, B 16, 1997) White felted 
needles bol alcohol, ether, and hot benzene, 
si sol cold benzene, and benzoline Dissolves 
in acids and alkahs Salt B'jH^PtCl,, orange 
yellow tables 

p Amido benzoic aldehyde CgH4(NH2) CHO 
[1 4] [71°] Formed by action of acids on 

its oxim Flat plates, sol water With acids 
it forms red salts 

Acetyl derivative C„H4(NHAo) CHO 
[155°] Long white needles 

Oxim — C,H4(NH2) CH NOH [124°] 
Formed by reducing the oxim of p nitro benzoic 
aldehyde by ammonium sulphide (Gabriel a 
Herzberg, B 16, 2000) Flat yellow crystals, 
sol water, alcohol, ether, acids, and alkalis Its 
acid solution is resolved, even in the cold, into 
hydroxylamine and p amido benzoic aldehyde 
Acetyl derivative C,H4(NHAc) CH NOH 
[206°] White plates 

AMIDO BENZONITRUES C^H^Nj. 
o Amido benzomtrile NH, C^H4 ON [1 2 ] 
ri03°] By reduction of o nitro benzonitnle 
(Baerthiein, B 10, 1714) Needles , v sol water, 
alcohol, and ether 

m Amido benzomtrile NH^ C,H4 CN [ 1 8 ]. 

[62°], (290°) 

Formation — 1 By reducing m nitro benzo 
nitrile (Hofmann, Z [2] 4, 726, Fncke, B 
7, 1321) —2 By distilling the dicyanide of 
m amido benzoic acid {v p 167 , 1 32) (Gness, B 
1, 191) — 3 By heating m uramido-benzoic acid 
(g t? ) with P2O5 (Gness, B 8, 861) 

Properties — Needles or prisms, si sol water, 
▼, e sol alcohol 

Salts — B'HCl — B'jH^tCl, four sided 
tables — B'AgNO, white lammse 

p Amido benzonitnle NH3lC,H4 CN [1 4 ] 
[110°] (F ) , [74°] (E ) Formed by reduemg 
p mtro benzonitnle (Engler, A 149, 302), or by 
distilling p-uramido benzoic acid (F ) —Needles, 
V sol alcohol, ether, and boiling water — 
B'HCl —B'jH^PtCl, needles 

AMIDO BENZ0PHE50HES C„H„NO 
Amido-di phervyl-ketones 

o Amido benzophenone Bz NH, [1 2] 
(106°] Formed by reducing o-mtro benzo- 
phenone with Sn and HCl (Qeigy a. Koemgs, B, 
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18, 2403 ) Yellow plates, or thick crystals, ▼ 
«ol dilute acids, alcohol, and ether 

m Amido benzophenone Bz NH, [1 3] 
[89°] From m mtro benzophenone and SnClj 
(G a K ) — Yellow felted needles, sol alcohol, 
and ether, si sol water — B'HCl [187°] , long 
needles 

p Amido benzophenone Bz CjH, NHj [1 4] 
[124°] Benzo aniline Prepared by boihng its 
phthalyl derivative with alcoholic KOH (Doebner, 
B 13, 1011, Doebner a Weiss, B 14, 1836) 
Colourless plates, v sol alcohol, ether, and 
glacial HOAc, si sol cold water Nitrous acid 
converts it intop oxy benzophenone On fusion 
with Zn0l2 it loses H2O forming a compound of 
the formula 0,gHjN The latter is a very stable 
indifferent substance, crystallising in glistening 
plates [118°], and distils undecomposed at a high 
temperature , it is soluble in alcohol, ether, &c , 
sparingly in hot water, insoluble in cold 

Salts — long sparingly soluble 
needles — B'HCl, B'^H C^O^, and B'HNOg are 
more soluble — (B'HCl)2PtCl4 yellow needles , 
sl sol cold water 

Acetyl derivative CO CgH^ NHAc 
ri63°] Long needles Sol alcohol, ether, 
acetic acid and benzene , insol water 

Benzoyl derivative C^Hg CO C^H^ NHBz 
[162°] Plates, sol hot alcohol, si sol cold 
alcohol, insol water 

Phthalyl derivative C2,H,jNO, ic 
C^H, CO CgH^ N(C,02C6H,) [183 ] Prepared 

by the action of BzCl on phthalaml in presence 
of ZnClj Large needles or plates, insol water, 
el sol alcohol or ether 

(a) Di amido benzophenone C,3H80(NH2)2 
[172°] Prepared by reducing (a) di nitro benzo 
phenone, [190°] itself got from di nitro di phenyl 
methane [183°] (Staedel a Sauer, B 11, 1747, 
A 218, 344) White needles 

B"2HC1 large tables — B"2HClSnCl^ — 
B'H2S04 

{)8) Di amido benzophenone CigHjjNoO [165°] 
Flavine — From di nitro benzophenone [149°] 
by reduction (Chancel a Laurent, A 72, 281 , 
Prsetorius, B 11, 744) — Slender yellow needles 
(from water) 

Salts B"H2Sn2Cla , plates — B"H2PtCl8 
Acetyl derivative CjgHgO(NHAc)2 
needles, [227°] 

Oxim (CgH^ NH2)2C NOH [178°] , crystal 
line 

Phenyl hydrazide (C^H^ NH2)2C N^HPh 
[183°] , yellowish needles (from hot alcohol) 
(Munchmeyer, B 20, 511) 

(7) Di-amido benzophenone, C„HgO(NH,)2 
[131°] From the di nitro-benzophenone [190°] 
obtamed from benzophenone (Staedel, A 218, 
849) — Ghttenng tablets 
Salt— B"2HC1 

Acetyl derivative — C„HgO(NAcH)2 
[167°] Tables , insol water , v sol alcohol 

AMIDO BENZOYL CABBAMIDE v Urea 
AMIDO BENZOYL FOEMIC ACID v Amido 

rH£im>GLYoxYnic Acm 

AMIDO-BENZOYL.OLYOZYLIC ACID v 

Quinisatic acid 

AMIDO BENZOYL DBEA t; Ursa 
DI-AMIDO-DI.BENZYL i e. 

NH:,CACH2.CH,CgH4NH,. [ 132 °] Prom 
iho (p) nitro compound (£ p.) by reduction, — 


Colourless scales (from hot water), ▼ rf sol cold 
water, v sol alcohol , may be sublimed 
Salts B"2HC1 — B"H2PtClg — B 
-B'HAO^— B'dljCjOJjSaq (Fittig a Stell 
ing, A 137, 262) I 

AMIDO BENZYL ALCOHOL C^H^NO le 
NH CgH, CH OH [1 2] [82°] Prepared by the 
action of zinc dust and HCl upon 0 nitro benzyl 
alcohol, 0 nitro benzoic aldehyde, or anthraml 
(Friedlander a Henriques, B 15, 2109) White 
needles, insol light petroleum , shghtly volatile 
with steam 

AMIDO BENZYL AMINE C^HjoN, i e 
NH C„H4 CH NH2 [1 4] (269°) S G 1 08 

Benzylene diamine From acetyl p nitro benzyl 
amine, Sn, and HCl the Ac being split off fn 
the operation (Amsel a Hofmann, B 19, 1287) — 
Colourless liquid, v sol water and alcohol, insol, 
ether , alkaline, absorbing CO2 from the air 
Salts B"2HC1 needles, v sol water — 
B" (HCl)^PtCl4 flat needles The nitrate and 
oxalate ciystallise in long white needles AgNO, 
forms a double salt in large plates 

Di amido di benzyl amine Cj^H^Ng i e 
(NH2 CgH, CH ) NH [106°] From the mtro 
compound (Strakosch, B 6, 1060) Needles or 
plates , may be distilled, but not volatile with 
steam Salts — B'"3HC1 — B'"(HCl)3PtCl4 
Tn amido tn benzyl amine C2,H24N4 i e 
(NH C,H,CH)3N [1S6°] From the mtro 
compound (S ) — Octahedra (from alcohol) , not 
volatile with steam Insol water, v sol hot 
alcohol Beduced by Sn and HCl to p toluidine 
and the preceding body 

AMIDO BENZYL ANILINE C.gH.^Ng 1 e 
NH CgH^ CH2 NPhH [88°] From the mtro 
compound by NH, and H^S at 100° (Strakosch, 
B 6, 1063) — Scales, v sol alcohol, ether, and 
benzene, not volatile with steam Salt — 
B"2HCI , V sol water, less so m HClAq 

AMIDO BENZYL BENZENE v Amido di- 

PHENVL MFTHANE 

AMIDO BENZYL CYANIDE V NITRILE OP 
Amido phenyl acetic acid 

DI - p - AMIDO - DI - BENZYL - MALONIC - 

ETHYL - ETHEB (C„H4(NH2) CH^ C(C 02 Et) 
Obtained by reduction of di mtro di benzyl- 
malonic ether with SnClg 

Salts — (A"Et2)H2Cl2 [230°], easily soluble 
needles — (A"Et )H2S04 scales — (A"Et2)H2C204 
glistening yellow scales — (A"Et2)H2Cl2PtCl4 
reddish brown plates (Lellmann a Schleich, 
B 20,436) 

AMIDO BENZYL PHENOL C,gH,gNO i e 
C,H, CH2 C8H3(NH2)(0H) [1 3 4] From the 

mtro compound Scales (Eenme, C J 41, 221) 
DI AMIDO BENZYL TOLUENE C,4Hj^N2 A 
crystalline powder, obtained by reducing di 
mtro p benzyl toluene (q v ) (Zincke, B 5, 684) 
Salts -B"2HC1 — B"H2804 
AMIDO BBOMO COMPOUNDS t; Bromo- 

AMIDO COMPOUNDS 

AMIDO BB UCI NE v Brucine 

AMIDO BUTYL-BENZENE v Amido paEnyl- 

BUTANE 

AMIDO - BUTYBIC ACIDS C.H3NO2. 
a Amido-n-butyric acid CH, CB[2 CH(NH2) CO^H 
S 8 at 16° , S (alcohol) 18 at 80° From 
a-bromo butyric acid and NH,Aq (B Schneider 
A Suppl 2, 71) -Stellate groups of small 
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Umina or needles (from alcohol) , neutral , 
•weet taste , msol ether 

Balts— HA'HCl.v sol water —HA'HNO, , 
fern like groups of silky needlek — (HAOASO* — 
HOPb A' -AgA' \ 

$ Amido n butyric acid 

CH, CH(NH ) CHj CO,H 
Amide CH, CH(NHJ CH^CO NH^ An amor- 
phous mass, obtained by the action of alcoholic 
NH, on i8 chloro n butyric ether (Balbiano, 
(3*10,1^7, B 13, 812) Its platino chloride 
crystallises in orange tables, si sol alcohol 
a Amido iso butyric acid CMe^(NH2) CO H 
Formation — From acetonyl urea and fuming 
HCl at 160® (Urech, A 164, 268) —2 From di 
afetonamine (Hemtz, A 192, 343 , 198, 46) 
Preparation — The acetone cyanhydrm, ob 
tamed by the action of dilute HCN on acetone, is 
heated with alcoholic NH, at GO®, and the pro 
duct saponified (Tiemann a Friedlander, R 14, 
1971) 

Properties — Plates or tables, v sol water, si 
sol alcohol, insol ether , sublimes at about 220° 
Salts — BaA'a 2aq needles — MgA'j thick 
prisms — CuA'a plates, giving a violet solution 
— AgA' nee^es, sol water — HA'HCl 2aq — 

HA'HCl 

Nitrile — CMe^NH^ CN The product of 
the action of alcoholic NHj on acetone cyan 
hydrin {vid sup ) 

AMIDO CAMPHOR v Camphor 

AMIDO CAMPHORIC ACID t; Camphoric acid 

AMIDO CAPROIC ACID v Leocine, and 

/ MIDO HEXOIC ACID 

AMIDO CAPRYL BENZENE t; Amido 

PHENIL OCTANE 

AMIDO CAPRYLTC ACIDu Amido octoicacid 
AMIDO CARBOSTYRIL C„H«N 0 t e 

^^>CO [127°] Anhydride of 

hrjdrazido cinnamic acid , Oxy amido quinoline, 
Amido pseudo carbostyril Prepared by convert 
mg diazo cinnamic acid by Na SO3 into 
BO,Na N C,H, CH CH CO,H, then reducing this 
substance by acetic acid and zinc dust to 
SO,Na NH NH C,H, CH CH CO H, boiling this 
with HCl and then adding KOH (Fischer a. 
Kuzel, ^ 221,278) 

Properties — Slender needles , may be sub 
limed , sol alcohol, ether, and hot water It j 
forms salts with acids 

Reactions —1 Does not reduce alkaline 
copper or silver solutions — 2 Nitrous acid con 
verts it, even in the cold, into carbostyril 

7 Amido carbostyril From carbostyril by 
nitration and reduction (Friedlander a Lazarus, 
A 229 246) Yellow plates (from glacial HOAc) 
Does not melt below 320° 

Methyl derivative CBHjN(NH3)(OMe) 
[103®], amido (Py 3) methoxy -quinoline Formed 
from the nitro compound by SnClj (Feer a. 
Koenigs, B 18, 2397) — Silvery plates , v sol 
alcohol and ether , m sol warm water Its 
etherW solution has a bluish fluorescence 
KMnO^ oxidises it to methoxy quinohnic acid 
[140®] Dilute HCl at 120® forms (7) amido 
oarbostyril , 

See also Oxt amido quinolinb 
AMIDO-CHEOHATS OF FOTASSIDM v 
Amido -chromatee under OHBOMinif, loxDf ov 
Von. 1. 


AMIDO-CHRYSANISIO ACID o. Krrao-nt^ 

AMIDO BENZOIC ACID 

AMIDO-CINNAMIC ACIDS 
a Amido-oiunamic acid 

C,Hi CH C(NH J CO3H Obtained by saponifying 
its benzoyl derivative — Silvery plates, deoom 
posing at 240°-260° (PlOchl, B 17, 1619) 

Salts — CuA'22aq small blue prisms — 
(HA') HCl flat needles, si sol cold water and 
alcohol 

Benzoyl derivative 

C«H, CH C(NHBz) CO H [131®] Formed by heat- 
ing an acetic acid solution of benzoyl di amido 
, , C.H4 CH CH(NHBz) 

hydrocmnamic lactam 

Needles or prisms , sol alcohol, ether, and hot 
water 

o Amido cmnamio acid 
NH C,H, CH CH CO H [1 2] [169®] 

Preparation —From 0 nitro cinnamic acid 
(150 g ), crystallised baryta (2100 g ), water (80 
I litres), and ferrous sulphate (1400 g ), by heating 
two hours at 100° (lischer a Kuzel, A 221, 
2G6 , Tiemann a Opeimann, B 13, 2061) 
Ammonia may be used in place of baryta 
(Gabriel, B 16, 2294, Friedlander, A 229,241) 
Properties — Yellow needles , sol alcohol, 
ether, and hot water, si sol cold water Dis- 
solves in aqueous alkalis and acids 

Salts —HA'HCl , prisms —BaA'2 , pnsms. 
Ether — EtA' [78°] May be distilled Yel 
low needles, with yellowish green fluorescence 
Its hydrochloride is sparingly soluble in excess 
of cone HCl, Its acetyl derivative, [137®], 
forms white needles, which may be distilled 
(Friedlander a Weinberg, B 16, 1422) 

Ethyl derivative 

C„H,(NHEt) CH CH CO H From the acid (60g ), 
KOH (96 c c of 20 p c solution), alcohol (240 g ), 
and EtI (OOg ), by boiling (F a K ) 

Reactions — 1 Long boiling with HClAq 
forms carbostyril — 2 ZnSO^Aq gives a crystal 
line pp — 3 AgNOsAq gives a white pp — 4 
CuS04Aq gives a light green pp — 6 Pb(OAc)2Aq 
gives a yellow pp 

m Amido cinnamic acid 

C,H,(NH2) CH CH COjH [1 8] [181®] The 

preparation is sinular to that of the 0 compound 
Properties — Long yellow needles , sol alco 
hoi, ethet, and hot water Dissolves in aqueous 
acids and alkalis 

Reactions — 1 CuSO^Aq gives a dull green 
pp — 2, 8, same as above —4 Pb(OAc)2Aq gives 
a white pp sol hot water (T a. 0 ) 

Balts —HA'HCl plates — (HA'HCl) aPtCl^. 
— HA'HNOj slender needles — BaA'jiaq plates 
p Amido cinnamic acid 

C«H,(NH2) CH CH CO^HLl 4] [176°J Prepared 
by reduemg p nitro cmnamic ether m alcohoha 
solution with tin and HCl , yield 76 p 0. 
(Miller a Kinkelm, B 18, 3234) Slender yel- 
low needles, sol water, alcohol, and ether Dis 
solves in aqueous alkalis and acids 

Reactions —1 CuSO^Aq a brown pp — 2, 8, 
and 4, the same as for the m compound 
Salts —HA'HCl — (HA'HCl),PtCl4 
Acetyl derivative [260®] Long needles, 
so! hot alcohol, si sol water, v el sol ether and 
ben2sene (Gabnel a Herzberg, B 16, 2041) 

M 
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AMiDO-OINNAMIO ACIDS 


Di amido oiniiEmio acid 

C^a(NHa)a CH CH CO^ [168®] Formed by 
reducing (8 4 1) nitro amido cmnamio acid 
(Gabriel a Herzberg, B 16, 2042) Yellow 
needles, sol hot alcohol, and water, msol ether, 
benzene, and benzoline 

AKIDO COMENIC ACID v Gomenio acid 
AMIDO COUMAEIN C^H^NOj [168°-170'^] 
From mtro coumarin {q v ) — Needles, v si sol 
cold water, V sol hot water Salt. — (B'HCl)jPtCl 4 
(Frapolli a Chiozza, A 95, 253) 

AMIDO-CRESOL C,H„NO Mol w 142 
Ten amido cresols are indicated by theory 
four derived from ortlio , four from meta , and 
two from para cresol The amido cresols are 
readily soluble in alcohol and in ether, sparingly 
BO in water They dissolve m acids and m 
alkalis They are formed by reducing nitro- 
cresols, or from mtro toluidmes by the diazo 
reaction 

Amido-o-oresols 0„H8Me(0H)(NHJ [1 2 x] 
Amido-o-cresol sc = 3 From mtro o cresol 
l 69°] (Hofmann a Miller, B 14, 570 , Zmcke a 
Hebebrand, A 226,72) 

Reaction — 1 When heated with quinone, it 
forms a red crystalline Base, 0 ^H^gN^ 04 , [285^], 
V si sol alcohol, sol acids , its acetyl derivative, 
C 28 H 24 AC 2 N 4 O 4 , forms orange needles (from dry 
HOAc) —2 Heated with formic acid it forms a 

methenyl compound C 8 H 8 Me<^Q^CH, [39®], 

(200®) 

Methyl ether OeH 8 Me(OMe)(NH 2 ) (223°) 
Amido-o-cresol a; = 4 [161°j From mtro 0 
cresol [108°] (Noltmg a Collin, B 17, 270) 
AJso from acetyl tolylene di amine, 
C,H,Me(NH 2 )(NHAc) [12 4] (Wallach, B 16, 
2831) Colourless plates or needles Salt — 
B'HCl glittering plates, which sublime as needles 
Acetyl derivatives 

C.H,Me(OH)(NHAc) [225°], sol KOHAq - 
0«H,Me(OAc)(NAcH) [133°] (Maassen, B 
17, b08 , Wallach, A 235, 250) 

Amido-o-cresol a;«=5 [176°] 

Formation — 1 From mtro 0 cresol [85°] 
(Hirsch, B 18, 1614) — 2 From nitroso 0 cresol 
8 From sulpho benzene azo o cresol by re 
ducing with Sn and HCl (Noltmg a Kohn, B 
17, 366) — White plates or needles , may be sub 
limed — CrO, gives toluqumone Salt — B'HCl 
Amido-o-cresol [124°-128°] From 

mtro cresol [143°] Stellate groups of needles 
(UUmann, B 17, 1962) Salt —B'HCl 

Undetermined derivatives of amido o~cresols 
Methyl ether C 8 H 8 Me(OMe)(NH 2 ) [12 6?] 
[63°] (Hofmann a Miller, B 14, 671) 

Ethyl ether C,H 3 Me(OEt)(NH 2 ) [12a;] 
From ethyl mtro 0 cresol [71°] (Staedel a 
Kayser, A 217, 217, B 16, 1134) Salts — 
B'HCl l^aq — B' 2 H 2 S 04 — Acetyl 
derivative C,HjMe(OEt)(N]ELA.c) [108°] Tri 
metric plates (from water) , tables (from ether) , 
cubes (from benzene) 

Amido-m-cresols C8H,Me(OH)(NH,) [13 a;] 
Amido tn-o^esol a; » 6 [161°] From sulpho- 
benzene azo m cresol by reduction (Noltmg a. 
Kohn, B 17, 367) White warts On oxidation 
with CrO, it gives toluqumone 

Undetermined derxvatwe of an amido-m-oresol 
Ethyl ether 0,H,Me(OEt)(NH,) [18 a;] 
An oil formed by reducing ethyl mtro m-cresol 


[64°] (Staedel. A 217, 219) Salt — 

Acetyl derivative [114°] Mass of neediee 
(from water) . 

Amido p cresolr C8H,Me(OH)(NH,) [1 4 x] 
Amido-p-cresol Ic « 2 [144°] 

Formation — 1 From mtro p cresol [78°] 
(Knecht, A 215, 91) — 2 From mtro toluidine 
C,H,Me (NH2)(N02) [1 4 2] (Wallach, B 16,2833) 
Properties — Colour less plates by sublimation 
Acetyl derivatives 

C„H 3 Me(OH)(NHAc) [178°] , sol KOHAq — 
C,H,Me(OAo)(NHAc) [129°] (Maassen, B 17, 008) 
Methyl ether C 8 H,Me(^OMe)(NH 2 ) [47°] 
From the mtro compound (K ) , needles, volatile 
with steam 

Amido-p-cresol a; « 3 [135°] 

Formation — 1 From mtro-p cresol [33°] 
(Wagner, B 7, 1270, Hofmann a Miller, B 14 
572) —2 By reducing benzene azo p cresol or 
sulpho benzene azo p cresol (Noltmg a Kohn, 
B 17, 360) 

Properties — White plates or needles , gives 
a red colour with Fe Cl, Salt — B'HCl 

Reactions — 1 Gives a methenyl derivative 
whenheated with formic acid (H a M ) — 2 Gives, 
when heated with Ac^O and NaOAo, an ethenyl 
derivative which is converted by boiling dilute 
H 2 SO 4 into an acetyl derivative 

Acetyl derivative [lb0°] Long needles 
Methylether C,H,Me(OMe)(NH ) [38°] 
Ethyl ether C,H 3 Me(OEt)(NH 2 ) [41°] 
From the mtro compound (Staedel a Kayser, 
B 15, 1134) Needles (from water) or plates 
(from other solvents) Salts — B'HCl l^aq — 
B' 2 H 2 S 04 2 aq Acetyl derivative [107°] 

Di amido p cresol 

Ethyl ether CAMe(OEt)(NH 2)2 [1 4 3 5] 
From the mtro compound (Staedel a Kayser, 
A 217, 221) Pleasant smelhng oil — B'HCl 
silky needles 

Di amido-cresol CyH,Me(OH)(NHo )2 [1x2 4] 
From amido toluene azo amido cresol (Graelf, 
A 229, 349) , decomposes when liberated from 
its salts — B"H SO 4 aq , slender grey needles 
(from alcohol ether) 

AMIDO-CEESTL- v Amido toltd 
AMIDO CROTONIC ETHER A name applied 
to the imide of aceto acetic ether (t; p 19) 
AMIDO CDMhNE v Cumedine 
D i amido cumene C 8 H, 4 N 2 le ¥i C 8 H 8 (NH 2 ) 
[47°] From the mtro compound (Hofmann, J 
1862, 3d4) 

Di - amido - pseudo - cumene C 8 HMe 3 (NH 2 ), 
[1 3 4 5 6] [92°] Formation —1 By reducing 

mtro pseudo cumidme [47°] (Edler, B 18, 030) 

2 By reducing amido azo cumene (Noltmg a 
Baumann, B 18, 1147) Properties — Ijfeedles 

or plates , gives with FejCl, a brownish red 
colour and a quinone hke smell , also gives 
Ladenburg’s aldehydine reaction 
AMIDO CDMEHOL C,H„NO 1 e 
C,HMe,(OH)(NH 2 ) [1 3 4 6 2] [167°] Amtdo^ 
psmdo cumenol , Oxy cumidine Obtained by 
reducmg benzene azo tp cumenol (LiebermUnn a 
Kostanecki, B 17, 886) , or mtro tp cumenyl 
mtrate (Auwers, B 17, 2980) White needles 
(by sublimation) , sol KOHAq FejClt gives a 
red colouration Bi acetyl derivative 
04 HMe,(OAo)(NHAo), [186°] needles 
AMIDO CDMIKIC ACID C^JEI^sNO, 



AMIDO-FURFUR-BUTYLENE OXIDE 


les 


m^Amido^rtTniuic acid 

Pr C«H3(NH:3)C0,H [1 2 4] [129°] Amido iso- 

propyl bensoic acid Prepared by reducing m- 
nitro cuminic acid [168°] (Paterno a Fileti, G 
o, 383 , Lippmann a Lan^, B 13, 1661) — 
Tables, some of it occasionally crystallises 
from water m thin plates [104°] (Fileti, O 10, 
12) FegClg give a violet blue colouration with 
the hydrochloride EtI at 100° gives a syrupy 
ethyl amido cuminic acid 

Salts — AgA' white pp —ZnA'jSaq needles 
HA'HCl -(HA'HCl)2PtCl, — (HA') ASO, 

Acetyl derivative [248°-250°] Slender 
needles, si sol boihng alcohol, saponified by 
water at 230° 

^ Ethyl ether "Et A.' Heavy oil 

Nitrile Ft [45°] (305°) 

Frommtro cumino nitrile — Needles (from water) 
(Czumpehk, H 2 183) Salt — (B'HCl),PtCl, 

0 A^do cummio acid 

FrCflH3{NH,)CO^ [13 4] [116°] Prepared 

by reducing o nitro cuminic acid with FeS04 
and NH8(Widman, B 19, 270) —Plates or tables 
Acetyl derivative C,oH,2AcN02 [246°] 
Slender needles, si sol alcohol, and ether, may 
be sublimed (Widman, B 10, 2579) 

Di amido cuminic acid C,„H,4N 0^ le 
Pi C,H (NH ),CO,B. [192°] Formed by re 

ducing di nitro cuminic acid (Boullet, C R 43, 
399, Lippmann B 15, 2144) —Yellowish plates, 
Bol hot water, alcohol, ether, alkalis and acids 
Crystallises from water with aq 

Salts — AgA'aq — H A'HCl aq large prisms 
AMIDO CDMYL ACfiYLIC ACIDS 

I Pr C,H<,(NH,) CH CH CO^H [1 3 4] [105°] 

From the nitro acid, FeSOp and NH, (Widman, 
B 19, 262) —Flat yellow prisms (from alcohol) 
bait — HA HCHaq \ery slender needles, v si 
sol water , converted by boiling \\ater into cumo 
styril or (B 3) iso propyl (Py 3) oxy quinoline 

169°] Acetyl dir hva live 
PrC«H8(NHAc) CH CH CO,H, [220°] very thin 
needles (from alcohol) 

II PrC„H3(NH2) CH CH CO^H [1 2 4] [165°] 

1 rom the nitro acid (Widman, B 19, 415) Six 
sided tables (from ether) Warm H SO^ gives a 
magenta colour Salts — HA'HCl flat needles 
— (HA'HCl)2PtCl4 2aq — (HA^^H^SO, 5aq Ace 
tyl derivatives Ci^Hj^AcNO^, [240°] needles 
(from alcohol) — Cj^HisAc^NOj [236°] 

AMIDO lii CUMY^EVE ACETAMIDINE 

C„H,.N, C,Me.(NH,)<]]jj>CMe[l 3 4 2 ;] 

Ethenyl - tn amido - tri methyl - benzene 
[216°-218°] From acetyl di nitro pseudo cumi 
dine bv reduction with Sn and HCl (Auwers, B 

18, 2663) — Bosettes of plates or yellowish 
prisms (from water) containing 2aq 

Salts — B"2HClaq — B"HC1 2aq — 
B^HjEtClg aq 

AMIDO CDMYLPHENYLKETONEtJ Phenyl 
Ainnq cumyl eetone 

m AMIDO CDMYL PEOPIONIC ACID 

0 ,jH„N 02 t e PrC,H,(NH2) CH^ CH^ CO^H [1 8] 
[103°-105°] From m amido cumyl aoryhc acid, 
NaOHAq, and sodium amalgam (Wi<^an, B 

19, 418) Acetyl derivative 0|^,„AoNOp 
[108°] , prisms (from alcohol). 


AMIDO DI CYANIC ACID C^H.N^O is. 

NH,CONHCN or HN C<^^>CO Allo- 

phanomtnle, carbonyl guanidine^ oarbimido 
cyanarmde 

Formation — 1 From di cyano di amide and 
baryta water — 2 From potassio oyanate and 
cold aqueous oyanamide (Hallwaohs, A 153, 289 , 
Wunderlich, B 19, 448) 

Properties — Needles It decomposes car- 
bonates and behaves as a strong acid Produces 
biuret when warmed with H^SO^ (1 vol ) and 
water (J vols ) at 70° (Baumann, B 8, 708) 
Salts —NaCHN,0 —KA' —BaA'j8aq - 
CuA'j 4aq — CuC HN^O 2aq — AgA' 

AMIDO CYANURIC ACID v Ammelide 
Di amido cyanuric acid v Ammeline 
AMIDO CYMENE v Cymidine 
Diamido cymene C,H MePr(NH2)j[l 4 3 6], 
Hydrochloride Formed by reducing the 
di oxim of thymoquinone (Liebermann a. Ilmski, 
B 1« 3200) 

AMIDO DBACYLIC ACID =»p Amido ben/oio 

ACID 

DI AMIDO-DDEYLIC ACID v Di amido tbi- 

METHYL BEN70IC ACID 

AMIDO ETHANE v Ethtlamine 
Di anudo ethane v Ethylene di amine 
AMIDO DI EIHYL ACETIC ACID v Amido 

HEXOIC AOID 

AMIDO - ETHYL ALCOHOL v Oxybthyl- 

AMINE 

AMIDO ETHYL BENZENE v Amido phenyl- 
ethane 

AMIDO ETHYL METHYL KETONE 9 

Methyl amido ethyl ketone 

DI AMIDO DI ETHYL OXIDE '‘C^HjaNjOi a 
(CH, C(NH )H)20 

Di amido ether The very unstable hydro 
chloride (B'2HC1) of this body is formed by 
passing NHg into an ethereal solution of 
(CH, CHC1)20 (Hannot, A Ch [6] 25, 224) 

DI AMIDO DI ETHYL-DIPHENYL C.^Hg^N, 
i c [4 3 1] NH2 CeH,Et CgHgEt NH^ [1 3 4] (^) 
Formed by the action of SnClj and HCl or H2&O4 
on an alcoholic solution of 0 azo ethyl benzene 
— B"H2S04 needles, si sol water, m sol alcohol 
Acetyl derivative C,gH,g(NHAc)2. [307°] 
White needles (by sublimation), si sol alcohol, 
sol HOAc 

An isomeric di amido di ethyl diphenyl is 
formed similarly from p azo ethyl ben/one Its 
sulphate is a white amorphous powder (G 
Schultz, H 17,474) 

AMIDO ETHYL TOLUENE i> Amido-Tolyl- 

BTHANE 

AMIDO ETHYL-TOLXJIDINE v Ethyl toly- 

LENE DIAMINE 

AMIDO-ETHYL-m-URAMIDO-BENZOIC ACID 
0,oH„N,0,te NH2.C2H4 NH CO NH.C.H4 COgH 
Formed by the action of ethylene diamme upon 
cyano carboxamido-benzoio acid (v Almido ben 
zoio acid) White prisms, si sol cold water* 
Salt — HA'HCl 2 iaq (Gness, B 18, 2416) 
AMIDO FLAVOLINE v Flavanilins 
AMIDO FLTJOBENE v Fluobsnb 
AMIDO FOBMIC ACID v Carbahic aciow 
AMIDO FUEFUE-BUTYLENE OXIDE 


OAiNO.m 0,H.OC(NBy<^^ 


Ma 
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AMIBO-FURFUR-BUTYLFNE OXIDE 


(216°-220®) Obtained by reducing CgHjoNjO^, the 
product of addition of NjO, to furfur butylene 
Properties — Colourless liquid, volatde with 
steam, sol water 

Salts —B'HClaq crystals, v sol water — 
B'jHjPtCla sol hot water 

Acetyl derivative CgH^OjNHAo [163°], 
(806°-810°) needles, v sol HClAq 

Anhydride C,H„NO [142°] (300°-810°) 

V D 4 77 Formed from amido furfur butylene 
oxide on distilling, or even on keeping It forms 
laige colourless crystals, and is volatile with 
steam It is a tertiaiy base (Tunnies a Staub, 
B 17, 854) 

AKIBOGEN The group NH^ , v Amides, 
Amido acids, and Amines 

AMIBO GLUTAEIC ACID v Glutamic Acid 
AMIDO GLYCOLLIC ACID v Ox y amido 

ACETIC ACID 

AMIDO HEMIPIC ACID v Hemipic acid 
AMIDO HEPTOIC ACID C^H^NO^ i e 
CjH,, CH(NH2) CO^H o Aviido ouuanthic acid 
From bromo heptoic acid and alcoholic NH, at 
100° (Helms, B 8, 1108) Six sided tables or 
plates, V si sol cold water, insol alcohol 

Salts — CuA '2 insoluble powder —HA'HCl 
prisms, V sol water or alcohol 

AMIDO HEXOIC ACID C.H.sNOj 
a Amido n hezoic acid v Leucine 
Amido di ethyl acetic acid CEt (NHJ CO H 
Prepaiatwn — Diethyl ketone cyanhydnn, 
CEt^(OH) CN, obtained by the action of dilute 
HCN on di ethyl ketone, is heated with alcohohe 
NH„ and the product is saponified by HCl 

Properties — Thick tables or prisms (from 
water), V sol water, m sol alcohol, msol ether, 
may be sublimed 

Salts — AgA' white plates —CuA '2 violet 
plates — HA'HCl thick white prisms (Tiemann 
a Friedlander, B 14, 1975) 

a Amido iso butyl acetic acid 
FrCH 2 CH(NH 2 )COH[ 8 85 at 12° From 
iso valeric aldehyde ammonia, HCN and HClAq 
(Limpncht, A 94, 243 , Hufner, J pr [2] 1, 10) 
Properties — Resembles leucine, but is opti 
cally inactive (Mauthner, H 7, 223) 

AMIDO HEXYL ALCOHOL v di Acetone 

ALCAMINE 

AMIDO-HIPPDEIC ACID C,H,oNjO, 
C,H,(NH3) CO NH CH, CO 2 H 

m Amido benzoyl glycocoll [194°] (Conrad, 
J pr [2] 16, 268) S 3 at 20° , S (alcohol) 
08 at 16° From m nitro hippuric acid, ammo 
mum sulphide and H^S (Schwanert, A 112, 70) 
Properties — Plates or needles Soluble m 
alkalis and in acids Salt — B'HCl 

Reactions — 1 Boiling HCl forms m amido- 
benzoic acid and glycocoll — 2 Urea forms 
uramido hippuric acid CioHuNgO, and a 
small quantity of carboxamido hippuric 
acid C,„H,,N ,07 (Gness, J pr [2] 1, 136) 

DI-AMIDO-HYDEO-ACEIDINE KETONE, so 
called, CijHijNjO [223°] Formed by reducing 
the o carboxylic acid of di nitro di-phenyl amine 
with Sn and HCl Flat needles or thick prisms, 

V soL hot alcohol, v si sol ether, benzene, cold 
water, and hght petroleum Fe^Olg gives a deep 
yellow colour, passing into greemsh black, 
KsCr^O, gives a red pp 

Salt — B'HCl uunoolonrless needles, si soL 
cold waler 


0 Aloro dertvafiue C„H, 9 C 1 N ,0 [0 230’], 
Formed by reducing chloro di nitro di phenyl 
amine 0 carboxyhcr acid Colourless crystals 
sol hot water, v bII sol cold water, ether, and 
benzene (Jourdan, B 18, 1460) 

AMIDO HYDEATEOPIC ACID v Amido. 

PHENYL PROPIONIC ACID 

DI AMIDO HTDEAZO BENZENE 

V Hydrazines 

AMIDO HYDRO CARBOSTYEIL C,H,oN,0 

Oxy amido di hydio quinoline 

(B 3) amido hydro carbostynl 

„ 


JDi amido phenyl propionic anhydride D%- 
amido hydro cinnamic anhydride [211°] Pre 
pared by reducing di mti 0 phenyl propionic acid 
with tin and HCl It forms colourless needled 
or prisms, v sol hot water, alcohol, and HOAo, 
msol CS 

Salts — B'HCl needles —B'jH PtClg yellow 
leaflets Bromine forms a mono bromo deriva 
tive, [210°] and a di bromo derivative, [179°], 
both crystallising m needles (Gabriel a Zimmer- 
mann, B 12, bOl) 

{Py 4) Amido hydro carbostyril 
.CH^ ~ CHj 

C,HX I [143°] 

\N(NII ) CO 

From C,H,(NH NH SOjNa)CH CH CO H (?) 
Hydrazido PHiNYL PROPIONIC acid) by addition 
of HCl (Fischer a Kuzel, ^ 221,282) Crvstal 
lised from watei Sol water, v si sol alcohol 
Does not reduce boiling Fehling’s solution, but 
reduces hot Ag 0 Salt -C„H,oN OHCl 

Reactions — 1 An acid solution is converted 
by NaNO into hjdro carbostynl — 2 With EtI 
and alcohol at 100° it gives an ethyl derivative 

[74 °] This gives a 

nitrosamine with NaNO and HCl 

AMIDO HYDRO CINNAMIC ACID t? Amido. 

PHENYL PROPIONIC ACID 

DI AMIDO DI HYDRO TERE PHTHALIC 
ACID NH, C CH(CO,H) CH 

II II (?) Di imido hexa 

H C CH(C02H) C NH, 

hydro terephthalic acid or succino succinic acid* 
di imide 

Ethyl ether [181°] Obtained by 

fusing di oxy di hydro terephthalic ether (sue 
cino succinic ether) with ammonium acetate 
Yellow needles , si sol alcohol and ether with a 
green fluorescence, v sol chloroform By 
treatment with bromine in HjSO^ solution it is 
converted into di amido terephthalic ether The 
hydrochloride and sulphate are colourless 
spanngly soluble salts (Baeyer, B 19, 429) 
AMIDO TETRA HYDRO QUINOLINE 
/CH, — CH, 

CgHjjN, 1 6 C,H,v I 

\N(NH2) CH,, 

[66°]. (c 266°) Prepared by reducing the nitros 
amine of tetra hydro qumoUne with zinc •dust 
and HOAo White crystals 

Salts — B'sHjSO^ 2aq yellow plates, si sol 
cold water — The hydrochlonde is v sol water 
Reactions — Reduces salts of Au and Pt, and 
Fehling’s solution Ppd HgO forms an azo 
quinoline (HoUmann a. E5nigs, B 16, 780) 
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AMIDO HTDEO QUINONE CANO- i t 
NACAiOH), 

D% methyl derivative ♦ NH, 

[82®] (270 ) Formed by i reducing the di 

methyl derivative of nitro hyOToqumone Pearly 
plates, sol hot water, alcohol, benzene, light 
petroleum and CS^ Very readily oxidised 
Reactions —1 CuSO^Aq gives a greenish 
black colour — Fe^Clg pps lustrous greenish 
plates, which form a red solution in water — 
AgNOg gives a silver mirror Salts — ‘‘B'HCl 
white needles - brown pp 

Acetyl derivative — CA(NHAc)(OMe) 
[91°] Silvery scales , sol water, alcohol, ben 
zone, light petroleum and CS^ (Magatti, B 14, 
7^, G 1881, 3i2, Mulhauser, A 207, 254, 
Baessler, B 17, 2119) 

• Ethyl derivative C„H,(NH )(OEt)(OH) 
From the nitro compound (Weselsky a Benedikt, 
M 2,370) — B'HCl 

Di am*4o hydroquinone C,H (OH)^(NH 2)2 
Formed by reduction of di nitro hvdroquinone 
or its di acetyl derivative with tin and HCl 
Owing to its easy oxidisabilitv the base was not 
isolated in the free state B"H Cl^ — Colourless 
needles, v e sol water si sol cone HCl 

Di acetyl derivative C„H (OH) 2 (NHAc )2 
[c 240®] Colourless needles Is oxidised to 
dh acetyl di amido quinone CrtHPXNHAc)^ 

Tetia acetyl derivative C«H (OAc) 2 (NHA.c) 2 . 
[216®] , colourless needles or plates v sol alco 
hoi and acetic acid, si sol water and ether Dis 
solves in dilute alkalis, the solution becomes 
oxidised on exposure to the air and deposits 
yellow needles of the above mentioned di acetyl 
di amido quinone (Nietzki a Pieusser, B 19, 
2247) 

Di methtjl derivative C«H (NHj) (OMe), The 
hydrochloride of this bodv is formed by reducing 
the corresponding nitro compound It crystal 
lises in needles, [1G9®] (Kanof, B 13, 1676) 

Di methyl di amido hydroquinone (g v) iB 
isomeric with this body 

DI-AMIDO-DMMIDO-BENZENE 
CA(^BL)(NH )2 [1 2 4 5] Small brown 
needles Formed by oxidation of solutions of 
salts of tetra amido benzene with Fe^Clg, Ac 
Salts — B^HjClj glittering brown needles, 
sparingly soluble in water with a bluish violet 
colour — B"(HNOg )2 small green needles 
(Nietzki a Hagenbach, B 20, 335) 

AMIDO IMIDO METHANE v Fobiiauidinb 
AMIDO DI IMIDO (a)-NAFHTHOL 
NH 

I (?) Pre. 

NH 

pared by the reduction of tn nitro (o) naphthol 
with tin and HCl Brown scales, insol water 
and ether Salts — B'HCl lustrous green 
scales, si sol cold water — B'AP^Cl, (Diehl a 
Merz, J5 11, 1663) 

AMIDO DI IMIDO OBCIN CA^A2aq %e 

C,Me(NHg)(OH),<;^j^^(?) Prepared by re- 

dnoing tn-nitro orem with sodium amalgam 
(Stenhonse, A 167, 167) Lustrous green needles, 
V el sol water, insol alcohol, ether, and benzene 
NaOHAq forms a deep bine solution Beduced 
by Inrthef action of sodinm amalgam to in> 
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amido orom Salts — B'HCl aq brownish rad 
needles , sol water but ppd by HCl — 

B'ASO^ 2aq purple laminae 

AMIDO DI IMIDO THENOL, so called. 

CgHAO te CgH2(NH,)2<(^ [2 6 JJ 

Di amido quinone imide (Hepp, A 215, 851) 
The hydrochloride, B HCl, separates as brown 
needles with blue reflex when Fe^Clg is added to 
a cone aqueous solution of the hydrochloride of 
tn amido phenol (Heintzel, Z 1867, 842) It is 
decomposed by alkalis and by hot water, hot 
dilute HCl changes it into colourless needles of 
the hydrochloride of oxy amido quinone imide 
(or di amido quinone) CgH„N O HCl, while HjSOg 
forms a corresponding sulphate crystallising in 
plates 

AMIDO IMIDO DI PHENYL SULPHIDE 
C„H„N,8 t « AmvLo thio- 

di phenyl imide , Amido sulphido di phenyU 
imide 


Formation — 1 By reduction of mtro imido- 
di phenyl sulphoxide, S^N<Cc*H*(NH )^ — 

2 By heating p amido di phenyl amine with 
sulphur (Bernthsen, B 17, 2858 , A 230, 101) 
White satiny plates (from water) , m sol hot 
water, v sol alcohol and ether Turns grey in 
moist air Fe Clg converts it into the foUowiag 
body 

Imido imido di phenyl sulphide C, A^jS t e 



Small brown crystals, v sol alco- 


NH 


hoi, si sol water and ether Its salts dye silk 
greyish violet It is easily reduced to the pre- 
ceding body Salts —B'HCl ^aq — B' A^^nClg 
brown needles or prisms 

Di amido imido di phenyl sulphide 

C,H„N,S le Fomed by 

reducing (a) di nitro imido di phenyl sulphoxide 
with tin and HCl, or Lauth’s violet with ammo- 
nium sulphide (Bernthsen, B 17, 614) Yellow 
needles or plates , si sol water and ether The 
sulphate is si sol water 

Amido imido imido di phenyl sulphide 


C,AN«S xe 


1/ 


Lauth'a VioleU 


NH 


Formation — 1 By treating a solution of p^ 
phenylene diamine hydrochloride with H S and 
Fe^Clg successively (Lauth, C R 82, 1441 , Koch, 
B 12, 692, 2069) — 2 By action of Fe^ Cl* on the 
preceding body (B ) Its alcohohc solution has a 
violet colour with reddish brown fluorescence. 


Its solution in excess of HCl is blue, in EL^SO,, 

g reen changing to blue and then to violet Long 
eating wnth Mel converts it into the methylo- 
lodide of penta methyl di amido imido di phenyl 
sulphide identical with that formed in the same 
way from methylene blue Salt. — B'HCl green 
crystals, si sol cold water 

An iiomeride {Bemthsen*8 Vxolei) is formed 
bv reduemg (6) di nitro imido^ - phenyl sul 
phoxide and then oxidising the lenoo-base wnth 
Ife^lr Its hydroohlonde B'2H01, forms dark 
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needles, which dye reddish violet H.^S04 forms 
A violet solution. 

AMIDO m IMIDO EESOECIN aq 

.NH 

or 0,H(0 H)j(NH 2)< I (?) From tri amido 
^ NH 

resorom hydrochloride and FejCl,. Lustrous 
green needles, v si sol water, insol alcohol or 
ether KOHAq forms a blue solution Dilute 
HCl at 170° forms tri oxy quinone 

Salt — B'HCl red needles, ppd by HCl 
(Schreder, A 158, 250 , Diehl a Merz, B 11, 
1229) 

AMIDO INDIGO CjeH.aNA te 
C,jH 8(NH2)2N20 o Prepared by reducing nitro 
indigo with acetic acid and powdered zinc 
(Baeyer, B 12, 1317) Dark violet pp , v si sol 
alcohol, ether and chloioform Forms blue 
solutions in dilute acids 

AMIDO-ISATIN, so called, v Isatinimide 
AMIDO LACTIC ACID v Oxy amido pbopionic 

ACID 

AMIDO MAIEtC ACID C,H,NO, i e 
COjH CH C(NH2) C0,H [182°] Easily soluble 
crystals Prepared by saponification of the 
amides — A^Ag^ voluminous pp , explosive 
D% ethyl ether Et2A" [100°] Colour 
less prisms Sol alcohol and ether, insol i^ater 
Prepared by the action of alcoholic NHj (2 mols ) 
on chloro maleic ether (1 mol ) 

Arrndo maleamtc ethyl ether 

C2H(NH2 )<^q [62°] Long white prisms 

V sol alcohol and ether, insol cold water 
Prepared by the action of alcoholic NH, (3 mols ) 
on ohloro-maleic ether (1 mol ) 

Diamvde C2 H(NHJ<^q [ 122°] 

Colourless plates Sol alcohol, ether, and hot 
water Prepared by the action of an excess of 
strong alcoholic NHg on chloro maleic ether 
(Claus a Voeller, B 14, 150) 

AMIDO MALONIC ACID C^HsNO^t^ 
CH(NH2)(C02H)2 Obtained from nitroso malonic 
acid by reducing with sodium amalgam (Baeyer, 
A 131, 295) Prisms (from water) or needles 
(by ppg with alcohol) When heated alone, or 
in aqueous solution, it splits up into CO2 and 
glycocoll Iodine oxidises it, in aqueous solu 
tion, formmg mesoxalic acid 

Salt — Pb(C,H^NO()2 crystalline pp 

CH(NH2)(CONH,)2 [182°] Formed 
by heating chloro malonic ether with alcoholic 
NHj Prisms, sol hot water (Conrad a Guthzeit, 
B 15, 607) 

AMIDO MESITOL CpH„NO t e 
CBHMe5(NH2)(OH) [1 3 5 2 4] A very oxidisable 
body formed by reduction of nitro mesitol* — 
B'HCl needles (Knecht, B 15, 1376) 

AMIDO MESITYLENE v Mesidinb. 

Di amido mesitylene C9H,4N2 le 
C,HMej(NB[2)2‘ [90°] From di- or tn nitro 
mesitylene with tin and HCl Long slender 
needles (from water), or large monoclimo crystals 
(from ether) Sublimes m needles V sol 
alcohol or ether, m sol hot water CrO, 0x1 
dtses it to oxy iso xyloqumone, Cj,HMe2(0H)02 
Salts — B"2HC1 square tables (from water), 
ppd by HCl — hard grams (from 

water) --B"H2S04 broad lammse Tfrom water) 
D% acetyl derwatwe^ [aoove 360°], 


V si sol water or cold alcohol (Fittig, A 141, 
134 , 180, 27 , Ladenburg, A 179, 176) 

AMIDO MESITYILENIC ACID C,H„NO, 
o Amido mesitylOmo acid 
C„H2Me2(NH2) CO2H [1 3 4 5] [187°] (Schmitz. 

A 193, 171) [190°] (Jacobsen, B 11, 2055) 

From the nitro acid with tin and HCl Long 
needles (from alcohol) Splits up when heated 
with lime into CO^ and (1, 3, 4) xylidme 

p Amido mesitylenic acid CyH2Me^(NH2)C02H 
[1 3 2 5] [235°] From the nitro acid Long 

needles (from alcohol) SI sol water, v sol 
hot alcohol Gives (1, 8, 2) xylidme when 
heated with lime 

Salt— B'HCl long needles (Fittig a Brfick 
ner, A 147, 50 , Jacobsen, B 12, 608) *'■ 

AMIDO MEIHENYL - AMIDO PHENYL 

MEECAPTAN C,H,N,S C,H,<g^C NH, 

[129°] Prepared by heating chloro methenyl 
amido phenyl mercaptan with alcoholic NH, at 
160° Nacreous laminte Fusion with potash 
produces amido phenj 1 mercaptan 

Salt — It is a weak base, and has a crys 
talline platmochloride, B'^H^PtCl^ (Hofmann, 
B 12, 1129, 13, 11) 

AMIDO METHOXY COMPOUNDS v Methyl 
derivatives of Oxy amido compounds 

AMIDO DI METHYL ACETIC ACID v Amido 

ISO BUTYRIC ACID 

DI AMIDO TETEA METHYL DI AMIDO 
DIPHENYL V Tetra Mi thyl tetra amido 
DIPHENYL And, in general, amido methyl amido 
compounds are described as methyl (di) amido 
compounds 

AMIDO DI METHYL ANILINE v Di 

METHYL PHENYLFNE DIAMINE 

AMIDO METHYL ANTHEACENE DI 
HYDEIDE C,5H,,N le Cj^H.^Me NH2 [79°] 
Prepared by heating amido methyhanthraqui 
none with HI and P at 150° Glistening lamina*, 
which begin to sublime at 130° and are sol 
alcohol, ether, chloroform, benzene, glacial 
acetic acid, and CS^, but v si sol water 

Reactions — 1 Nitrous acid gives a green 
colour, and on adding NHj, a red pp — 2 
Arsenic acid gives a brownish red mass after 
fusion Salt — B'HCl [245°] glistening needles 
Acetyl derivative C,,H,^AcN [198°] 
White needles, sol alcohol and ether (Boemer, 
B 16, 1631) 

AMIDO METHYL ANTHRANOL 

,/C OH 

C„H,3N0 tc 0,2H3Me(NH2)C I [183°] 

^CH 

Prepared by heating amido mtth}l anthraqui 
none with HI (S G 1 96) and P Crystallises in 
nearly white needles, but sublimes in red needles 
Sol alcohol, ether, benzene, and glacial acetic 
acid, V b1 sol water 

Reactions — 1 H SO4 gives a yellow solu 
tion, becoming purple red on warming — 2 
HNO, gives a violet colour, turning red — 3 Air 
reconverts it, in alkaline solution, into amido 
methyl anthraqumone 

Di-acetyl derivative C,,H,,Ac2NO [170°] 
Thick white needles , its alcoholic solution ex 
hibits blue fluorescence (Boemer a Link, 16, 703) 
AMIDO-METHYL ANTHEAQUINONS 
0,3H„N02i« ChHAJOHsXNH^) [202°] Pre 
pared by reduction of nitro methyl anthraquir 



AMIBO-NAPirraOIO ACID 


let 


none Long dark red needles V sol alcohol, ! 
ether, benzene, acetic swid, and chloroform, v 
si sol water , 

Acetyl derivative C,,Ha02(CH8)NE[Ao 
[177°] Small light red needUs, sol alcohol and 
glacial acetic acid (Romer a Link, B 16, 698) 
AMIDO METHYL BENZENE v Toluidinb 
and Benzylamine 

Anudo di methyl benzene v Xyltbine 
Anudo tri methyl benzene v Mesidine and 

^ CUMIDINE 

Amido tetra-methyl benzene v Duridinf 
Amido penta methyl benzene v Pcnta- 

METHYL PHENYL AMINE 

DI AMIDO TETRA METHYL BENZIDINE 

Tetra methyl tctra amido di phfnyl 

AMIDO METHYL BENZOIC ACID v Amido 

TOLUIO ACID 

* Amido di methyl benzoic acid v Amido 

MESITYLENIC ACID 

Di amido tn methyl benzoic acid 0^ 

1 c C,Me,(NH ),C0 H [6 4 d 5 2 1] Dl amido 
durylic acid [221°] Formed by reducing the 
dl nitro compound with zinc dust and dilute 
HOAc Colourless silky needles, sol hot water 
and hot alcohol, v si sol ether Fe Clg oxidises 
it to pseudo cumo quinone carboxylic acid (Nef, 
B 18, 3496 , A 237, 1) 

Acetyl derivative [275°] 

AMIDO TRI METHYL BUTYL LACTIC ACID 

V OxY AMIDO HEPTOIC ACID 

m AMIDO a METHYL CINNAMIC AIDE 
HYDE C,„H„NOte CeH,(NH ) CH CMe CHO 
[60°] Got bv reducing the nitro compound with 
FeSO^ and NHg Yellowish crystals, dissolves 
in aqueous acids and reduces ammoniacalAgNOj 
Phenyl hy dr azide 

) CH CMe CH N HPh , [1 57°] needles 
Acetyl derivative 

C H,(NHAc) CH CMe CHO , [120°] short thick 
piisms (Miller a Kmkerlin, B 19, 1248) 

AMIDO {B 2 Py 2) DI METHYL {Py 3) 
ETHYL QUINOLINE te 

C„H3N(NH2)Me2Et [149°] Plates, monoclmio 
tables, prisms or flat needles Formed bv reduc 
tion of the nitro derivative with SnClj Salts — 
B'HGl , very soluble colourless crystals The 
nitrate and sulphate are also easily soluble in 
water (Harz, B 18, 3302) 

AMIDO {Py 4) METHYL HYDRO QUINO 
LINE / CHj CHj 

O^oH^.N^ie CA(NH2)<; I 

\NMe CH^ 

Amido kairoline Yellowish oxidisable oil 
Formed by reduction of nitro kairoline [94°] 
with SnClj. By nitrous acid it is converted 
into a compound CioHjgNgO, [144°] when dry, 
which crystallises with 5aq in splendid red 
needles, and dissolves m dilute acids with a 
deep red colour 

Salts — The acid tartrate forms spanngly 
soluble crystals B"H;2Cl3PtCl4 (Feer a Koenigs, 
B 18,2391) 

AMIDO DI METHYL HYDROQUINONE v 
it ihethyl Amido hydroquinone 

AMIDO TRI METHYL PHENYL ACETAMI- 
DINE v Amido cumylenb acetamidine 

AMIDO DI METHYL-PHENYL ACETIC AN 
HYDRIDE V Bt-MaTHYii-oxiNDOLE 

AMIDO MXTHTL-PROPYL BENZENE p 
Cymidinb 


(B 4) AMIDO (Py 3) METHYL QUINOLINE 

C.oH.oN, t e 0»H4(CHg){NH2)N o Amido qmn- 
aldine [66°] Formed by reduction of (B 4)- 
nitro (Py 3) methyl quinoline Long pnsms 

V sol alcohol, ether, and hotligroine, sparingiv 
in water — B'HCl yellow needles (Doebner a 
Miller, B 17, 1701) 

(B 1 or 3) Amido (Py 3) methyl quinoline 
CjoHioNjaqic C9Hj(CH3)(NH2)N m Amido quin 
aldine [105°] when dry Formed by reduction of 
(B lor 3) nitro (Py 3) methyl quinoline Coloui 
less crystals ( + HjO) V sol hot water, alcohol, 
and benzene, sparingly in ether B HCl red 
needles (Doebner a Miller, B 17, 1702) 

Amido (B 2, 4 Py 3) tn methyl quinoline 
C, H,2N(NH2) Formed by reducing nitro tn 
methyl quinoline with SnCl Yellowish plates 
(from alcohol) (Panajotow, B 20, 3b) 

Sulphonic acid C„H,,(SOgH)(NH2) N 
Small yellow needles BaA'2 3aq silky needles, 
si sol cold water 

AMIDO METHYL TOLUIDINE v Methyl 

TOLYLFNF DIAMINE 

AMIDO ^ METHYL UMBELIIFERON 

.CMe CH 

C.„H,NO,ic C8H2(NH,)(0H)<; I [247°] 

CO 

From nitro 3 methyl umbelliferon Needles, 
sparingly soluble in the usual menstrua Fe^Cl, 
gives an intense green colouration with the aloo 
holic solution 

Salt — B' H2SO4 2aq sparingly soluble pp 
(Pechmann a Cohen, B 17, 2137) 

AMIDO METHYL URACIL v Uramido cro- 

TONIC ACID 

AMIDO NAPHTHALENE v Naphthylamine 
Dl - amido - naphthalene v Nafhtuylenb 
diamine 

Tn-amido-naphthalene C,„H„N,te 
C,oHj(NH2)a The hydriodide, B'"3HI, is 
formed from (3) tn nitro naphthalene [218°], bv 
reducing it (1 g ) with I (20 g ), P (4 g ) and 
w ater , it forms white needles , at 70° it becomes 
B"'2HI sulphate, silky 

needles The free base is very unstable 

Benzoyl derivative Ci^Hj^NjO le 
C,„H5(NH )2 (NHBz )[2 4' 1] From benzoyl di- 
nitro naphthylamine 

Salts — B"'HC1 needles — B"'Hj,SOa 
needles (Laiitemann a Aguiar, Bl [2] 3, 263 , 
Hubner a Ebell, A 208, 324) 

Tetra amido-naphthalene Cn,H, N^ i e 
C,oH^(NH ^)4 The hydriodide B""4HI, formed 
by reducing (3) tetra nitro naphthalene [200°] 
with P, I, and water, crystallises in yellowish 
lamines, sol water and alcohol (L a A ) 

AMIDO NAPHTHALENE SULPHONIC ACID 

V Naphthylamine sulphonic acid 

AMIDO (3) NAPHTHO HYDROQUINONE 
CjaHaNOj 0,oHa(NH2)(OH)2 Amido d% oxy 
naphthalene The c? roc feZo rid p, B'HCl, is 

got by reducing nitro (3) naphthohydroquinone 
with tin and HCl (Groves, C J 45, 300) It is 
rapidly oxidised by air 

AMIDO NAPHIHOIC ACID CnH^NO^ te 
C.oH.(NH 2) CO2H 

Amido- (a) naphthoic acid [212 ] From 
nitro (o) naphthoic acid, [230°], by reducing with 
FeS04 and NH, Colourless needles , may be 
sublimed , sol alcohol, v si sol ether (Ekstrand, 
B 18 , 78 ) 
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AMIDO-NAPHTHOIC ACID 


Amido>(/9) Aftphtlioio aoid [211^] Formed 
by reducing mtro-(j8) naphthoic acid [269°], with 
FeS04 and NH, Slender colourless needles 
(Fkstrand, B 18, 1206) 

Amido-(jS) naphthoic acid [219’] From 

nitro- (^) naphthoic acid [289’] Slender 
needles Salts —’‘HA'HCl small prisms, v sol 
water — “HA'HNO, large thin lamime — 
*‘(HA')^H3S04 small prismatic needles (E ) 
Amido-(8)-naphthoio acid [232°] From 

nitro ()S) naphthoic acid [293°] Small trimetrio 

tables , sol alcohol and boiling water Salts — 
CaA 2 4aq long violet needles — HA'HNOa 
large needles — (HA%H^S04 needles (E ) 
pen-Ajm6.o naphthoic acid 0i(,H^(NH2)C02H 
[«» «'.] 

Preparation — The crude product of the 

nitration of (a) naphthoic acid is reduced with 
leSO^ The solution is boiled with HCl and, on 
cooling, the lactam of the pen acid, [178°], 
crystallises out in yellow needles, whilst the 
hydrochloride of the isomeric acid remains m 
solution 

By diazotisation, treatment with cuprous 
cyanide, and saponification of the nitrile, naph 
thalic acid is foimed (Bamberger a Philip, B 
20, 242) This experiment detei mines the con 
stitution ol acenaphthene (q c ) which may be 
oxidised to naphthalic acid 
Lactam O^H^NO 


Formed by reducing nitro (a) naphthoic acid 
[216°] Needles (by subhmation) , sol hot 
alcohol, si sol water and ether It is an 
indifferent substance insoluble in alkaline 
carbonates, but soluble in hot aqueous NaOH 
with formation of the acid (Ekstrand, B 18, 
76 , 19, 1137 , compare Rakowsky, B 6, 1020) 
Acetyl derivative C,,HAcNO [125°] 
Long hair like needles (from alcohol) 
AMIDO-NAPHTHOL C,„H,NO 
(a) Amido-(a) naphthoic, „H4(0H)(NH2) [1 4] 
Formed by reducing nitro (a) naphthol [164°] 
(Liebermann, A 183, 247) or p sulpho benzene 
azo (a) naphthol (Liebermann, B 14, 1796) 

The free base is unstable , its salts produce 
(o) naphthoquinone when oxidised 

B'HCl white needles , converted by bleach 
mg powder into C^„H,„NgCl or C^„H,^N,Cl which 
separates from HOAcAq in needles [85°], and 
explodes at 130° (Hirsch, B 13, 1910) 

(iS) Amido-(a) naphthol C„H, (OH) (NH^) [1 2] 
Formed by reducing nitro (a) naphthol [128°], or 
mtroso (a) naphthol (L ) 

The free base is unstable, m presence of 
alkalis, air forms violet naphthoquinone imide, 
^NH 

, Its salts give (iS) naphthoquinone 




when oxidised BTECl white lanunce — 


BUH2(N0 ),OH 

(a)-Amido-()3) naphthol 
Foimed by reducing nitro {$) naphthol [103°] 
(Jacobsen, 14, 606 , A 211, 48) or mtroso {$)• 
naphthol (Groves, C J 45, 296) 

Preparatum — {$) naphthol orange is heated 
with HClAq and SnCIs m sli^t excess over that 
lequired by the equation : 


HO Ng C.H* SO,Na + 2Sn01, + 6HOI - 
HO Oi.H, NH,H01 + NH, C^H^ SO,H 
2§nCl4 f-NaCl, 

Amido (j8)'naphthoI hydrochloride crystallises 
on cooling, and is| freed from sinpianilic acid 
by washing with NaOHAq ^Groves, C J 
45, 291) 

Properties — Colourless scales, v si sol 
water, readily oxidised by air Its ethereal 
solution fluoresces violet Chromic mixture 
oxidises it to (8) naphthoquinone 
bait — B HCl white needles 
Benzoyl derivative — C,oH^(NHBz)OH 
[245°] Small colourless plates, soluble in 
alkalis Formed by reduction of the benzojl 
derivative of (a) nitro (8) naphthol, the benzo}^’ 
group wandering from the hydroxyl to the 
amidogen , this probably takes place by the 
I intermediate formation of benzenyl amido* 

naphthol C,„H^<^q^C C^Hj since this body 

occurs in the reduction product 

Acetyl derivative — C,„H (NHAc)OH 
[225°] Plates Formed by reduction of tne 
acetyl derivative of (a) nitro (jS) naphthol, the 
I same isomeric change taking place as in the 
preceding case (Bottcher L 16 1935) 

Di amido (a) naphthol CmH,„N 0 le 
C,oH (OH)(NH,), From di nitro (a) naphthol 
[138°] (Griess a Martius, A 134, 376) Its 
aqueous solution is turned led by Fe^Cly, amido- 
naphthoquinone imide (^ v ) being formed 

baits (Graebe a Ludwig 4 154, 307) — 
B"H SnCl^ monocimio piisms, o 6 c =» 
1 184 1 1 487, )8 = 72°33' — B"H,SnCl4 4aq — 
B"H SO, 2aq 

Tri amido (a) naphthol C,oH,,NgO le 
C,oH 4 (OH)(NHJj Irom tri nitro (a) naphthol 
(Diehl a Merz, B 11, 1665 , Ekstrand, B 11, 
161) 

B'"H SO,aq scales — B"3HC1 aq needles 
AMIDO (8) NAPHTHOL SULPHONIC ACID 
C,„H^(OH)(NH,) SOgH From mtroso (8) naph- 
thol sulphonic acid {q v ) with tin and HCl 
(Mcldola, C J 39, 47) Long white needles, 
V Bol water, turned brown by air Gives phthalio 
acid with HNOgAq The acid obtained by 
reducing m carboxy benzene azo sulpho (8)- 
naphthol appears to be an isomeride (Griess, A 
14, 2032) 

Di Amido (a) naphthol sulphonic acid 
C,„H4(0H)(NH ) SOgH [12 4 8'] Prepared by 
reducing naphthol yellow S Lammas, gives 
di imido (a) naphthol sulphonic acid when 
oxidised (Lauterbach, B 14, 2029) 

Amido (8) naphthol di-sulphonic acid 
C,oH4(OH)(NH2)(SOgH) 3aq From m carboxy- 
benzene azo sulpho (8) naphthol by reduction. 
Laminae, v sol water (Griess B 14, 2042) 
AMIDO NAPHTHOauiN ONE C„H,NO, te 
C,oHg(NH.JO, Oxy naphtho quinone irmde 
Oximido naphthol Orange needles, formed 
by boiling amido naphthoquinone imide with 
water (Martius a Griess, A 134, 377 , Graebe a 
Ludwig, A 154, 307) SI sol boiling watery v 
sol alcohol, insol ether Converted by boiling 
acids or alkalis into oxy naphthoqmnone An%* 
hnst when heated with it m acetic acid solationg 
forms naphthoquinone di amhde 
Its dihydnde is described as Axipo 
ai&aoQODioiiJi. 



AMIDO-OXALOXYL-AOETIC ACID. 


m 


AMXDO VAPHTHOQITINOKS.IHIBS 

O,oH,N,Oi0 0,„H,(NH,) 

Di tmtdo naphthol From di efmido (o) naphthol 
and Fe^Ol^Aq (Graebe a Ludwig, A 154, 307) 
Minute needles, v si sol cold water, v sol 
alcohol Boiling alkalis and dilute acids at 120® 
convert it into oxy naphthoquinone Beducmg 
agents produce di amido (a) naphthol Aniline 
heated with its hydrochloride forma naphtho 
quinone di anilide Salt — B'HCl dark red 
monoolmic prisms with green lustre a b 
2 967 1 2 396 3 = 74° 28' ~ B'^H^PtCl^ — 
B'lLCrO, S 13 at 12° — B'H SO, 

• Bromine water added to an aqueous solution 
of amido naphthoquinone imide produces two 
derivatives (Kronfeld, B 17, 715) 

* 1 CpH^Erp [173°] white plates, sol 
alcohol, benzene, HNO, (S G 1 4), and CHCl, 

2 C,„H,Br 3 NO, ic CBr, CO C,H, C{NH) CO,H 
[213°] white needles sol alcohol benzene and 
HNO, (S G 1 4), insol chloroform It is split 
up by cold alkalis into phthalimide and bromo 
form When heated alone or better with H SO, 
at 110° it gives CO , Br^ and an acid C„H,Br NO 
[2 17°] This loses HBr when boiled for a long 
time with alkalis When heated with H^SO, it 
gives phthalic acid 

AMIDO NAPHTHOQUINONE SULPHONIC 
ACID CioH^N SO, Minute coppery needles, 
formed by oxidising di amido naphthol sulphonic 
acid 

DI AMIDO DINAPHTHYL Di 

naphthyhne C,„H«{NHJ C,„H„(NH,) [273°] 

Colourless plates (from benzene) Formed 
together with a smaller quantity of the isomeric 
naphthidine by wai ming (aa) hydrazonaphthalene 
with two mols of dilute HCl at 70°-80° , a clear 
solution is formed from which the naphthidine 
IS ppd as its sparingly soluble hydrochloride by 
adding an excess of HCl, the easily soluble 
hydrochloride of dinaphthyline remaining m 
solution 

Reactions — By diazotising and boiling with 
alcohol it IS converted into (aa) dmaphthyl 
[lo4°] By boiling with acids NH, is easily split 
C.Av 

off, givmg imido dmaphthyl | NNH. By 

c,„h/ 

CrOj it IS oxidised to phthalic acid 

Salts — B"H^C1/ easily soluble — 
B"H ClaPtCl, sparingly soluble yellow plates 
(Nietzki a Goll, B 18, 5254) 

Di-amido dmaphthyl {naphthidine) Probably 
[4 1] C„.H,(NH,) C, A(NH,) [1 4] [198°] 

Silvery plates or colourless tables Soluble in 
alcohol and benzene Formed, together with its 
isoraeride dinaphthyline, in small quantity by 
heating (oa) hydrazonaphthalene with HCl, and 
in large quantity by reduction of (aa) azonaph- 
thalene with SnCl 2 and HCl 

Preparation — One pt of azonaphthalene is 
flissolved in 45 pts of hot acetic acid, and a 
solutKto of SnClj (1 pt ) m 2 pts of HCl and 2-3 
pts of water is added in sufficient quantity to 
decolourise it , on adding an excess of HCl the 
sparingly soluble hydrochloride of naphthidine 
IB ppd. 

Reactions —Pe^Clg, CrO„ 01,, Ac , produce a 
eanmne red oolouration or pp with solutions of 



naphthidine salts By heating with CrO^ it is 
oxidised to (a) naphthoqumone and finally to 
phthalic acid Its diazo compound yields violet 
colouring matters with the sulphonic acids of 
()8) naphthol By boiling the diazo compound 
with alcohol it yields (aa) dmaphthyl [154°] 
Salts — B"HjCl 2 sparingly soluble colourless 
silvery plates — B"H^Cl 2 PtCl, — B"H^S 04 very 
sparingly soluble glistening plates 

Di acetyl derivative C 2 oH, 2 (NHAc), 
[over 300°] , nearly insoluble in ordinary sol 
vents (Nietzki a Goll, B 18, 3254) 

Di amido (aa) dmaphthyl C oH, 2 (NH^) 3 . 
Obtained by reduction of di nitro dmaphthyl 
with zmo dust and HCL It is readily oxidised 
/NH 

to the di imido compound | , so that 

\nh 

it cannot be diazotised B''B[jCl 2 easily soluble 
colourless needles The bichromate pps m brown 
crystals 

Di acetyl derivative Cj„H, 2 (NHAc) 2 * 
[Above 300°] Colourless needles , insoluble m 
all solvents (Julius, B 19, 2551) 

Twenty eight di amido (aa) di naphthyls are 
indicated by theory 

Tetra amido iso di naphthyl C „H,o(NH ), 
[164°-167°] From tetra nitro iso di naphthyl 
Grey powder, si sol alcohol, m sol toluene 
(btaub a Watson Smith C J 47, 104) 
AMIDO-NIfEO v Nitro ^hido 
AMIDO NITBO-BEOMO- v Bromo nitbo 

A.MIDO 

AMIDO NITBO-CHLOEO v Chlobo nitbo- 

A.MIDO 

AMIDO NITBO-IODO- v Iodo nitro amido 
AMIDO OCTOIC ACID C^H.^NO^ te 
C«H„ CH(NH 2 ) CO^H Amido - caprilic acid 
From heptoic aldehyde ammonia (cenanthol- 
ammonia) and HCN (Erlenmeyer a Sigel, A 
176, 341) Pearly white laminse, v si sol 
alcohol, ether, and cold water Neutral Vola 
tilises before fusing Salts — HA'HCl — 
HAHNOj slender needles — (HA')^H 2 S 04 — 
CuA'^ 

iVi<rzZeCeH„CH(NH 2 )CN [0°] FromHCN 
and cenanthol ammonia (E a S ) Oil, miscible 
with alcohol and ether Salts — C^Hi^N^HGl 
satiny, six sided plates — (O^H|gN 2 ) 2 H 2 Pl'da 
Amide C^H,, CH(NH ) CONH, From the 
nitrile and cone HCl Salts — 
(C,H,8N20)2H2PtCla -C,H„N20HC1 Converted 
by aqueous NaHCO, into an acid, CoHigN^Oj (?) 
AMIDO OCTYL BENZENE t; Amido pusnyl- 

OCTANE 

AMIDO OCTYL TOLUENE v Amido tolyl- 

OCTANE 

AMIDO - (ENANTHYLIO ACID v Amido 

HBPTOIO ACID 


AMIDO OPIANIO ACID v Opunio acid 


TRI AMIDO OECJN C,H„N,02 t e 
CgMe(OH)^(NHJ, From tri nitro -orem by 
sodium amalgam or by Sn and HCl Its solu 
tions readily oxidise m air, forming amido-di- 
imido orcin (q v ) (Stenhouse, Pr 21, 126) 
AMIDO-OXALOXYL ACETIC ACID 


CO^H CH(NHA CO CO,H Phenyl hydrazids 
CO 2 H CH(NH 2 ) C(N 2 HPh) COjH Obtamed by 
reduction of an alkalme solution of the di- 
phenyl - hydrazide of di - oxy - tartaiie acid 
02(N,HFh),(00,H), with somum amalgam. 
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AMIT)0-OXA.LOXYL-AOETIO ACID 


White pp , very oxidisable, its alkaline solution 
quiokl} becoming reddish violet on contact with 
the air By warming with H2SO< it is converted 
into the anhydride CioHgNaOg which is probably 
oxy amido qumizme carboxylic acid {q v) By 
further reduction of the alkaline solution with 
sodium amalgam di amido succinic acid [125°] 
16 formed (Tafel, B 20, 244) 

AMIDO OXINDOLE v Oxindolb 
AMIDO OXY V Oxy amido 
AMIDO PHENAKTHKENEu Phenanthbeke 
AMIDO DI PHENIC ACID ChHi.NO^ te 
[1 2] CO^H CeH, 0«H,(NH2) CO H [1 5 2] The 
hydrochlonde, H2A"HC1, obtained from nitro 
di phenic acid, forms silvery laminae When 
distilled with Lme it produces p amido fluorene, 
C, [123 ] (Stasburger, B 16, 2347) 

0 Di amido cU phenic acid le 

[3 2 1] (C02H)(NH,) CgHg C,H3(NH )(C0 H) 

[1 2 3] Formed, by intramolecular change, 
when o hydrazo benzoic acid is boiled with HCl 
(Griess, B 7, 1609) 

m Di amido di phenic acid C,^H, N O^l^aq 
te [2 4 1] (C0,H)(NH2)C«H3C«H3(NH,)(C02H) 
[1 4 2] Benzidine di carboxylic acid 

Formation — 1 From the corresponding di 
nitro compound (Hummel, A 193, 128 , Struve, 
B 10, 76, Schultz, B 12 235) -2 From 

m hydrazo benzoic acid by boiling with HCl (G ) 
Properties — Short needles (from water) , v si 
sol water, alcohol, and ether It gives benzidine 
and di amido fluorene when distilled \Mth lime 
Salts — Ag A" aq — H ^"2HC1 — 

E4A"2HNO, — H,A"H2PtCl« 2aq 
AMIDO PHENOL 

0 Amido phenol C^H^NO le CaH<(NH2)(OH) 
[12] [170°] S 1 7 at 0° (Komer) 

Formation — 1 By reducing o nitro phenol 
(Hofmann, A 103, 351 , Fritzsche, A 110, 166 , 
Bchmitt a Cook, K 3, 62) 

Properties — Scales , may be sublimed 
Salt s — BUCl , S 8 at 0° — B' H^SO^ 
Reactions — 1 Oxidised by KgFeCyg forming 
a dye (C24H!9Nj02 ?) which sublimes as pink 
needles (G Fischer, J pr [2] 19, 319) — 2 
Nitroiis acid forms o diazo phenol — 3 Con 
verted into oxy qumolme by heating with 
glycerin^ o nitro phenol^ and H SO4 (Skraup, B 
15, 893) -4 Lactic actdy o nitro phenol and 
H2SO4 give oxy methyl quinoline ( oxy quinal- 
dine) — 5 CH2CI COjH gives oxy phenyl amido 
acetic acid, CO^H CH^ NH C^H^ OH (Vater, 
J pr [2] 29, 286) — 6 Cl C02Et gives oxy 
phenyl - carbamio ether, HO C^H^ NH C02Et, 
[85°], which IS converted by distillation into 
alcohol and oxy - methenyl amido phenol 

C,H4<^^C0H, [138°] (GrSnviok, Bl [2] 25, 

178) —7 Potassic xanthate converts the hydro 
chloride of amido phenol into sulpho carbanil 

C«H4 <^q^CSH, called also thio carbamide 

phenol and ‘ oxy phenyl thio carbimide ’ (Kalck 
hoff, B 16, 1825 , Zincke a Hebebrand, A 226, 
60) —8 Amido phenol (30 g ) heated with alco- 
hohc qumone (48 g ) forms hydroqumone , and, 
on cooling, violet needles ©f a base C24H,8N404 
[250°] separate. This base is soluble m aniline, 
sparingly soluble m alcohol, benzene, and chloro- 
form In dilute acids it forms deep red sola 
Boiled with NaOH, ammonia comes off 


and 0 amido phenol and other products art 
formed The salts of the base have green 
metallic lustre andi are easily soluble in alcohol 
but sparingly soluble in water , much water 
decomposes them ihto acid and base — B"2HC1 
— B"2HClPtCl4— B"2H,S04 Acetyl deriva- 
tive C24H,flA02N404 [286°] Oxidised m glacial 
acetic acid solution by HNO„ this gives CjjH, jN^O, 
[275°-280°] Benzoyl derivative 
C24H,gBz2N404 [265°] Reactions — Nitrous 

acid converts the base into C24H,oNy04, which 
forms small red needles, [above 290°] HNO, 
oxidises it m acetic acid solution to a body which 
crystalhses in yellow needles [260°] (Zincke a 
Hebebrand, A 226, 60) 

Acetyl deriv ativ e CgH4(OH)(NHA(il^ 
[201°] From its anhydro denvative by boiling 
with dilute H2SO4 (Ladenburg, B 9, 1525) Ac- 
cording to Morse {B 11, 232) it can be formed b^ 
reducing o nitro phenol with Sn and HOAc {cf 
Zincke a Hebebrand, A 226, 69) Glittering 
white plates, v sol alcohol and hot water , sol 
KOHAq Not affected by qumone 

Anhydro derivative CeH4<[^^^C CH, 

Efhenyl o amido phenol [201°] S G 2 l 1S65 
Formed by heating 0 amido phenol with Ac^O, 
or its acetyl derivative with (L ) 

Benzoyl deriv ativ e C„H^(NHBz)(OH) 
[167°] From the anhydro compound by boiling 
with aqueous acids or fiom the di benzoyl den 
vative by boiling with water and BaCOg (Hubner, 
A 210, 387 , Bottcher B 16, 629) Laminae, 
si sol cold water, v sol hot water, sol alcohol, 
ether, and benzene 

Anhydro derivative C4H4<^^^C Ph 

Benzenyl 0 amido phenol [103°] (314°) 

Formed by heating o amido phenol with BzCl, 
HOBz, or phthahc anhydride, and distilling the 
product (L ) , or by reducing 0 nitro phenyl 
benzoate, with Sn and HCl It is in sol water, 
V sol alcohol Its salts are unstable, but 
B'jBLjPtClg may be crystallised from alcohol 
Di benzoyl derivative 
C4H4(NHBz)(OBz) [176°] From o amido 
phenol hydrochlonde and BzCl (Hubner, A 
210, 387) 

Formyl derivative Only known m its 
Anhydro denvative CgH4<^^^OH 

Methenyl-amido phenol [31°] (183°) Formed 
by heating o amido phenol with formic acid 
Phthalyl derivative 
CeH4 (C2O2) N CaH4 OH Oocy phenyl phthali 
mide [220°] From 0 amido phenol and phthalic 
anhydride at 220° Yellowish pnsms , converted 
by heat into CO2 and anhydro benzoyl 0 amido 
phenol, and by boiling NajCOgAq into phthaloxyl 
amido phenol, CO2H C4H4 CO NH C^H^OH, 
[223°] (Ladenburg, B 9, 1628) 

Methyl derivative C4H4(NH2) OMe 
o Anisidine (228°) From 0 nitro anisol by 
reduction (Brunck, Z 1867, 205 , Muhlhauser, 
B 13, 919, A 207, 235, Herold, B 15, 1684) 
Liquid It acts upon qumone thus 
304^402 + 208H4(0Me)NH2 - 

2C4H4(OH), + CA02(C8H,(OMe) NH,)^ 

The product forms reddish violet needles (trora 
glacial HOAc and benzene), [230°] and gives 
a hne blue solution m cone H2SO4 (Zincke, A, 



AMmO-PHENOL. 
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226,68) Salts —B'HCl needles (from alco- 
hol), may be sublimed —B'HBr — — 
B'jHjPtClg — Chloroacetate (Witer, J pr [2] 29, 
288] Acetyl den vative ~-CjH,(NHAc) OMe 
[84*^] (204°) Pearly crystals Sol hot water 
Benzoyl derivative — C.H4(NHBz) OMe 
[69°] 

Ethyl derivative CgH4(NHj) OEt 
o-Amido-phenetol (229°) A liquid prepared by 
reducing o nitro phenetol (M Forster, J pr 
129, 344) Reactions — 1 Bromine forms a 
di and a tri bromo derivative — 2 Cyanogen 
chloride passed into an ethereal solution forms 
ethoxy phenyl cyanamide, [94°], o- 
amido phenetol hydrochloride being ppd. 

• 20gH4(NH ) OEt + CNCl = 

CeH4(NH2)OEtHCl + CgH4(NH ON) OEt 
(^erlinerblau, J pr [2] 30, 98) Chloro 
acetate — C«H4(NH2)(OEt)CH2Cl CO2H (Vater, 
J pr [2] 29, 288) 

Ethylene derivative C2H4(0 ^0^2)2 

[128°] By reducing the ethylene ether of 
nitro phenol with Sn and HCl Properties — Tri- 
inetrio plates (from alcohol or water) Feels 
gieasy Insoluole in cold water, soluble in alco 
hoi, ether, chloioform and benzene Forms a 
bluish black solution with H^SO^ Fe^Clg gives 
a sepia brown colour K Or 0, and HCl give a 
brownish red colour (E Wagner,/ pr [2] 27, 201) 
Salts — B"2HC12aq Silver grey glittering 
flat needles grouped in tufts (Irom water) The 
acetate is extremely soluble The sulphate is the 
least soluble salt, it crystallises in pearly plates 
but, like the oxalate, it readily becomes oxidised 
Diacetyl derivative — [226°J Needles 

Oxethyl derivative — 

HO C2H4 0 CgH^ NH2 [90°] Got by reducing 
BzO C2H4 0 CgH^ NOj (t; 0 Nitro phenol) by Sn 
andHCl (Weddige, / pr 132, 252) Properties — 
Colourless plates, slightly soluble in water, readily 
soluble in alcohol, ether and boiling benzene 
A feeble base Benzoyl derivative 
BzOC2H,OCeH4NH2 [c 100°] Got byre 
ducing the benzoyl derivative of the oxethyl 
ether of 0 Nitro phenol (g v ) 

Amido ethyl derivative 

NHj C2H4 0 CgH^ NHj 

Anhydro benzoyl derivative 
.NH O^CgHg 

pN [151°] V 0 Nitro phenol 
\0 CgH/ 

m Anudo-phenol CgH4(NH2)(OH) [1 3] 

From m nitro phenol by reducing with Sn 
and HCl (Bantlin, B 11, 2106) The free base 
IS extremely unstable Its hydrochloride, B'HCl, 
IS formed by reducmg bromo m nitro phenol 
(Pfaff, B 16, bl3) 

Methyl derivative CaH4(NHj)(OMe) 
fw Anisidine (251°) Salt —B'HCl (Pfaff) 

Ethyl derivative CgH4(NH2)(OEt) (l80°- 
205^^) at 100 mm From the mtro compound 
by Sn and HCl (P Wagner, J pr [2] 32, 71) 
A yellowish liquid, turning red in air Salts — 
B'aHjjSnOl^ plates — ^B'HCl silky grey needles , 
insol * ether, sol water and alcohol — 
B'2H2S04 l^aq — ’‘B'2H2C204 brownish plates — 
»‘B'HBr (Staedel, B 16, 29) Acetyl deriva- 
tive OaH4(NHAc)(OEt) [97°] Glittering white 
plates (from water) 

Ethylene derivative C2H4(0 C4H4NH2)^ 
[1,35°] Obtained by reducing the corresponding 


nitro compound Short pnsms (from alcohol) 
SI sol hot water, sol hot alcohol and benzene^ 
si sol ether Forms crystalline salts 

p Amido-plienolCeH4(NH2)(OH) [1 4] [170°] 
(S a C ) [c 184°] (L ) S 1 1 at 0° S 
(alcohol) 4 5 at 0° 

Preparation — 1 From p nitro phenol by 
reducing with iron and acetic acid (Fntzsche, 
A 110, 166) or Sn and HCl (Schmitt a Cook 
K 3, 61) — 2 From amido salicylic acid by 
distillation (Schmitt, B 1, 67) — 3 From mtroso- 
phenol (Baeyer a Caro, B 7, 965) 

Properties — Crystalline, but very unstable 
May be sublimed (S a C ) In capillary tubes 
it turns brown at 140° and melts at 1^° with 
decomposition (Lossen, A 175, 296) 

Salts— B'HCl S 71at0° S (alcohol) 
10 Turns brown in air — B'HOAo [183°] 
S 11 at 0° S (alcohol) 8 3 at 0° 

Reactions —1 Bleaching powder solution 
added to a cold solution of p amido phenol 
hydrochloride forms quinone chloro imide, but 
if added to a hot concentrated solution of the 
salt it forms a mixture of tri and tetra chloro 
quinones — 2 Bleaching powder added to a solu- 
tion of p amido phenol in fuming HCl at 0° 
forms pure tri chloro quinone — 3 Chlorine gas 
passed in excess into a solution of p amido- 
phenolmfummgHCl forms pure tri chloro amido 
phenol (Schmitt a Andresen,/ pr 131,435) The 
observation that chlorine converts p amido 
phenol hydrochloride m aqueous solution into 
quinone chloro imide, while in presence of cone 
HCl chlorine converts p amido phenol into tri 
chloro amido phenol, is explained by the fact 
that quinone chloro imide is changed by cone 
HCl into chloro p amido phenols In this de 
composition the hrst reaction is 

This reaction is similar to that between 
chloride of nitrogen and HCl 

NCI, + 4HC1 = NH4CI + 801,. 

Hence both ammonia and amidogen are pro 
tocted by cone HCl from the action of chlorine 
4 Acts on quinone as follows 

3CgH402 1- 2NH2 C«H40H » 

2CgH4(OH)2 -f- CgH2(NH2 CgH, 0H)202. It is best 
to use the hydrochloride of p amido phenol in 
hot aqueous solution , the product, which sepa 
rates on cooling, is sparingly soluble in the 
usual menstrua, and does not melt below 290° 
(Zincke a Hebebrand, A 226, 70) — 6 HCl, 
NaNOj, and KgSO, produce p diazo phenol 
sulphite, HO CgH4 N, SO,H (Reisenegger, A 221, 
316) — 6 Cl CO^Et forms p oxy phenyl carbamio 
ether, HO NH C02Et [120°] —7 A mixture 
of HCl and potassium cyanate produces p oxy 
phenyl urea, HO 0,H4 NH 00 NH, [168°]— 8 
HCl potassium sulphocyamde produce, when 
the solution is evaporated, p oxy -phenyl thio- 
urea, HO C,H 4 NH CS NH, [214°] —9 CS, pro- 
duces di oxy di-phenyl-thio-urea, 

CS(NH CA OH), 

Acetyl derivative C,H,(NELAc)(OH) 
[179°] Large white pnsms, obtained by re 
ducing p nitro phenol with tin and glacial acetic 
acid (Morse, B 11, 282) 

Benzoyl derivative 0*H4(NHBa)(OH) 
[227°] From p-amido phenol and BzCl 
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(HUbner, A 210, 878) Neeules, insol water, 
alcohol, and petroleum, si sol hot alcohol 

Amido phenyl benzoate OaH4(NH2)(OBz) 
[164®] Obtained by reducing p nitro phenyl 
benzoate Plates , sol boiling alcohol, and water, 
▼ e sol glacial acetic acid 

Di-acetyl derivative C„H4(NHAc)(OAc) 
[161°] From p amido phenol and kc^O 

Di benzoyl der IV a tiveG H4(NHBz)(OBz) 
[281°] From p amido phenol and BzCl 

Methyl derivative CaHj(NH )(OMe) 
p Anisidine [56°] (246^) From p nitro anisol 
(Brunk, Z 1867, 205 , Salkowski, B 7, 1009) 
Formed also, together with COo, when anisoyl 
hydroxylamine is distilled (Lessen, A 175,296) 
Tables (from water) B'HCl long needles 
B'jHjPtCle 

Ethyl derivative (253") 

Obtained by reducing p nitro phenetol 
(Halloch, B 14, 37) 

Ethylene derivative C^H^(0 CgH,NH 
[c 170 ] By reducing the ethylene ether of 
p nitro phenol {q v) Properties 
which turn brown in the air Crystallises from 
alcohol or from water Very soluble in hot ben 
zene, less soluble in CHCl, or ether Forms a 
deep blue colour with K Cr 0, and HCl Fe 01^ 
gives a cherry red (E Wagnei,/ pr ^2] 27, 206) 
Salt — B"2HC1 long thin needles grouped con 
centrically The acetate is deliquescent The 
sulphate is the least soluble salt The oxalate 
IS but slightly soluble 

(a) Di amido phenol C,H3(OH)(NH2)2 [1 2 4] 
From (a) di nitro phenol (Gauhe, A 147, 6b , 
Stuckenberg, B 10, 385 , Post a Stuckenberg, 
A 205, 66) The free base is extremely unstable 
Salts — B"2HC1 Precipitated by adding 

cone HCl to its aqueous solution Small prisms 
insoluble in cone HCl, and in absolute alcohol 
Dilute solutions are turned violet red by Fe Cl* 
or bleaching powder (H Kohler J pr [2] 29, 
270) -B"2HI -B"H2SO,2aq tables 
Di benzoyl derivative 
CeH8(NHBz)20H (?) [187°] From the hydro , 

chloride and BzCl Pale red leaflets , sol alcohol, 
chloroform, and aniline, si sol ether, insoi 
water Forms a nitro dernative [c 169°] 

Tri benzoyl derivative 
C8 H,(NHBz) 2 (OBz)(?) [233°] Bhombohedra, 

msol alcohol, chloroform, and ether , sol 
aniline 

(3) Di amido phenol C6H,(NH2)20H [2 6 1] 
The free base is very unstable , its hydrochloride 
IB got by reducing the corresponding di mtro 
phenol (Post a Stuckenberg, A 20o, 79) 

Salts — B'2HC1 thick pointed prisms, v 
Bol water, si sol alcohol B"H 2 S 04 yellow 
needles 

Di benzoyl derivative C,H,(NHBz)20H 
[209°- 213°] Minute crystals, soL alcohol, si 
sol benzene 

Tri benzoyl derivative 
CA(NHBz}(NBz 2 )(OH) [184°] SoL warm 
KagCOjAq, msol chloroform 

Tetra-benzoyl derivative 
C;H,(NBz 2 )(NBzj)OH [182°] Leaflets, msol 
water, sol warm NaoCO^Aq, alcohol, benzene, 
and ether 

Di amxdo phenol OACO^CNHj)-. [18 4] 
Hydrochloride B''2HCL— formed by 

kcatmg ethozj-j) amido phenyl oarbanue ether, 


C8H,(0H)(NH2)NHC02Et with fuming HCl 
(H Kdhler, J pr [2] 29, 269) Oblong plates 
Very soluble in coAc HCl and in absolute alcohoL 
Dilute solutions are turned blood red by Fe^Cl, 
or bleaching powder 

Tri amido-phenol C,,H2(NH2),OH [2 4 6 1] 

Formation — 1 From picric acid by reduction 
(Heint/el, Z 1867, 338, B 1, 111 , Bambergei, 
B lb, 2400) —2 From picramide, Sn and HCl 
(Hepp, A 215, 350) The free base is unstable 
The salts give a blue colour with a large quantity 
of water containing air In cone sblution Fe2Cl, 
gives deep blue glittering crystals of amido di 
imido phenol (Hemtzel) 

Salts — B'"3HC1 — B'"23H2SO, — B'"H,SnCl8 
llaq — B'"HIH SO,2aq — B"'HIH3PO,2aq 
B'" H^FeCy^ If the hydrochloride is boiled 
with HCl di amido dioxy benzene is gt^t 
(Salkowski, A 174, 2b0) 

Tri acetyl derivative CgH (NHAc)30H 
[263°] From the hydrochloride of tn amido 
phenol by heating with NaO^c and kefi White 
plates, soluble in acetic acid, hot alcohol, water, 
aqueous acids and alkalis, very sparingly in 
benzene and acetone , by HNO„ CrOj or Fe^Cl, 
it is oxidised to the tetra acetyl derivative of 
tetra amido di oxy diphenyl quinone 
CgH(NHAc) (OH) 0 

I I (Bamberger, B 16, 2400) 

CgH(NHAc)2(OH) 0 

Reaction — Tn amido phenol hydrochloride 
IS converted by bromine water into ‘bronio 
dichromazin’ C,HHgNsBr,,07 This body 
separates from alcohol in yellow needles with 
feeble violet dichroism Boiling dilute H bO, 
converts it into ‘bromodichroic acid* 
C,^H,Br,,0,, and ammonia Bromine converts 
bromodichromazin into hexa bromo acetone 
(Wedel a Gruber, B 10, 1137) 

Tetra amido phenol 
Ethyl ether, hydrochoride 
C^H(NH2)4(OEt),2HCl By reducing the product 
of the action of HCl upon tri nitro ethoxy phenyl 
urethane —(1) CgH(N02)8(OEt)(NH CO^Et) + HCl 
= CO3 + EtCl + C„H(N02)3(0Et)NH2 

(2 ) CgH(N02)s(OEt)NH2 + 9 H 2 = 

C3H(NH2)40Et + 6H20 

Properties — Crystallises from dilute alcohol 
Insoluble m absolute alcohol, very soluble in 
water Does not melt at 360° Beduces solu 
tions of Au and Pt A feebly acid solution gives 
with Fe2Cl, or bleaching powder the following 
succession of colours dark green, violet red, red 
dish brown, yellowish brown, yellow, colourless 
AMIDO PHENOL 8ULPH0NIC ACID 
CgH^NSO^ te C«H,(NH2)(0H)HS0, [2 14] 

8 1 at 14° Prepared by reduction of 0 nitro 
phenol sulphomc acid or by sulphonation 0/ 
o amido phenol Large colourless crystals like 
calc spar Does not form salts 

Amhde CgH3(NH3)(OH)(SO„ NHPh) [206°] 
Colourless needles , soluble in alcohol, acetic acid, 
and benzene insoluble in ether 

Benzoyl derivative CgHj(NHBz)(OH)(8p,H) 
Salts — NaA4^aq colourless needles, soluble 
in water a alcohol — BaA 2 , colourless spangles, 
sparingly soluble ~CaA'34^aq sparingly soluble 
colourless scales (Post a. Holst, B 18, 617 , A. 
205, 49) 

l>>Amido*phexiol sulphonie acid 
(^H,{0H)(NH,)S03H [1 4 2] S 07 at 14°. 
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Formation — 1 From^ amido phenol hydro 
chloride and fuming BL^SO^ ^Post, B 6, 397) — 
S From p nitro phenol sulptionic acid (Post a 
Holst, B 13, 617) — 8 Together with azoreso 
rufin by heating a mixture of resorcin and nitro 
benzene with H^SO^ (Brunner a Kramer, B 17. 
1867) —4 From quinone chloro imide and cone 
Ka^SO, (Schmitt a Bennewitz, J pr [2] 8, 7) 
Properties — White glistening needles , si sol 
cold water, v si sol alcohol, msol ether Does 
not combine with acids, but forms metallic salts, 
e g Ba(0 CaH5(NH,JS03) Beduces cold am 
moniacd AgNO, Turned violet by FejClj Not 
ppd by lead acetate 

Anilide C„H3(0H)(NR,)S02NPhH [98°] 
Small colourless crystals , v sol alcohol, acetic 
acid, and benzene , insol ether 

p-Amido-phenol di sulphi.nic acid 
(?,H,(0H)(NH,)(S03H)2 [1 4 2 6] (?) From ben 
zene azo phenol tri sulphonio acid {q v ) by 
ammonium sulphide (Wilsmg, A 215, 2J6 , Lim 
pricht, B 15, 1293) White silky needles Deli 
quesoent , si sol alcohol, msol ether Solution 
gives with Fe^Clg a deep violet colour Its 
alkaline solutions show blue fluorescence for a 
short time Salts — KHA"aq slightly sol cold 
water — NH^HA"aq — PbA"aq 

0 AMIDO DIPHENYL C,2H,,N %e 
C.Hj NH^ [1 2] [45®] From o nitro 

diphenyl with tm and glacial acetic acid (Hub 
ner a Luddens, A 209, 351) 

Salts — B'HCl needles —B'jH^PtCla 4aq 

orange leaflets 

p Amido diphenyl CyH^ NHj [1 4] 
Xenylamine , Martylamine [49 ’] (320®) 

Occuis in the high boiling fractions in the pre 
paiation of aniline (Hofmann, Pr 12 389, G 
Schultz, A 174, 212 , Osten, B 7, 171) Pre 
pared by reducing p nitro-diphenyl with tin and 
HCl (Hubner a Obten, A 209, 339) Colourless 
leaflets, sol hot vater, alcohol, and chloro 
form 

Salts — B'HCl leaflets — B'^H^PtCl, 2aq , 
yellow leaflets, si sol alcohol — B'HNOj pearly 
leaflets — B' H SO^ leaflets v si sol water, si 
sol alcohol — B'^H^C^04 long needles, sol water 
and alcohol 

Acetyl derivative CaH^ C^H^ NAcH 
[107°] Long needles , v si sol water 

Benzoyl derivative CaHj C^H^ NBzH 
[230 ] Leaflets , msol water, v si sol alcohol 
Formyl derivative C^Ha C„H^ NH CHO 
[172°] Prepared by heating p amido diphenyl 
with ethyl formate at 100° Minute needles, 
sol ether, si sol alcohol, v si sol water (Zim- 
mermann, B 13, 1907) 

p Amido diphenyl sulphonio acid 
C, Hh(NH,)SOjH [above 300°] Formed by 
Bulphonation of p amido diphenyl (Carnelley a 
Schlevelman, C J 49, 380) Insol water 

Salts — NaA'2aq colourless needles, m sol 
water — BaA'2 4aq, v si sol water 

0 p Di amido-diphenyl Cj^HjjNj t e 
[1 2] NH, C«H, C^H^ [1 4] Jso benzidine 
(^) or (5) Di amido di phenyl Diphenyline 
[45®] (363°) (Schultz, A 207, 348) 

Formation — 1 From o nitro p amido di 
phenyl (Schultz, B 9,548, 14, 612) -2 From 
di amido diphenyl carboxyho acid (Strasser a. 
Bchultz, A 210, 193) 

Preparation, — An alcoholic solution of azo 


benzene (100 g ) is heated with a solution of SnOl, 
in cone HCl , the liquid is evaporated to dryness, 
the residue dissolved m water and benzidine is 
ppd as sulphate (100 g ) while o _p di amido 
diphenyl sulphate (30 g ) remains m solution 
(Schmidt a Schultz, B 12, 482) 

Properties — Long needles, v si sol water 
Salts — B"HC1 laminaa — B"2HC1 needles. 
— B"H2 SOj prisms —B"3H2 SOj 

Di acetyl derivative CuHioACjNj [202®] 
m m Di-amido diphenyl 

[1 3] NH^ C„H, C«H, NH, [1 3] From the nitro 
compound (Brunner a Witt, B 20, 1028) Crys 
tala, si sol water — B"H2S04 — B"H2PtCl, 

Di acetyl derivative [258®] Long 
needles 

p p Ai Amido diphenyl Benzidine 
[1 4] NHj C„H, C«H, NH2 [1 4] Xenylene di 
amine [122®] (above 360°) 

Formation — 1 By the reduction of azo 
benzene or of azoxybenzene in alcoholic 
solution by SOg (Zinin, A 85, 328) — 2 From 
azobenzene by SnCl^ and HCl {v sup ) — 3 By 
heating azobenzene with fuming HCl (Zinin, 
A 137, 376), HBr (Wengo, A 166, 202), or 
HI (Senziuk, Z 1870, 267) in sealed tubes — 

4 By reducing nitro benzene with sodium amal 
gam in presence of acetic acid, the product 
being treated with H^SO^ (Wengo, A 135, 176) — 

5 From nitro benzene, alcoholic NaOH, and 
zmo dust and subsequent treatment with acid 
(Alexejeff, Z 1867, 497) —6 #rom di amido di 
phenic acid by distilling with BaO (Schultz, A 
196, 29) —7 From p amido p nitro diphenyl by 
Sn and HCl (Fittig, A 124, 276) —8 From 
pjp di nitro phenyl by tm and HCl (Schultz, A 
174, 227) — 9 From hydrazo benzene by treat 
ment with mineral acids 

C^H, NH NH C^H^ = NH^ C„H, NH^ 
Preparation — T o p di amido diihenvl 
Properties — Silvery scales, may be sublimed 
Sol hot water, v si sol cold water, v e sol 
alcohol and ether 

Salts — B"H2S04 small scales, v el sol 
water and alcohol — B"2HC1 laminae, v sol 
water and alcohol — B"HC1 long needles, si 
sol ^^ater, ppd when a large excess of water is 
added to the preceding salt — B"2HNO^ four 
Bided laminae, sol hot water — B"2H2C204 
groups of silky needles, m sol water and 
alcohol — B"C4H303 laminae, sol water 

Reactions — 1 Even very dilute solutions 
give with potassic bich? ornate a deep blue pp 
(Julius, Jlf 4, 193)— 2 KaFeCja gives a blue 
pp — 3 Chlorine water gives a blue colour soon 
becoming red — 4 Exhaustive chlorination with 
SbClj gives per chloro diphenyl and per chloro 
benzene (Merz a Weith, H 16, 2874) — 6 If very 
dilute bromine water be poured upon a solution 
of benzidine in CS2 the upper layer becomes 
blue, excess of bromine destroys this colour, tha 
lower layer then turning red (Claus a Eisler, B 
14, 83) 

Acetyl cf cr 1 vaf t ve NH^ CgH^O^H^NAcBh 
[199®] Needles, si sol water 
Diacetyl derivative 
NHAc CA C«H4 NAcH [317®] Nearly msolnblo 
m all solvents 

Di formyl derivative 
I crystalline powder, sublimable, msoluble m aJl 
ordinary solvents except nitrobenzene Formed 
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by heating hydrazobenzene or benzidine with | 
formic acid 

Dt henxoyl derivative 0,2H8(NHBz)j 
colourless needles or pearly plates , msol 
alcohol, ether, and aniline , sol nitrobenzene 
Pormed by heating hydi azobenzene or benzidine 
with BzOl (Stem, B 17, 879) 

Di phthalyl derivative 
[above dbO°] silky yellow needles, sol hot 
mtro benzene , msol most other solvents 
Formed by heatmg benzidine or hydrazobenzene 
with phthalic anhydride (Bandrowski, B 
17, 1181) 

Oxalyl derivative (CgH^ NH)2C^02 An 
insoluble powder, obtamed by heating benzidme 
oxalate at 200° 

Benzidine v sulphonic acid 
HjN CeH4 CaH^ NH SO,H Formed by heating 
an alcoholic solution of azobenzene with hydric 
ammonium sulphite (Spiegel, B 18, 1481) 

Gelatinous pp It gives colourless crystalline 
■alts 

The HSO, is readily split off with production 
of benzidine by dissolvmg the acid m strong 
H2SO4 

Benzidine aulphonio acid (1) 

C8H,(NHJ(S03H) (?) Hydrazo ben 
eene sulphonic acid C^Hj NH NH CgH^ SOaH (*?) 
Ppd by adding HCl to the product of the action 
of H^S on an ammoniacal solution of azo benzene 
sulphonic acid (Griess, A 164, 218) — Yellow 
needles or plates (from water) — BaA'j plates 
The free acid is decomposed by solution m 
aqueous NH3 into benzidine and HjSO^ The 
above azobenzene sulphonic acid is converted 
by potash fusion into p oxy azobenzene, and 
would therefore appear to be a sulphonic acid, 
in which case it is not clear how the conversion 
into a benzidine derivative could be effected If, 
however, the acid is hydrazo benzene sulphonic 
acid, we must assume that the benzidine trans 
formation here takes place in alkaline solution, 
by displacement of bOjH In any case the 
remov^ of SOgH by ammonia is peculiar 

Benzidme sulpbonio acid 
C,2H,,N2(S08H) 2iaq Obtained by heating (o) 
benzidme disulphonic acid with water at 210° 
(Limpricht, B 11, 1048) Yellow needles (from 
alcohol) , V sol water — KA'4aq — BaA'34aq — 
PbA'aSaq 

Chloride Ci2HnN2(SOjCl) [above 240°] 

Benzidme disulphonic acid 
[4 8 1]C8H,(NH2)(S0,H) CA(S0,H)(NH2)[1 3 4] 

B 08 at 22° From azo , or azoxy , benzene 
disulphonic acid by reduction with SnClj, sodium 
amalgam, or NaOH and zinc dust, followed by 
treatment with a mineral acid (Mahrenholtz a 
Gilbert, A 202, 387 , Brunnemann, A 202, 344 , 
liimpncht, B 14, 1369) Monoclmic prisms 
(with 8aq) Dilute HCl at 230° gives benzidine 
and H2SO4 Nitrous acid diazotises this acid — 
Na2A"8|aq — K3A"liaq — CaA"4aq — BaA"4aq 
•— PbA"4aq 

Benzidine di sulphonic acid 
Ci,H 4(NH2)3(SO,H)2 From benzidine and fuming 
Ei3S04 at 170° Small white plates , v si sol 
water, msol alcohol and ether (Griess, B 14, 
800) Salts — BaA"6aq white plates — 
BaA"2aq needles — white orystallme 
W?* 


Benzidine (a)-di sulohonio acid 

0,2H,4N3(S0gH)2 Hydrazo benzene di stilphomo 
acid (?) Prepartid by reducing potassium azo- 
benzene (a) di sulphonate with SnC^ (Limpricht, 
B 14, 1357) Tables (containing 2aq) , si sol 
cold water, v si sol alcohol — K^A' 3aq — 
BaA"aq — ’‘AgjA" white pp — PbA' needles, 
si sol cold, V sol hot, water 
Benzidine tetrasulphonio acid 
C,2H8N,(S03H)4 Prepared by sulphonation of 
the preceding with fuming H2SO4 — Ba2A""14aq 
large pnsms, v sol hot water, si sol alcohol — 
(Limpricht, B 14, 1548) 

Other sulphonic acids of benzidine 
Benzidine heated with a large excess of fuming 
H2SO4 above 170° forms a mixture of di , ttli , 
and tetra , sulphonic acids, and di amido di 
I phenylene sulphone sulphonic acids (Griess, ^ 
18. Kef 88) 

Benzidine di oarboxylio acid v di Amido di 

PHENIC ACID 

Benzidme tetra oarboxylio anhydride 

[above 360°] Formed by the action of an HCl 
solution of SnCl on azo benzene tetra carboxylic 
acid (azo phthalic acid) Light yellow tasteless 
powder Insol water, alcohol, ether, or dilute acids 
With alkalis it gives anhydride salts — 
C,2H8N2(C20,)(C02K)3 5aq large prisms 
Ci^HgN^jC 03)(C02Na) aq small needles 
CijHgN^^C Oj)(CO Ag) fine powder 
C,2H8 N (C OjKCO ) Pb amorphous powder 
C,2H8N2(C203)(C0 NH4)(C0 H) transpaient 
prisms (Claus a Hemmann, B 16, 1759) 

Di amido diphenyl CjjHj^N^ Iso benzidine 
[125°] Occurs among the products obtamed by 
passing aniline through a red hot tube (Bernth 
sen, B 19,420) White iridescent plates, si sol 
water Its aqueous solution gives no colouration 
with potassic ferncyanidey and a greyish brown 
pp with chlorine water The solid base is 
turned greenish black by strong HNO, The 
sulphate is sparingly soluble 
Tetra amido diphenyl 

[8 4 1] (NH2)2C,H3 C3H3(NH2)2 [1 3 4] Obtained 
by reducing di nitro p p di amido diphenyl 
(Brunner a Witt, B 20, 1025) Silvery plates 
a AMIDO-PHENYL-ACETIC ACID CsH^NO,. 
t e CflHj CH(NH ) COjH Phenyl amido acetic 
acid [256°] Formed by heatmg a bromo 
phenyl acetic acid with NHgAq (S G 9) at 100° 
(StSckenius, B 11, 2002) , or by saponifying its 
nitnle, obtamed by the action of alcoholic NH, 
on the cyanhydrin of benzoic aldehyde (Tiemann 
a Friedlander, B 14, 1967) White leaflets or 
pnsms , may be sublimed 81 sol cold water, 
m sol hot water It forms unstable salts with 
bases, but more stable salts with acids, though 
these are decomposed by water Distilled with 
lime, it gives benzylamme (Tiemann, B 13, 388) 
Salts — B'HCl tnmetrio prisms — B'HN 0,. 
— B'H^804 — B'H20204 — AgA' pnsms, v si sol 
water — BaA'j small white plates , v sol hot 
water — MgA'alaq plates, si sol water 

Amide The hydrochloride forms thick 
pnsms, si sol alcohol 

Nitrile 0ACH(NH2)CN Yellow oil 
(t? sup) 

m Sulphonic acid 

C,H4(S0,H) CH(NH4) CO3H Minute needles, bL 
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m 


loL cold water, msot ether (Pldchl a Lo3, B 

18, 1182) 

0- Amido-phenyl-acetlo acid When o mtro- 
phenyl acetic acid is reduced the product is not 
o>amido phenyl acetic acid but its anhydride, 
oxmdol {q v ) (Baeyer, B 11, 683) 
m Amido phenyl acetic acid 
CeH,(NHj) CH^ COjH [13] [148*^ Formed 

by reducing m mtro phenyl acetic acid (Gabriel 
a Bergmann, B 16, 2066) 

Nitrile CaH4(NH2) CHj ON m Amido 
benzyl cyanide A liquid obtained by reducing 
m nitro - phenyl acetonitrile (Salkowski, B 
17, 606) 

* p Amido phenyl-acetic acid 

C J1,(NH2 ) CHj CO^H [1 4] [200®] From p- 

nitro phenyl acetic acid (Badziszewski, B 
209 , Bedson, C J 87, 92) White needles 
(from water) , v si sol cold water 

Nitrile C«H,(NR,) CH CN p Amido 
benzyl cyanide [46°] (312°) V D 4 78 (for 4 66) 
Formation — 1 From p mtro benzyl cyanide 
(Szumpelik, B 3, 474 , Gabriel, B 16, 834) — 
2 As one of the products of the reduction of a- 
p di mtro cinnamic ether {q v) by tin and HCl 
(Friedlander a Mahly, A 229, 229) The yield 
IS 15 pc of the substance used Properties — 
Satiny plates (from water) Sol acids Gives 
a di bromo derivative HCl at 130° converts 
It into amido phenyl acetic acid Salts — 
B'^HJPtClg — B'jH^SO^ Acetyl derivative 

NHAcCH.CHjCN [97°] Slender needles, 
V sol alcohol and ether Di acetyl den 
vative NAcj CgH4 CHjCN [153°] Glistening 
needles Sol boiling water, benzene, and CSj, 
b 1 sol alcohol 

Di anudo phenyl acetic acid 
C,H,(NH.), CH CO^H [4 3 1] Formed by re 
ducing (3, 4, 1) mtro amido phenyl acetic acid 
(Gabriel, B 16, 1996) Short flat crystals (with 
aq) SI sol hot alcohol, insol ether, CSj, chloro 
form, and benzene Sol acids and alkalis 
a w Di amido phenyl acetic acid 
[1 3] C,H4(NH2) CH(NH2) C0,H [214°] Formed 
by reducing m mtro phenyl a amido acetic acid 
with tin and HCl (Plochl a Lo^, B 18, 1181) 
Hat silvery needles 

Salt — * CuA'j blmsh green crystalline pp 
0 AMIDO PHENYL ACETYLENE CgH.N le 
CaH4(NH2) C CH Yellowish oil Prepared by 
reduction of o mtro phenyl acetylene with zinc 
dust and NH, It forms yellow pps with am 
momacal AgNO, and CuaCl^ 

B'HCl soluble yellow crystals 
Reaction — Converted by H28O4 (12pts ) and 
(4 pts ) into o amido acetophenone (Baeyer 
a Bloem, B 17, 964) 

Acetyl derivative [76°] Colourless 
needles (Baeyer a Landsberg, B 16, 60) 

Di o amido di phenyl diacetylene 
CeH4(NH2) COCO CeH4(NH2) [128°] Pre 
pared by the action of a solution of potassium 
femcyanide on the cuprous compound of 0 amido 
phenyl acetylene Long yellowish needles Sol 
alcohol, ether and acids, insol water 
B"H301, colourless soluble crystals 
Di-aeetyl derivative [231°] Long 
DeedJes (Baeyer a Landsberg, B 16, 60) 


(B 2) AMIDO (A) PHENYL ACEIDINK 

C,H4/ I \cA(NH,) 
\CPh-^ 

Formed by heating phenyl^ phenylene diamine 
CgH4(NH2) NHC^Hj with benzoic acid and ZnCl, 
(Hess a Bernthsen, B 18, b92) Amorphous 
solid Easily soluble in ordinary solvents The 
solutions of the base are yellow, the benzene 
and ethereal solution having a splendid green 
fluorescence It dyes silk a brownish yellow 
The solutions of its salts are red 

Di amido phenyl acridine v Chrysaniline 
AMIDO PHENYL ALANINE t; Di amido- 

PHENYL PROPIONIC ACID 

AMIDO PHENYL AMIDO- v Di AMIDO- 
PHENYL 01 Phenyl di amido- 

AMIDO DI PHENYL AMINE C.jH.jN, i^ 
NH2 C«H4 NH CeHj [61°] Prepared by the 
reduction of mtro di phenyl armne or of phenj 1 
amido benzene azo benzene, or its sulphonic acid 
{TropcBolin 0 0 ) (Nietzki a Witt, B 12, 1399) 
Thin laminffi Gives qumone on oxidation 
Salt B'2H2S04 silvery laminffi, si sol water 
Acetyl derivative Ci^HuAoNj [168°] 
p p Di-amido-di-phenyl-amine 
NH2 CeH4 NH C^H, NH2 [158°] Formed by 
reduction of aniline black Prepared by re- 
ducing (o) di mtro di phenyl amine (N a W ) 
Acetyl derivative [239°] 
Di-amido-di-phenyl amine Prepared by re- 
ducing (jS) di mtro di phenyl amine Liquid 
Salts — B"H2Cl2, si sol water -B"HPtClfl 
Acetyl derivative [203°] 

Tn amido tri phenyl amine (CgH4 NH )8N 
[230°] Formed by the reduction of tn mtro 
tn phenyl amine by SnClg (Heydnck, B 18, 
2157 , 19, 759 ) 

Salts — B'"3HC1 needles Its solution 
exhibits the following colour reactions blue, 
turning violet with Fe Cl^, bluish green with ppd 
Mn02 , blue with K Cr^O, , red with chloraml 
in acetic acid (but if in this case the free base is 
used the colour is bluish green) — B'^'^SH^PtCl, 
-B'"(C8H2(N02)30H)3 

Tn acetyl derivative N(OaH4 NHAc), , 
needles which do not melt below 240° 

AMIDO-PHENYL BENZGLYCOCYAMINE v 
Amldo di phenyl guanidine carboxylic acid 
p AMIDO PHENYL iso BUTANE C.oH.jN le 
C4He C8H4NH2 Butxjl phenylamine Amido 
butyl benzene (230°) S G ^ 937 From aniline 
hydrochlonde (10 g ) and iso butyl alcohol (8 g ) 
by heating for 6 hours at 230° (A Studer, A 
211, 237 , B 14, 1472, 2186 , Pahl, B 17, 1232) 
Colourless oil , v si sol water, volatile with 
steam Miscible with alcohol or ether Nitrous 
acid converts it into butyl phenol 
Salts -B'HCl — B'HBr — B'HI 
Acetyl derivative [170°] lamina 
Formyl derivative C,oH„ NH CHO 
[69°] laminffi (Gasiorowski a Merz,B 18, 1009) 
AMIDO - PHENYL - BUTINENE C,oH„N 
(8) (1) /CH 

probably 0,H4(NEy CH* CH< U [98°]. 

>CH 

(272° at 718 mm) VD -4 96 (for 6 02) 
Formed by reduction of t»-mtro-«-methyl om- 
namio aldehyde m alcoholic solution with tm 
and HCl Colourless glistening plates Sublimes 
at 100° lieduces ammoniacal AgNO* XAs 



17$ 


AMTBO-PHENYL-BUTINENE 


bydroohlonde, suTphate and nitrate are easily 
soluble in water The hydrochlonde forma 
colomlesa glistening plates B' 2 H^CL^t 0 l 4 2aq 
Blender needles 

Acetyl dertvative C,oH,oNAo [140"] 
colourless concentric prisms 

Benssyltdene derivative CHPh 

pS®] concentric light yellow needles Formed 
by heating the base with benzaldehyde (Miller 
a. Kinkelm, B 19, 1249) 

o-AMIDO PHENYL CARBAMIC ETHER 

i e HgN NH CO_jEt o Amido 
phenyl urethane [8b°] Formed by reducing 
o nitro phenyl carbamic ether (Rudolph, B 12, 
1295) Long colourless needles , sol water 
Salt — B'HCl large tables 
p Amido phenyl carbamic ether Amido 
tarhamlic acid [74'] Formed by reducing 
p nitro phenyl carbamic ether (Hager, B 17, 
2626 , Behrend, A 233, 10) Needles (from 
dilute alcohol) , insol water 

Salts — B'HCl long needles — B'H^SO^ — 
B'H^ 0^04 needles, sol hot water, si sol cold 
water — ^B'^H^PtCl,. brown pp — (B'HCl) 8 SnCl 4 
B'^SnCl.aq — (B'HCl) 4 HgCl 2 

Benzoyl derivative C 8 H 4 (NHBz) NH CO^Et, 
[230°] needles , si sol alcohol, insol water 
Di p amido di phenyl carbamic ether 
(C 8 H 4 NH )^N CO^t Di p amido di phenyl 
amine urethane [ 101 °] Formed by reduction 
of di p nitro di phenyl carbamic ether Violet 
needles ( + aq) Soluble in water 
Di benzoyl derivative 
(C 8 H 4 NHBz) N CO^Et [235°] nearly colourless 
amorphous solid (Hager, B 18, 2576) 

DI AMIDO DI PHENYL CARBINOL 
C„H, 4 N 40 I e C«H 4 (NHJ CH(OH) C,H 4 NH 2 
(3) Di amido benzhydrol [128°-129°] From 
($) di amido benzophenone [149°] and sodium 
amalgam (W Staedel, A 218, 350) Glittering 
plates Salts — B"2HC12aq — B"H^8042aq 
Acetyl derivative [220°] 
Di-amido-tri-phenyl carbinol CipHigNjO t e 
C 8 H,C( 0 H)(C 8 H 4 NHJ 2 [below 100°] 

Formation — By the action of aniline 
in presence of H^S 04 upon th6 chloride 
0,^8 CCl C,H4 NH 

I ^1 

Preparation — From aniline hydrochloride 
(40 pts ), nitrobenzene (45 pts ), benzo trichloride 
(40 pts ), and Fe at 180° 0^001, + 2C«H5NH2 - 
CACC1(C8H4NH,)2 + 2HC1 The mass is ex 
tracted with dilute HCl (which leaves some 
blue colouring matters undissolved) and the 
nitro benzene is distilled off by steam (Doebner, 
B 16, 234 , A 217, 242) 

Profiles — Small crystals (from dilute 
alcohol) Insol in cold water, v sol alcohol 
or benzene On heating with Mel it gives 
malachite green 

Salts —Dilute acids dissolve it m the cold, 
lormmg nearly colourless solutions which on boil 
mg (split off water and) change to deep reddish- 
violet The salts dye violet, but the shades are 
not fast. The coloured salts are probably of the 

formOAO<c^*N^ This salt tonns dark 
I /'Ol 

bine needles with coppery lustre 

Reaction — Zmo dust and HOI redooe it to 
6x amido tri-phenyl methane (q v ) 


Trl-amido tri phenyl-oarbinols v RosAwtLrNii 
DI - AMIDO - TBI PHENYL - CARBINOL 
CARBOXYLIC A‘NHYDRIDE C te 

(C.H 4 NH^),C C 8 H 4 CO 0 [265°-2b6°] SmaU 

t I 

colourless needles Is prepared by heating 
phenolphthalein with aqueous NH^ Gives a 
tetra bromo derivative [280°], and a tetra-acetyU 
tctra bromo derivative [241®] (Baeyer a Burk 
hardt, B 11 , 1297) 

AMIDO-DIPHENYL CARBOXYLIC ACID v 

Amido diphfnic acid 

DI AMIDO DI PHENYLENE KETONE 
OXIDE (so called) C„H,„N O tc C, 8 H.(NH,) 0^ 
Lactoneofovy di amido diphenyl carboxylic acid 
From the nitro compound by Sn and HCl (A €• 
Perkin, C J 43, 190) Orange needles (from 
xylene) Very slightly soluble in boiling watef 
Ruby prisms (from dilute alcohol) 

Salts — Forms two hydrochlorides — 
(B"HC1) PtCI^ — B"(2HCl)PtCl4 

AMIDO PHENYLENE OXIDE C^HsNO le, 
C„H,(NH )0 (?) Di amido di phenylene di 
nxule From nitro phenylene oxide by alcoholic 
ammonium sulphide (Marker, -4 124,251) Yel 
low needles, si sol water, v sol hot alcohol — 
B'^H PtCl, 

DI-AMIDO-DIPHENYLENE-aUINOXALINE 

/N C C,H 4 

C 8 H 2 (NH 2 ) 2 \ I II 1 Formed by the action 
\N C C,H4 

of phenanthraquinone upon tetra amido benzene 
[1 2 4 5j Orange yellow needles Nearly insol 
acetic acid Weak base Dissolves in cone 
H SO 4 with a greenish blue colour, passing 
through violet into red on dilution (Nietzki a 
Hagenbach, B 20, 338) 

AMIDO PHENYLENE UREA C,H,N,0 te, 

OC<^g>C«H8(NH ) [12 4] Formed by re 

ducing di nitro phenyl urethane with tin and 
HCl (Hager, B 17, 2631) 

Salts — B"H SnCl 4 long needles — 
B"CflH 2 (N 02 ) 30 H greenish yellow needles 

o AMIDO PHENYL ETHANE C„H„N le 
C 8 H 4 (NH 2 ) CH, CH, [1 2T 0 Ethyl phenyl 
amine o Amido ethyl benzene (211°) 

S G ^ 983 From o nitro phenyl ethane, tin, 
and HCl (Beilstein a KuhlWg, A 166, 206) 
Liquid at -10° Salt — B'HNO, 

Acetyl derivative C»Hi<,AcN [112°] 

(305°) 

Benzoyl derivative C„H,oBzN [147°]’^ 
small glittering plates (Paucksch, B 17, 2800) 
o Amido phenyl ethane sulphonio acid 
C 8 H 8 Et(NH 2 ) SOjH Formed by sulphonation of 
the acetyl derivative White needles (P ) 

p Amido phenyl ethane 08 H 4 (NH ) CHj CH, 
[1 4] p Ethyl phmyl amine ^ Phenethylamine ’ 
[-6°] (214°) S G ^ 976 From p nitro 

phenyl ethane by reduction (B a K ) or from 
aniline by heating with ethyl alcohol and 
ZnCl 2 (Benz, B 15, 1647) Formed also when 
ethyl aniline hydrochlonde is heated at 300° 
(Hofmann, B 7, 626) Colourless oil , volatile 
with steam Salts — ’‘B'HNO, small needles 
or prisms, si sol cold, v sol hot, water — 
B' 2 H,S 04 large white plates, si sol cold water, 
m sol dilute H 28 O 4 —B'HCl -B'APtCL 
Acetyl derivative 08 H 4 (NHAo) 

[96°3 (816°) 



AMIBOPHENYL-MERCAPTAN 
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BtHBoyl dertvattve C^.(NHBz)C^H- 
[161°] long needles (P ) 

w Amido-phenyl-etlume GH 2 .CH 3 NH^ 
[198°] Phmylethyl amme. 

FonncUton — 1 By dry distillation of a ajnido- 
phenyl propionic acid (g v) (Schulze a Baibien, 
J pr [2] 27, 846 , Erlenmeyer a Lipp, A 219, 
202) — 2 By action of zinc and HCl upon the 
cyanhydnn of benzoic aldehyde, or upon 
ainygdalin (Fileti, B 12, 297, 1700) —3 By 
action of bromine on an alkaline solution of 
phenyl propionamide (Hofmann, B 18 2740) 
Preparation — By reducing an alcoholic 
solution of benzyl cyanide with zinc and HCl 
(Bernthsen, A 184, 290), di phenylethyl amme 
CH 2 CH 2 ) 2 NH, and tri phenylethyl amine 
(CrtHsCH^CHj),!^, being also formed (Spica, O 
3^75, 124 , 1879, 566) 

Propel hes — Liquid , si sol water Absorbs 
CO 2 from the air, being converted into a solid 
carbonate [105°], out of which, on heating, 
another carbonate, [88°], sublimes Oxidised to 
benzoic acid by chromic mixture 

Salts — B'HCl, [217°] trimetric tablets (from 
cold alcohol) or satiny plates (from alcohol ether) 

V sol alcohol or water, insol ether — B'^H^PtCl^, 
more soluble in hot water than in hot alcohol 

Di amido-di phenyl ethane v Di amido di 

BENZYL 

ci> AMIDO TRI PHENYL ETHANE C,oH,„N 
%,e CPhj CH^-NHj [116 ] From tri phenyl aceto- 
nitrile by reduction with zinc and HCl Crystals , 

V sol ether, si sol cold alcohol The hydro- 
chloride forms needles, [247°], v si sol water, 

V sol alcohol (Elbs, B 17, 700) 

AMlDO PHENYL-ETHYLENE v Amido- 

BTYRENE 

Di-p amido-di-pheny^ ’Cthylene C,^H,^Nj te 
C^H (C„H^ NHJg Di amido shlbene [227°] 
Formation — 1 By reduction of di p nitro- 
di-phenyl ethylene with tin and HCl — 2 By 
reduction with SnCl^ of the brownish red pro 
duct of condensation (azoxy di phenyl ethylene?) 
obtained by the action of sodium methylate or 
alcoholic NaOH upon p nitro toluene 

Reactions — By mtious acid it is converted 
into a tetiazo compound which by combination 
with the sulphonic acids of amines and phenols 
yields a series of colouring matters which dye 
cotton from a soap bath Thus (a) naphthol 
sulphonic acid gives a bluish violet, (8) naphthol 
(R) di sulphonic acid a blue, (a) naphthylamine 
■ulphonic acid a red, and salicylic acid a 
yellow, colouring matter 
Di acetyl derivative 
[312°] (Bender a Schultz, B 19, 3234) 

Di-g>-ainido-di-phenyl ethylene di<oarboxylio 
C^*(NHJ C CO 

anhydride II > 0 [280°] Formed 

C;H,(NH2) C CO 

by reduction of the nitro compound (Reimer, 
B 14, 1802) Small plates Insol most solvents 
Bl-p amido di-phenyl-ethylene - di inlphonio 
aoid 03 H 2 ( 0 „H,(NHa)SO,H),. Di-amido-stilbene 
di 8ulphontc-ac%d Obtained by reduction with 
*mo dust of the brown product (azoxy or azo 
di phenyl ethylene di sulphonic acid ?) which is 
formed by boiling p nitro toluene-o sulphonic 
acid C^Me(NH.JSO,H [14 2] with aqueous 
KaOH Microscopic needles. Nearly insol 
VoL I 


water Its salts are easily soluble By nltrout 
acid it IS converted mto a tetrazo-compound 
which by combmation with ammes or phenols 
gives colouring matters which have the property 
of dyeing cotton from a soap bath (Bender a. 
Schultz, B 19, 8234) 

o-AMIDO-PHENYL-OLYOXYLIO ACID v 

ISATIO ACID 

m-Amido-phenyl-glyoxylio acid CgHjNO, t e 

C«H4(NH2)C0 CO^H [1 3] Colourless prisms or 
needles [270°-280° with decomposition] Pie 
pared by reduction of m nitro phenyl glyoxylio 
acid with alkaline FeSO^ 

Salts — A'Ag sparingly soluble crystall me 
powder — CgH^NOg HCl soluble flat prisms 
(Claisen a Thompson, B 12, 1946) 

p - AMIDO -s DI PHENYL -QUiNIDINE 
m CARBOXYLIC ACID C^H^N^Oj le 
[1 4] NH, C,H, NH C(NH) NH C«H, CO^H 
Amido phenyl henzglycocyamine Prepared by 
heating cyano-carbimido amido benzoic acid 
(v p 157) with p-phenylene-diamine (Griess, B 
16,338) Small pi isms Salt — B"H 2 Cl 2 
p amido s-di phenyl guanidine o-carboxylio 

acid. Anhydride H^N C«H, NH 

Amido phenyl benzglycocyamidine Formed by 
boiling di cyano amido benzoyl [v p 155) with 
an aqueous solution of p phenylene diamine 
(Griess, B 18, 2421) Very small white needles, 
V sol hot water, m sol alcohol 

AMIDO PHENYL HYDROXIDE v Amido 

PHENOL 

m AMIDO-PHENYL-HYDRAZINECAN.ie 

C,H 4 (NH 2 ) NH NHj Formed by saponihcation 
of the oxamic acid C,H,(NH Cp, OH) NH NH, 
which is obtained by reduction of m diazo 
phenyl oxamio acid CaH^(NH C^O^ OH) N^Cl 
with SnClj (Gness, B 18, 964) V sol alco- 
hol and ether, si sol water Very oxidisable 
Amido-phenyl-hydrazine sulphonic acid 
C«H 3 (NH,)(N,H,)(S 03 H) [8 16] Formed by 
reduction of nitro phenyl hydrazine sulphonic 
acid with NH^HS or SnClg (Limpricht, B 18, 
2194) Very soluble in water Salts — A'H,HC1 
easily soluble fine v^hite needles — A'HH^bO^ 
microscopic needles — *A'H,HNOg prisms 
AMIDO DI PHENYL KETONE v Amido- 

BENZOPHENONE 

o AMIDO PHENYL-MERCAPTAN 

C„H,NS le C 3 H,(NH,)(SH) Amido phenyl 
sulphydrate [26°] (234°) 

Formation — 1 By fusing benzenyl amido- 
phenyl mercaptan (g v ) with potash (Hofmann, 
B 12, 2303) — 2 Anhj dro oxalyl-amido phenyl 
mercaptan (easily prepared from acetanilide and 
sulphur) is fused with potash (3 pts ) The yield 
is nearly theoretical (Hofmann, B 18, 1280) 
Colourless needles, very easily oxidised It 
forms products of condensation with aoids, 
aldehydes, and nitriles , thus acetic acid, acetyl 
chlonde, acetonitrile, and aldehyde each pro 
duoe ethenyl amido-phenyl mercaptan (g v ) 

o.h,<n^cch, 

i>>Amido diphenyl-mereaptaa 
[1 4] HjN OgH^ C,H 4 SH [1 4] Prepared by re- 
ducing p nitro diphenyl sulphochlonde with tin 
and HCl (Gabnel a Bamberger, B 18, 1410) 

Sal i.— -B'HCl amall glittenng pnsma 



AMIDO-PHENYL-METHANE 
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AXIBO PHEHYL-XETHANE v Toluzbikb | 
m<Amido>di-ph6xiyl methaDe i e 

[46°] Formed by reducing 
m-mtro di-phenyl methane (Becker, B 16, 2092) 
Acetyl derivative [91°] pearly plates 
jp-Amido-di-phenyl-methane [35°] Formed 
by reducing p nitro di phenyl methane with tin 
and HCl (Easier, B lb, 2718) The sulphate is 
•1 sol cold water 

di-amido-di-phenyl methane C,3H,<,(NH^)2 
[86 ] Formed by reducing (a) di nitro di phenyl 
methane (Doer, B 5, 795) Pearly plates , si 
sol water (Praetorius, A 194, 348) The 
sulphate is v si sol water 

Tetra amido-di-phenyl-methane C,8H3(NH2)4 
[16l°] By reduction of the nitro compound 
[172°] (Staedel, A 218, 341) White needles 
(fiom benzene) M sol water, si sol benzene 
Acetyl derivative C,aH8(NHAc)4 Cr>8 
talline powder V si sol water , ra sol alcohol 
Amido-tn-phenyl-metiiane le 

CHPh^ NH^ [84°] Prepared by heating 
aniline hydrochloride with di phenyl carbmol 
and ZnClj at 180° (Fischer a Roser, B 13, 674 , 
A 206, 165) Prisms or plates Is a weak 
base The benzene compound (Cj^Hj^NC HJ 
forms long colourless needles Salts — B'HCl 
needles, si sol water — B'H^PtClg 

Di anudo tn phenyl methane i e 

CACH(0«H4NH2)2 [139°] 

Formation — 1 From benzylidene chloride, 
aniline, and zinc dust (Bottinger, B 12, 976) — 
2 From di amido tn-phenyl carbmol by re 
ducing with zinc dust (Doebner, A 217, 246 , B 
16, 236)— 8 By heating aniline hydrochloride 
with benzoic aldehyde and fuming HGl (Maz 
zara, O 14, 610) 

Preparation — A mixture of benzaldehyde 
(10 pts ), anihne sulphate (28 pts ), ZnClg (20 
pts ) and a little water, is heated on a water 
bath for several hours, the fused mass is boiled 
with dilute H2SO4, diluted, filtered, and the 
base precipitated with NH, , yield 80 p 0 of the 
theoretical (Fischer, B 16, 676) 

Properties — Colourless crystals (from ether) 
[139°] Prisms containing benzene of crystal 
iisation (from benzene) [106°] , at 120° the 
benzene goes off V si sol water, sol alcohol 
or ether 

Additional References —C BSttinger, B 11, 
276,840, 13,968, 0 Fischer,^ 206,147,163, 
B 13.665 

Tn-amido-tri phenyl methane tx 

NH, [1 4]), Para leucaniline [148°] 
Formation — 1 By reducing tn nitro tn 
phenyl methane with zinc dust and glacial 
acetic acid (0 a E Fischer, A 194, 272) — 2 
By reducing para rosanilme (Hofmann, Pr 12, 
9) — 8 By reducing nitro di amido tn phenyl 
methane, prepared from anihne hydrochloride, 
p nitro benzoic aldehyde and ZnCl, (Fischer a 
Greifif, B 13, 670 , Fischer, B 16, 678) 

Profiles — Colourless plates Readily con 
verted by oxidation into para Bosanilzne (g v ) 
Salts — B'"B[,Cl,aq short pnsms, si sol 
alcohol, ether, and HGlAq — The sulphate 
forms needles, ▼ sol water, si sol alcohol, 
insol ether — The oxalate forms pnsms, v 
•ol water —The platinoehloride forma 
sparingly soluble short needles 

Tr% aittyl derivative [177°] Thin 


tables, when oxidised by K^Or^O, and acetie 
acid It gives tetra acetyl para rosanilme 

Tn hemoyt derivative [149°] Colour 
less needles , sol alcohol, v si sol water, ether, 
and benzene (Renouf, B 16, 1801) 
mp p Tn amido tri-phenyl methane 
[1 8] HgN CjH, CH(C,H4 NHaCl 4]),. Pseudo 
leucaniline [150°] Obtained by reducmg »?i- 
nitro-di p amido tn phenyl methane (Fischer, B 
13, 673) Colourless crystals , sol alcohol, si 
sol ether or benzoline Crystallises with benzene 
in white needles of CjeHieNjC^Hg [146°] Gives, 
on oxidation, a violet colouring matter 

Salts — B/'dH^PtClfl yellow crystalline pp , 
V sol water, m sol alcohol 

o p p tri-amido-tn-phenyl-methane 
[1 2] H^N C^H^ CH(C,H4NH2[1 A])^ [166°1. 

Formed by reduction of the 0 nitro di p amido 
tn phenyl methane obtained by heating o nitro 
benzoic aldehyde with aniline sulphate and 
ZnCl^ Small crystals On oxidation it gives a 
brown colouring matter 

Salts — B'^H^Cls colourless easily soluble 
needles The sulphate forms small quad 
ratio tables, v sol water, si sol alcohol The 
oxalate forms small soluble needles (Renouf, 
B 16, 1304) 

AMIDO PHEinrL METHYL KETONE v 

Amido acetophenone 

p AMIDO-DI-PHENYL-METHYL-PYRAZOL- 
CAEBOXYLIC ACID C.^H.jN.O, i e 
N NPh 


C«H4(NH2) C C(CO,H) CMe [251°] Formed by 
reduction of p mtro di phenyl methyl pyrazoi- 
carboxylic acid with SnClj (Knorr a Jodicke, 
B 18, 2259) Crystalline powder Sol alcohol, 
ether, acids, and alkalis, insol water It evolves 
CO2 at its melting point 

m AMIDO {Fy 3) PHENYL {Py 2) METHYL 
QUINOLINE ,CH CMe 

C.3H.4N2^e C«H4<; I 

\n C C«H 4(NH 

[116] Obtained by reduction of m nitro phenyl- 
methjl quinoline with tm and HCl (Miller a 
Kinkelm, B 19, 533) Prisms Very soluble in 
alcohol and benzene, tolerably in ether Has no 
dyeing power, although it is isomeric with 
flavanihne By further reduction with tm and 
HCl it yields a tetrahydnde 

Salts — The mono acid salts are yellow, the 
di acid colourless — B"H2Cl2 2aq easily soluble 
ghstenmg pnsms B"H2Cl2PtCl4 2aq orange 
tables — B"H2Cl2PtCl4 concentric yellow plates. 
m Amido - {Py 3) - phenyl {Py 2) methyl- 
vCHj CHMe 

tetrabydro-qnmoUne 1 

\nh CH C^H^CNKJ 
Formed by reduction of anudo phenyl methyl 
quinoline with tm and HCl 

Di-acetyl derivative OjjHiaNjAo- [178°] 
Thin colourless prisms , sol hot alcohol 

p Amido - (Py 3) - phenyl - (Py 1) - methyl- 
quinoline V Flavaniline 

AMIDO- PHENYL -HYDBO- QUINOLINE v 


Amido phenyl quinoline 

p AMIDO-PHENYL-OCTANB % e 

BEjN C3H4 CsH ,7 Capryl phenyUaimne Phen 
ca^yl amine (291° corr ) Formed by heating a 
mixture of anihne, capryl alcohol, and ZnCl et 
280° Or by heatmg aniline hydrochloride and 



AMIDO-PHENYL-PROPIONIC ACID, 
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capryl alcohol ai 200^-290® (Beran, B 18, 139) 
Fluid at — 20® Colourless oil 

Salts. — ^B",{S,S04 V sol Mot water, v si sol 
cold.~B'*HaC*04 small plates, V sol alcohol and 
hot water, si sol cold water 

Benzoyl dertvaiiue NHBz [109®] 
Slender felted needles, v sol alcohol and ether 
when hot, si sol when cold 

O’Amido phenyl octane From the nitro 
compound (Ahrens, B 19, 2726) — B'jH^SnCl* 
p Axnido w phenyl-7M>otane [19 6°] (311® 

cor ) From n octyl alcohol, aniline, and 
ZnC4 (B ) -B'HOl — B'^SO^ 

Formyl derivative [66°] 

Acetyl derivative [93°] 

« Benzoyl derivative [117®] 

AMIDO OPIAKIC ACID C,„H„NO, %e 
(i,H(OMe),(NH2)(CHO)(CO,H) [66 3 2 1] Di 
methoxy amido aldehydo benzoic acid From 
nitroso opianic acid, hnClj, and HCl Crystalline 
Balt — HA'HCl needles, decomposed by water 
Reactions — 1 Baryta water give B.h\\xe violet 
colour — 2 Fe Cly gives a green colour in solu 
tions of NHjA' -3 Hot Ac^O gives granules of 
[233°] (Kleemann, B 20, 876) 

DI AMIDO-DI PHENYL OXIDE C^H.^N^O 
i e (CyH^ NH2)20 [185°] From the mtro 

compound (Hoffmeister, A 159, 208) The 
sulphate forms slender needles 

AMIDO-PHENYL PENTANE v Amido amyl 

BENZKNE 

TKI AMIDO -TEl PHENYL- PHOSPHiNE 
OXIDE C.sH.gNjPO i e OP(CyH4 NH^), [269®] 

Obtained by reduction of tn nitro tri phenyl 
phosphine oxide (Michaelis a Soden,i5 17,923) 
White prisms Soluble in hot water, hot alcohol, 
and acetone, sparingly in cold water, cold alcohol, 
and ether Its salts are very soluble in water 
Tri acetyl derivative 
0P(C5H4 NHAc)jaq [188°], colourless crystals 
Tri benzoyl derivative OP(CyH4 NHBa), 
[o 180°], crystalline powder 

DI - AMIDO DIPHENYL - PHTHALIDE 

CjoHjaNjOj I e }0 

Lactone of di amido tn phenyl carhinol carho 
vylic acid [180®] Tables Prepared by 
reduction of dimtro diphenyl phthalide By the 
action of HNO^ it gives phenol phthalem (Baeyer, 
B 12, 642 , A 202, 66) 

AMIDO PHENYL PIPEEIDINE C„H,.N2 
CjNH,o CyH^ NHj [40®] Formed by reduction 
of the corresponding nitro compound [105®] with 
SnClj and HCl — B 'HjCl^aq large colourless 
crystals (Lellmann, B 20, 681) 

p AMIDO ^ PHENYL PEOPANE C,H„N le 
H^N CyH^ CB^ CH^ CH, Amido-piopyl benzene 
Propyl phenyl amine Phcnpropylamine (225°) 
From aniline, ZnCl^, and propyl alcohol at 270° 
(Louis, B 16, 105 , Francksen, B 17, 1220) 
Liquid, volatile with steam , v si sol water 
Salts B'HCl lamin», [204°] — »« B'^PtCl, — 
B'HBr [218®]~B'HI-B'2H2S0. lamin®, si 
sol cold water — si ®ol cold water 
Acetyl derivative C^jjAcN [87®] 
Benzoyl derivative C,:^jBzN [115®] 
^Amido a-^henyl-propane 
H,N 0^. CHfCH,) CH, Amido isopropyl 
benzene (217 ) Similarly piepared from iso 


propyl alcohol (L) Liquid, s! sol, water. 
Salts si sol oold water — 

Benzoyl derivative [116°] lamina 
See also Cuhidxnb and Puskyl-pboptl- 

AMINE 

o AMIDO - PHENYL - PEOPIOLIO ACID 

C,H,NO, i e C,H4(NHJ C C C0,H. 

Preparation — An ammoniaoal solution of 
o nitro phenyl propiolic acid is slowly added to 
a cold solution of FeS04 (H pt® ) saturated with 
NH, , after 1 or 2 hours’ standing the mixture is 
filtered and the amido acid ppd from the filtrate 
by adding HCl in slight excess , yield 66 p o 
of the mtro acid used (Richter, B 16, 679) 

Properties — Microscopic needles Soluble 
m alcohol, spanngly m ether, nearly insoluble 
in water, benzene, chloroform, and ligroine 
Dissolves in aqueous acids Decomposes on 
heating to about 125® and on boiling with water, 
in the latter case formmg o ammo acetophenone 
and CO2 By boiling with NaOH and then 
adding HCl a splendid rod colour is produced 
Salt — A'Ag * insoluble pp 
Ethyl e^/ier A'Et— [65°] needles (Baeyer a 
Bloem, B 15,2147) 

a AMIDO a PHENYL -PEOPIONIC ACID 

C,H„N02 I e CH, C(CyHJ(NEy CO^H Amido 
hydro atropic acid From the nitrile by treat 
mentwith HCl (Tiemann a Kohler, B 14,1981) 
Feather like, satinj , needles Sublimes about 
260® V e sol water, insol alcohol and ether 
i Converted by nitrous acid into atrolactio acid 
Nitrile CH, CPh (NHJ CN Yellow oil 
^-Amido-a-phenyl-propionic acid 
CH2(NH2) CH(CyHj) CO^H [169 5®] A product 
of action of cone NHgAq on j8 bromo a phenyl 
propionic acid (Fittig a Wurster, ^ 195,158, 
Merling, A 209, 11) Plates (from water) SI 
sol cold water 

o Amido-o-phenyl-propioiuo acid Anhydride 
or lactam [119°] Atroxindol 

Formed, instead of the acid, by reducing 
C H4(N02) CHMe CO,H Needles (from dilute 
HCl) 81 sol cold water, formmg a neutral 
solution , sol alcohol and ether When quite pure 
it has a pleasant smell Slightly volatile with 
steam It dissolves in alkalis but is reppd by 
CO, (Trmius, ^ 227,274) 

p Amido-a-phenyl-propionic acid 
CH, CH(CeH4NH2) CO^H H28®] From mtro- 
hydro atropic acid, Sn and HCl (Trimus, A 
227,267) Salt — J^'HCl , needles, v sol water 
a Amido 0 phenyl propionic aoid C,Hj,NOg 
ue CgH, CH, CH(NH,)CO,H 
Ami^ hydro-cinnarmc acid 
Occurrence — In the radicles of germmating 
lupin seeds, together with other amido-acids 
Forms about 1 p c of the dry seed The mixture 
is heated with cuprio hydrate and filtered, the 
acid 18 isolated from the residue by treatment 
with H,S and subsequent evaporation (Sohulze 
a Barbien, J pr [2] 27, 342 , B 14, 1786) 
Formation — From its nitnle by HCl (Erlen- 
meyer a Lipp, A 219, 194) The acid formed 
in this way is perhaps not identical with that 
in lupm se^s An axmdo-phenyl propiomo aoid 
identical with that m lupm seeds occurs among 
the products of the decomposition of proteids by 
HCl It melts at [276°-280®] and is optically 
active, while the acid from phenyl aoette aide 

V 2 
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AMIDO-PHENYL-PROPIONIC ACID. 


hjde meltfl at[26d°-265°] and is inactive (Schulze 
a« Nkgeh, H 11, 201) 

Properties — Glittering, anhydrous, plates 
(from hot saturated solutions) , groups of slender 
needles, containing aq (from dilute solutions) 
(8 a B ) Satmy plates (from alcohol) , short 
anhydrous prisms or stars (from water) (E a L ) 
Sweet taste Neutral leactioii M sol water, 

V si sol alcohol, insol ether Small quantities 
may be sublimed Gives no colour with Millon’s 
reagent 

Salts — CuA'^ insol water (S a B) — 
CuA'2 2aq rosettes of small blue prisms (E a 
L ) — AgA' — HA'HCl prisms or stars , v sol 
alcohol or water, insol cone HCl — 

(HA'HCl), PtCl, — HA'HNO, - (HA'),H,SO, 
Reactions — 1 With K,Cr,0, and H,SO^ gives 
off odour of benzoic aldehyde, and ultimately 
forms benzoic acid —2 When heated it cakes 
together and at about 270° it melts giving off 
CO , H,0, and exo amido phenyl ethane (q v ) , 
the residue may be crystallised from alcohol, it 
melts at [280°] and has the formula C^H^NO 
From the behaviour of the analogous amido 
propionic acid, we may suppose this body to be 
phenyl lactimide 3 By putrefaction it gives 
phenyl acetic acid 

Nitrile CH2.CH(NH,) CN From the 
compound of HCN with phenyl acetic aldehyde 
by heating with alcoholic NH, at 100° (Erlen 
meyer a Lipp, A 219, 189) Small crystals 
Salts —B'HCl tnmetric prisms, v sol 
alcohol, insol ether, v e sol water 

Anhydride or lactam C,H,NO or 

C.,H„N A t « Ph CH, CH<™> or 

Ph CH, CH<NH CO^CH CH,Ph 

Phenyl lactimide [291°] A by product in 
the conversion of the acid into amido phenyl 
ethane by the action of heat Very slender 
silky needles (from alcohol) forming an electric 
powder May be sublimed as woolly needles 

V b1 sol water, HCl, or KOHAq , insol ether , 
•1 sol glacial acetic acid 

3 Amido /3 phenyl propionic acid 
C,H, CH(NH,) CH,.CO,H 

/8 Amido hydro cinnamic [121°] From 
/8 bromo /8 phenyl propionic acid and cone 
aqueous NH, at O'’ (Posen, A 196, 144, 200, 
97) Large monoclimc crystals (from water) , 
m sol cold water, v sol alcohol, v si sol ether 
Boilmg HClAq splits it up into NH, and cinnamic 
acid Salt — B'HCl, prisms, v sol water 

Anhydride or lactam 

CACH<^g^>CO Phenyl lactimide [147°] 

Formed, instead of a sulphate, when the acid is 
added to H,SO, (1 vol ) diluted with water (1 
vol ) Needles, insol cold water, m sol hot 
water, alcohol or ether Is not reconverted 
into the amido acid by prolonged boilmg with 
water 


o-Ainido- 3 -ph«nyl-propionie acid 
Anhydride or faefamG^NOt^ 



Hydro-carbostyrd Pi - hydro - (Py 8 ) • oxy - 
quinohne [160°] Formed, mstead of the amido 
acid, when o nitro-jS phenyl propionic acid is 
reduced by tin and HCl (Glaser a. Buchanan. Z 


1369, 104) Pnsms, t si sol watei v sol 
alcohol, ether, and warm cone HCLAq May be 
distilled PCI 4 at 140° converts it mto di*chloro 
qmnoline 

Ethyl derivative C,H,N(OEt) [199°] 
Formed by reducing the ethyl derivative of 
carbostynl with sodium amalgam (Fnedlander 
a Ostermayer, B 16, 335) Silvery plates 
m Amido>3'Pbenyl>propionio aoid 
C„H,(NH,) CH, CHj^COjH m - Amtdo - hydro - 
cinnamic acid [SS'"] Formed by reduction of 
m nitro B phenyl propionic acid with tin and 
HCl (Gabriel, B 15, 846) Colourless crystals 
V sol water, alcohol, and ether Salt — A'HHCl 
colourless needles or scales 

p Amido-)S phenyl propionic aoid 
C„H^(NHJ CH^ CHj COjH p~ Amido hydro- 
cinnamic acid [131°] (Glaser a Buchanaq, 
Z 1809, 195) Prepared by reduction of p- 
nitro phenyl propionic acid with FeS04 and 
N H, Salts —B'HCl — B'jH^SO^ 

Acetyl derivative 

C„H,(NHAc)C 2 H, C0,H [143°] Long colour 
less needles or short prisms Sol alcohol and 
ether, insol CS^ (Gabriel, B 16, 843) 
a B di-amido-iS phenyl-propionic aoid. 
Anhydride or lactam 

c„h, gH ch(nh j CO 

NH — ^ • 

o Benzoyl derivative 
C.H,CHCH(^£CO Formed b, 

heating benzoyl imido cinnamic acid, 

C.Hj CH CH CO^ 

, with strong aqueous NH;,. 

NBz 

Glistening needles or prisms , sol hot alcohol 
and acetic acid, si sol ether, insol water, dilute 
acids and alkalis By boiling with HCl it loses 
NH3 giving the benzoyl denvative of o amido- 
cinnamic acid (Pl6chl, B 17, 1616) 
a p di-ainido-)3-phenyl propionic acid 
C„H,2NP^ i e C«H4(NH^)CH, CH(NH2)CO,Haq 
[246°-250°] p Amido phenyl alanine Got by 
reducing p nitro a amido phenyl propionic acid 
(Erlenmeyera Lipp, i4 219, 219), or by reducing 
a p di nitro cinnamic ether and saponifying the 
product (Fnedlander a Mahly, B 16, 852 , A 
229, 226) Silky needles (from water), si sol 
alcohol, insol ether Neutral , has a sweet 
taste Reduces salts of gold and silver Does 
not give Hoffmann's mercury reaction (A 87, 
124) Gives off no NH, when boiled with KOH 
Converted by nitrous acid into tyrosine 

Salts — HA'2HC1 — HA'H.PtCl, — CuA', , 
small violet blue crystals, si sol water — 
HA'H^SO^ small nee^es 

(4,2,1) di amido - 0 phenyl - propionic acid 
(4 2 1), C.H,(NH,), CH, CH,.CO,H 

Anhydride or lactam C,H,jN,0 

H,N - hydro . 

carbostynl {Py B)-oxy {B 8) amido-di hydro- 
uinoline [211°] Formed by reducing (4,2,1)- 
1 nitro 0 phenyl propionic acid (Gabnel a 
Zimmermann, B 12, 602) Needles or pnsma. 
Not affected by boiling alkalis Salt — B'HCL 
(4 8 H-Di-amido-jS-phenyl-proplonic acid. 

[4 8 1] C,H,(NH,),,C^CE4 CO,H Di-amido 
hydro-cinnamic acid, [144°, diy] Formed by 
reduction of m nitro-p amido phenyl propionic 
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Mid With tin and HCl (Gabnel, B 15, 2291) 
Thick crjstala containing aq Sol alcohol and 
acetic acid, y si sol ether, chloroform, benzene, 
and CS^ Dissolves m aqueous acids and alkalis. 
m.Al£IDO.(Py 8) PHEKYL-QUIHOLINE 


♦.s C,H,<; I . [120°] 

\n C 0«H,(NHj) 

Formed by reduction of m nitro phenyl quino- 
bne with tm and HCl (Miller a Kinkelin, B 
18, 1904) Long glistening needles Distils at 
a high temperature undecomposed Sol ether, 
benzene, and hot water, v si sol cold water 
Salts — B"H2Cl2 easily soluble colourless 
needles — B^'H^Cl^tCl^ yellow crystalline pow 
dtr — B^gH^Cl^I^Cl^ long fine needles. — 
B"H2S0^2aq thick colourless prisms 
• (o)-Amido {Py 1) phenyl qumolina 
X(C*H, NHJ CH 

C„H„N2 is I [150°] 

\n===ch 

Obtamed by reduction of the coriesponding nitro 
compound [187°] with SnCL^ Colourless glisten 
mg plates (from alcohol) V e sol alcohol, 
benzene, and chloroform, v si sol ether with a 
bluish violet fluorescence Volatilises undecom 
posed Its mono acid salts have a deep yellow 
colour and dye wool yellow, the di acid salts are 
colourless — *B"HI soluble yellow needles — 
"B^jH^Cl^PtCl^ yellow prismatic needles The' 
chromate is a sparingly soluble brown pp 
(Koenigs a Nef, B 20, 627) 

{^) Amido {Py 1) phenyl quinoline 
X(C.H,NH2) CH 
C,H / I [198°] 

— • =CH 

Obtained by reduction of the corresponding nitro- 
compound [118°] with SnCl^. Four sided prisms 
SI sol alcohol and benzene, v sol chloroform, 

V si sol ether The ethereal solution has a 
bluish violet fluorescence It volatilises unde 
composed Its mono acid salts have a yellow 
colour and dye wool yellow, the di acid salts are 
colourless — *B"EL2Cl2PtCl4 yellow pnsms, sol 
HCl, nearly msol water (Kcenigs a Nef, B 20, 
628) 

Amido-phenyl-quinoline [136 5°] V D 7 67 
(for 7 62) Obtained by heating quinoline hydro- 
chloride with aniline (Jellmok, M 7, 351) 
Yellowish white needles , msol cold water, sol 
benzene, alcohol, and chloroform 
Salts -~B"2HC1 — B"H^tCl^ 

Methylo %od%de B"MeI [220°] 
m-Amido {Py 8) phenyl-hydroquinoline 
XHaCH, 

I Thick syrup 

\NH CH CeH,(NH2) 

Formed by reduction of m amido phenyl quino- 
line or of m mtro phenyl hydroquinohne with 
tin and HCl (Miller a Kinkelin, B 18, 1907) — 
B^HjCls monoclmio tables 

{Py 12) AMIBO-PHEKTL-ISOQirnrOLIFS 
.C(NHJ CPh 

/ . [c 100°] 

\CHN 

Formed by reduction of {Py 412) chloro nitro- 
phenyl-isoquinolme by heatmg with HI and P 


CH 


(Gabnel, 19, 884) Yellowish plates or 
needles. Easily aoluble m ordinary solvente, 
moderately m ether and ligrome Dissolvea 


readily m acids Salts — yellow ^rys- 
tals — ^B',H,Cl,PtCl4 long orange red neediea. 
— ^BOaCl* flat needles 

DI-AXIBO-DI-PHEIITL STTLPEIBE 

0„H„N,S (C,3:4NH2),S Thwanthne [105°] 

Mol w 216 Obtained by heating anihne 
(b ptsl with sulphur (1 pt) at 160°, with 
gradual addition of PbO (Merz a Weith, B 4, 
384) , or from di phenyl sulphide by nitration 
and reduction (Krafft, B 7, 884) A small 
quantity is got by the action of SjCl* on aniline 
(Schmidt, B 11, 1168) Long thin needles 
(from water! V si sol cold water, si sol hot 
water, v sol alcohol, ether, and hot benzene 
Not attacked by hot cone HCl, by hot alcohoho 
KOH, or by sodium amalgam Its solutions 
give a blue colour when warmed with Fe,C)^ 
Cone H2SO4 dissolves it with violet colour 

Salts — B"H2Cl22aq prisms, v sol water, 
b1 sol alcohol or cold cone HCl — B"HC12aq — 
B"H2PtCl. — B"H,S 04 aq — B"AS 04 aq — 

Diacetyl derivative (C4H4NAcH)2S. 
[215°] Needles 

Bi 0 amido-di phenyl di sulphide 

♦ e (C^4NH2)2S2 [98°] Prepared by oxi^sing 

0 amido phenyl mercaptan with Fe^Cl, (Hof- 
mann, B 12, 2363) Plates , msol water, sol 
alcohol Beadily reduced back to the mer 
captan The hydrochloride forms laminfe, si 
sol HClAq 

Bi p amido-di phenyl di snlphide 

(CaH^NBLJ^Sa [79°] Formed by saponifying 
its acetyl denvative with dilute 62^04 Long 
greenish needles (from water) , v si sol water, 
V sol alcohol 

Salts —B"H2S042aq small needles 
Di acetyl derivative (C,H4NAoH)2S« 
[c 217°] Formed, together with the diacet}! 
derivative of di amido di phenyl tri sulphide, 
by heating acetanilide with SjCl, at 100° 
(Schmidt, B 11, 1171) 

Bi - amido - di - phenyl tri -snlphide D% 
acetyl derivative (C„H4NAoH)2S, [214°]. 
Prepared as described above , forms laminis 
(from glacial acetic acid) 

AMIBO BI-FHENYL SXrLFHONS 
C,2H„NS02 le C4H4.SO2 CeH4 NHj Amido 
sulphobeneide From nitro di phenyl sulphone 
by alcohoho ammonium sulphide (Gericke, A 
100, 209) Minute prisms, si sol cold water 
Salts — B'HCl [c 90], reddish four sided 
pnsms — B'jHjPtCl, 

Bi-amido-di-phenyl sulphone CjjHjjN^SOj t e 
(C,H4NH2)2S02 [168°] (Schmid a Ndltmg, B 

9, 80) Obtained in the same way from di nitro 
di phenyl sulphone Four sided prisms, si sol 
cold water 

Salts — B'^H^Cl, long pnsms — B"HjPtCl4 
Bi- amido di- phenyl sulphone di oarboxylio 
acid C,4H,2N2S0, le BO^{C^{^B.,)CO^)„ 
[above 850°] Obtamed from p amido benzoic 
acid and fmmng H4SO4 at 180° (Michael a 
Norton, B 10, 580) Bose red tufts of crystals 
(from water), si sol alcohol 

Salt — AgjA^' small white lammsB 
AHIBO-BI-PHSETL 8T7LPHOE1G ACIB8 «. 
AifiDO-nzFHxini#. 

AlOBO-PHBlVYBSFLPHTB&ATEu ABm>o- 

PHSHTli KXBOAFTAV* 



AMIDODIPIIENYL BI-SULPirTDRATE 
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JJCIBO-BIPHXKTL DI-StrLPHYOBILTE 

€,;B,,NS, te 0,A(NH2)(8H)^ [163°] Pre 
pared by redaoing nitro-diphenyl di sulpho 
chloride with tin <|Qd HCl (Gabriel a Bambergis, 
B 18, 1411) Long needles 

p AMIDO DIPHENYL-p THIO GLYCOLLIC 
ACID 0,,H„N802 te 

H,N OA S CH 2 COjH [Over200°] Formed 
by action of a chloro acetate upon p amido 
diphenyl p sulphydrate (Gabriel a Dambergis, 
J5 13, 1410) Plates, si sol water 
o>AMID0 s DT PHENYL-THIO XT REA 
C„H„N,S t e C^H^NH CS NH NH^ From 
o phenylene-diamine and phenyl thio oarbi 
mide m benzene (Lellmann a Wurthner, A 228, 
212) Glittering pnsms, v sol alcohol and 
glacial acetic acid, si sol benzene, insol ether 
In a capillary tube it cakes together at 141° , at 
185° aniline distils out of it , but at 260° it is 
still solid o phenylene thio urea being left 
PhHN CS NH 

CS<^^C.H. + PhNH, 

m Amido di phenyl thio-urea [148°] From 
m-phenylene-diamine and phenyl thio carbi 
mide in benzene (L a W ) Amorphous yellow 
powder or colourless prisms (from alcohol) V 
sol glacial acetic acid, m sol alcohol, msol 
ether and benzene May be melted without de- 
composition Decomposed by long boilmg with 
alcohol, as follows 2CS(NPhH)(NH C«H,NH,) = 
(PhHN CS NH),C,H, + CeH,(NH 2 ), The 0 and p 
isomerides behave similarly 

p Amido 3 di-phenyl thio urea From p 
phenylene diamme and PhNCS dissolved in 
benzene (L a W ) Reddish prisms (from 
alcohol) Sol glacial acetic acid, insol ether or 
benzene Begins to decompose at 163°, form- 
ing p phenylene thio urea and aniline 

AMIDO PHENYL-TOLUENE C„H„N te 
0,,H„ NHj [93°“97°] Amtdo tolyl-phenyl Ob- 
tained from p phenyl toluene, C^jHj CgH^ CHg, by 
nitration and reduction (Carnelley, C J 29, 21) 
Salt— B'HCl [c 283°] 

DI AHIDO-PHENYL TOLYL-KETONE 
O.^H^NjO t e H,N CgH, CO 0,Hg(CH3) NH^ 
[about 220°] Colourless needles Formed 
together with oxy amido-phenyl-tolyl-ketone and 
di-oxy benzophenone by heating commercial 
rosanilme with water at 270° 

Di benzoyl derivative CnH,„0(NHBz)2. 
[226°] , oolourleBB needles (Liebermann, B 16, 
1927) 

DI AMIDO-PHENYL-TOLYL-METHANE v 

Dl-XMmO-BENZYL-TOLUENB 

Di-amido phenyl-di-tolyl-methana 
0„H«N,te CACH(0^,NH2 )j. [186°] Formed 
by heatmg a mixture of p toluidine, p toluidine 
hydrochloride, and benzoic aldehyde for several 
hours at 120° (UUmann, B 18, 2094) It forms 
a compound with benzene, crystallising m 
glistening needles 

Tri-a^do-di-phenyl-tolyl-methaue 
Oj|oHg|N| %.e* CgH^) 3 CH,OfB[g.NHi Leuc 
an/ihne, [100°] Obtained by reducing rosani 
line {q v) (Hofmann, Pr 12, 9 , Bosenstiehl a 
Gerber, A Ch [6] 2, 341) Small crystals (from 
boiling water) SI sol hot water, or ether, v sol 
alcohol Converted into rosamline by oxida 
bon Salts. — B"^C1, a^ — 


Tri acetyl deriiative [168°] Needles 
Gives tetra acetyj rosamline when oxidised with 
Kj,CtP, and acetic acid (Benouf, B 16, 1303) 
Tri-p-amido-phenyl-di-tolyl-methane 
GjjHjgN.te (H,N C,Hg),OH.OgH, NH, Prepared 
by reduction of nitro di amido-phenyl-di-tolyl 
methane with zinc dust and HCl (Fischer, B 16, 
680) Small colourless prisms or long needles 
On oxidation it gives a rosamline which dyes a 
bluer shade than ordinary rosamline 

0 -AMIDO- 5 -DI PHENYL-TTEEAO„H„N,OiC. 
NHj CgH, NH CO NHC,H, From phenyl cyan- 
ate and o phenylene diamine in benzene solu 
tion (Lellmann a Wurthner, A 228, 220) 
Slender silky needles (from alcohol) V sol 
glacial acetic acid, m sol alcohol, v si sol b^ 1 
zene, insol ether In capillary tubes it cakes 
together and partially melts at 182°, splittisg 
up into aniline and phenjlene urea, [305°] 
m Amido-s-di-phenyl-urea From m phenyl 
ene diamine and PhNCO in benzene (L a W ) 
Grey needles (from dilute alcohol) V sol 
alcohol, and glacial acetic acid, si soL ether 
and benzene In capillary tubes it decomposes 
at 186° into aniline and m phenylene urea, 
[above 300 ] 

j?-Amido-s-di-phenyl-urea Fromp phenylene 
diamine and PhNCO m benzene (L a W) Slender 
white needles (from alcohol) Sol glacial 
acetic acid, v si sol benzene, insol ether 
Decomposes about 210°-220° mto aniline and 
p phenylene urea [above 320°] 

Di amido-di-phenyl-urea CjsHnN^O t e 
CO(NH CgHj NH 2)2 From tetra nitro di phenyl 
urea, (CaH 8 (N 02)2 NH) 2 CO by reducing with tin 
and HCl (Fleischer a Nemes, B 10, 1296) 
Laminae (from alcohol) , si sol cold water — 
B'gHjPtCl, 

AHIDO-PHENYL- URETHANE v Amido- 

PHENYL CAEBAMIC ETHEB 

o AMIDO-PHENYL-VALEEIC ACID 

[1 2 ] CeH,(NH 2 ) CH 2 CH 2 CHa CH 2 CO 2 H [62°]. 
White needles Formed by boiling an alcoholic 
solution of eso di bromo amido phenyl valeric 
acid with sodium amalgam It could not be con- 
verted into an mner anhydride even by dehy- 
drating agents Acetyl derivative [161°] 
(Diehl a Emhorn, B 20, 385) 

AMIDO-PHOSPHENYLIC ACID v Phos 

PHINES 

AMIDO-PHTHALIC ACID CgH^NO* 

0,H2(NH2)(C02H)2 [1 2 3] 

Salt — HjA^KSnClj 2aq needles, got from 
nitro phthalio acid by tin and HCl The 
hydrochloride gives off OOj on evaporation, 
becoming m amido benzoic acid (Miller, A 
208, 246) 

Ethyl ether Et^A" Oil , got by reducing 
ethyl con nitro phthalate 

Amido - phthalio acid OgH,(NEL)(OOgH)j 
[13 4] Its hydrochloride splits up, like that 
of the preceding aoid, into COg and m-amido 
benzoic acid (M ) 

Ether [96°] (M ) Got by reducing 

u nitro phthalio e^er (M , Eoemgs, B 10, 126) 
Monoclimc pnsms (from alcohol) Ethereal 
solutions show famt blue fluorescence 

Acetyl derivative [122°] Mmnte 
lammie * 

Amido - iso - phthalie aeid fiaq 

[above 800°] S 104 at 15°. 92 at 99°. 



AMIDO-PYROO VTECHIN iSS 


Formed by reducing nitro iso phthalic acid, 
[249°] (Storrs a J? ittig, A 163, 285 , Beyer, J 
pr [2] 26, 491) Prisms (fionf alcohol) or plates 
(from water) Solutions give a deep reddish 
crown colour with Fe^Clj 

Salts KjA", gives no pps with salts of 
Ca or Ba, but pps with salts of Zn, Cd, Cu, Ag, 
Pb, and Hg — NajA" — MgA"4)aq S 20 at 
16^ — CaA"3Jaq S 7 4 at 16« — SrA" aq S 
8 6 at 16° — BaA" 14aq S 6 43 at 16° — 
ZnA" — CdA" — AgHA" — HJ^'^HCl aq — 
(H^A"HC1) ^PtCl^ 3^aq crystals grouped in stai s 
-H,A"HBr —H^A^HNO, lAaq 

Methyl ether Me^'' [176°], solidifies 
at liA° 

^ Ethyl ether Et^A" [118°], solidifies 
at 113° Prepared by treating a mixture of 
nitro iso phthalic ether (50 g ), alcohol (300 g ), 
dnd cone HCl (500 g ), with zinc dust at 0° 
Tufts of thin plates (from alcohol) or slender 
needles arranged in crosses (from water) V 
b1 sol water Solutions fluoresce violet red 
Amido-tere-phthahc acid C^H^NO^ tc 
C^Hg(NH^) (002X1)2 [2 1 4] Obtained b> reducing 
nitro terephthalic acid with tin and HCl (Warren 
de la Hue a Hugo Muller, Pr 11, 112) Thin 
lemon yellow prisms , v si sol cold water, alco 
hoi, ether, or chloroform Decomposed by heat 
without previous fusion Its solution fluoresces 
blue 

Di methyl ether MojA" [126°] Salts 
MejA^HCl white needles, saponified by water 
— (Me2A"HCl)2PtCl, (Ahrens, B 19, 1636) 

Pi amido terephthalic acid CaHaN^O* %e 
C,H (NH2)2(C02H)2 [3 6 14] 

Ether Et A" [168°] hormed by the action 
of bromine upon di amido di hydro terephthalic 
ether (di imide of sucemo succinic ether) dis- 
solved m strong HjbO^ Glistening orange 
needles Sparingly soluble m alcohol and ether 
with a yellow fluorescence By diazotisation 
and treatment with Cu^Clj it is converted into 
di chloro terephthalic ether, v hich is reduced by 
sodium amalgam to terephthalic ether The 
sulphate forms very sparingly soluble colourless 
needles (Baeyer, B 19, 430) 

AMIDO - PHTHALIDE CaH^NO, 
0 .H,(NH,)<p 2P>0[4^] [178°] Formed by 

reducing nitro phthalide [141°] (Hoenig, B 18, 
8448) Short prisms, sol chloroform, si sol 
alcohol, ether, and benzene, v si sol cold 
water Salts BHCl needles — B'^H^PtCi, 

DI . AMIDO - ISO - FHTHALOPHENOKE 
CjoHiaNjOj Two isomenc compounds of this 
formula are obtained by reducing the two 
di nitro phthalophenones that are got by 
nitrating iso phthalophenone CaH^(CO CjH,), 
[1 3] (Ador, Bl [2] 33, 66) 

AMIDO-FODOCAEFIO ACID t; Podocabpxo 
icm 

DI- AMIDO FBOPANE v Tbiuethtlekb- 
DUMiNB and Pboptlbnb duminb 

(8 4 l).AMIDO FBOFENYL-BEKZOIO ACID 
0,aH„NOjt.e OaH,(NH2)(OA)CO,H[8 4 1][94°] 
FormaUon — 1 By reduction of nitro pro- 
penyl benzoic acid with FeS04 and — 
2 By boiling amido ozypropyl benzoic acid 
with HCl (Widman, B 16, 2572) Long 
white needlea. Easily soluble m alcohol, ether, 


and benaene, spanngly m water and ligroiae. 
Tolerably marked basic properties 

Salts A'H,H01, long colourless easily 
soluble prisms — {A'H,H01)2PtOl4 , easily 
soluble yellow needles — A'H, AcOH colourless 
prisms, [0 160°] 

Acetyl derivative 

04Hg{NHAo)(0,H,)C02H^[212°], long white 
needles, si sol hot water By the action of 
nitrous acid it is converted mto methyl-oinno- 

Ime carboxylic acid 

azo propenyl benzoic acid, 

probably being the m- 

termediate product (Widman, B 17, 722) 
Anudo-propenyl-benzoio acid 
CA(NH2)(C,H,)C02H[2 4 1] [166°] Formed by 
heating amido oxypropyl benzoic acid with dilute 
HCl (Widman, B 19, 272) Yellow plates 

Acetyl derivative [122°] , white prisms, 
a AMIDO PBOPIONAMIDE CgHgNjO i e 
CHg CH(NH2) CO NHj [above 260°] Occurs in 
I urine (Baumstark, A 173, 342) Small columns, 
b1 sol cold water, m sol hot water, insol ether 
insol alcohol (difference fiom urea) Converted 
by nitrous acid into sarco lactic amd, and by 
baryta water at 150° into CO3, NH,, and 
ethylamine 

a-AMIOO-FBOPIONIC ACID v Alaninb 
A- A mido propionic acid CgHyNO, i $• 

CH2(NH2) OH2 CO2H [180®] Mol w 89 
Formation — 1 Together with $ imido-pro- 
pionic acid, by the action of NH, upon 18 lodo 
propionic acid (Hemtz, A 166, 36, Mulder, B 
9, 1903) — 2 From cyano acetic acid by reduc- 
tion with Zn and HjSO^ (Engel, B 8, 1697) 
Properties — Prisms, v e sol water, si sol 
alcohol Sweet taste Split up by distillation 
mto NH, and acrylic acid 

Salt — CuA'j 6aq dark blue prisms 
(a)-AMIDO-FBOPIONITBILE C^N, i e 
CH3CH(NH2 )CN a mixture of aldehyde 
ammonia and prussic acid (30 p c solution) is 
acidified with H2S04Aq (1 8) (Erlenmeyer a 
Passavant, A 200, 121) Liqmd, quickly 
changes to imido propionitrile, giving off NH,. 
— B'HCl -B'2H2PtCl, 

AMIDO-FBOFYL-ALCOHOL V Oxx-PROPVL- 

AMINB 

AMIDO ISOFBOFYL BENZOIC ACID •. 

Amido cuminic acid 

AMIDO-n-FBOFYL-CINNAMIO ACID 
0,2H„NO,t C H,(C,H,)(NH2 ) ca coined 2 1] 
[166°] Formed by reduction of nitro n propyl 
cinnamic acid with FeSO^ and NH, (Widman, B 
19, 277) Glistening yellow needles Easily 
soluble m hot alcohol By heatmg with dilute 
HCl for a long time it is converted mto iy 
\ propyl-carbo stynl [162°] 
i o-AMIDO - » - FBOFYL - FHENYL - ACETIC 
ACID 0„H»,NO, i,e C,H, C^H, CH(NH,) CO A 
[197°] Prepared by sapomfying the product of 
the action of HON upon cumin-hydramide 
(Pldohl, B 14, 1316) SI sol cold water, UiboL 
alcohol and ether 

AMIDO-FYBEKE v Ptbskb 
AMIDO-FYBOCATE HlN •‘C,H,NO, is. 
‘‘OA(NHf2)(OH],. By reducing the mtro com- 
pound by Sn ana HCl 

Salt B'HCl dark needles Sodio oat* 
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iMmate liberates the free base which, however, !• 
rapidly oxidised by air forming a violet solution 
(Benedikt, J pr [2] 18, 457 . B 11, 863) 

Methylene derivative C^H^NO, *>e 

Obtained by reducing 

methylene nitro pyrocatechm or nitro 
piperonylic acid (Hesse, 199,841) Brownish 
oil Salt B'HCl 

AMIDO-PYBOGALLOL C,H,NO, is 
C„H,(NH^)(OH), Amido pyrogallic acid From 
the nitro-oompound. Its alkaline solution turns 
blue in air 

Salt —B'HCl needles (Barth, M 1, 884) 
AMIDO-PYBO-MECONIC ACID C^H^NO, i e 
CaHg(NHj)Og From nitro pyro meconic acid 
tin and HCl (Ost, J pr [2j 19, 194) Needles 
(from water) Fe^Cl^ gives a blue colour, changed 
to red by excess — B'HCl aq 
Di amido yyro mellitio ether 
Co(NH )^(CO^Et), [134°] From the nitro com- 
pound (Nef, A 287, 24) Diacetyl deriva- 
tive [149 J 

(a)-AMIDO.PYRRYL METHYL ZEToNE 

C,H«N,0 1 e C,Hg(NH )N CO CH^ Formed by 
reduction of (a) nitro pyrryl methyl ketone with 
tin and HCl (Ciaraician a Silber, B 18, 1460) — 
B'gH^tClg long yellow needles 

{B 4) AMIDO-QDINOLiNECgNHgNH, [67°] 
Preparation — 1 By reducing nitro quinoline, 
[89°] (Koenigs, B 12, 451) — 2 By heating 
oxy quinoline with zinc chloride ammonia 
(Bedall a Fischer, B 14, 2573) Plates Dis j 
solves in acids CrOj gives a blood red colour | 
(B 2)-Aimdo-quinoline C„H Nj [IH""] Pre i 
pared by reduction of nitro-quinolme from p- 
nitraniline (La Coste, B 16, 670) Colourless 
plates or flat needles (containing 2aq) Sublim 
able V sol alcohol and ether, less m water 
and hgroin Salts B"HC1 large colourless 
prisms — B"2H^Cl2PtCl, 2 aq crystalline pp 
Pier ate B"(C^H2(N02),0H)g needles 
{B 3) Aoiido-qainolint 
XH CH 

CgH,(NH2)< 1 [110°] Prepared by 

^N-CH 

heating {B 3) oxy quinoUne \Mth ammoniacal 
ZnClg (Riemerschmied, B 16, 725) Yellow 
lates Sublimable Sol alcohol, ether, and 
ot water, si sol cold water The picrate 
forms long red needles, v si sol ether 

(a)-Di-amido-quinoliiie CyH^N, t e 
CyHj(NHj2N [156° uncorr] hoimed by re- 
duction of (o)-di mtro quinoline [188°] with 
SnClg (Claus a Kramer, B 18, 1247) Thick 
yellowish needles — B"H2Cl2PtCl4 red needles 
($) Di - amido • quinoline [163° uncorr ] 
Formed by reduction of {$) di nitro qumolme 
[184°] with SnCl, (C a KJ Small yellow 
needles or plates Is not sublimable or volatile 
with steam Y sol water and alcohol, si soL 
ether, benzene, and hgroSn — ^BaHgOl^PtClg 
yellow crystalline powder 

DI-AMID0.QTJ1N0N£CA(NH2)A[^ 2 41] 

Diacetyl derivative 0,^(NHA.o),Og 
[265°-270°] Formed by oxidation of tetra aoe- 
tyl-di amido-hydroqumone CgBL2(NHAc)g(OAo)g 
or tn-aoetyl tn amido phenol C,H2(NHAc)jOH 
(from pionc acid) By heatmg witlr SnClj dis 
•olved in oono HGl it yields di>amido-hydro- 
qmnone (Nietzki a Preusser.B 19,2247,20,797) 


DI.AMIDO-QTJIirOHE-IVIDS v Ainno ni 

IMIDO.PHENOL 

(B 2)-AMIB0taxmr0XALlHB CAN, is. 

.NCH 

CJE[8 (NHj)^^ [159°] Formed by oonden 

sation of glyoxal with (1 2 4) tn amido ben- 
zene (Hinsberg, B 19, 1254) Yellow needles 
or large crystals Sublimable V sol water, 
alcohol, and chloroform, m sol ether and 
benzene The ethereal and chloroform solu- 
I tions have a yellowish green fluorescence 
1 The aqueous solution gives yellow pps with 
I AgNOg and HgClg. Its solution in HOI is deep 
violet 

Salts— B'HCl browm plates with green 
! reflection — B'^^SO^ — B'gH^Cl^PtCl^ * 

I AMIDO-EEbOECIN C„H,NOg te [12 4] 
CyHj(NHJ(OH)2 Formed by reducing nitres 
resorcin with tin and HCl (Weselsky, A 164, 6) 
— B HCl 2aq gives brown colour with FegCl* 
The free base is unstable 

Ethers C,Hg(NH,)(OEt)j [82°] , (251°) 
From benzene azo di ethyl resorcin (Will a Ibi- 
kall,B 20,1124) — C,Hg(NH,)(OH)(OEt) [148°] 
Amido resorcin Ethyl ether 
C^Hg(NH2)(OEt)^ [1 2 6] [124°] From benzene 
o azo di ethyl resorcin (Pukall, B 20, 1148) 
Di-amido-resorcm CaHgNjOg le 
C«H^(NHJ^(0H)2. [1 3 4 6] The hydrochlo 
ride IS obtained by reducing dinitroso resorcin 
(Fitz, B 8, 683) or benzene disazo resorcin 
(Liebermann a kostanecki, B 17, 881) It gives 
a blue colour with Fe^Clg The free base is un 
stable If the hydrochloride is suspended in 
ohloroform, a little aqueous NaOH added, and 
then a large quantity of water, a beautiful blue 
colour 18 produced — B"H^SO< l|aq 

Di-amido-resorcin Formed by reduction of 
di nitro resorcin with tin and HCl (Typke, B 
16, 555) The hydrochloride (B 'H^CIJ forms 
easily soluble flat needles Fe^Cl, produces a 
ppn of steel blue prisms of di imido resorcin 
AMIDO- SALICYLIC v Oxy amido benzoic 
DI - AMIDO - SIILBEKE t; Di Amido dx 

i PHENYL ETHYLFNE 

AMIDO 8TEYCHHIHE Cg.H^gNgOg le 
0„H2,(NH2)N,0, [276°] (o 280°) at 6 mm 

From nitro strychnine and SnCl2 (Loebisoh a. 
Solioop, M 6, 848) Cubes (from alcohol) Insol 
water, si sol benzoline, m sol alcohol, v e 
sol ether and chloroform Its salts are very much 
more soluble than those of strychnine , they 
turn reddish violet in moist air They give the 
general reactions for alkaloids Give no colour 
with cone H2SO4 and K^Cr^O^ A dilute acid 
solution IS turned blue by aqueous K^CrgO, or 
by FejClg. Salts — B '2HC1 prisma — B'^H^PtClg, 
Acetyl derivative 02iHg^(NAcH)NgOgaq 
[205°] (L a B Af 7, 77) 

Di - amido - strychnine C2,H2o(NH2)gN202. 
[263°] From di mtro strychnine, tin, and HCl 
fHannot, C R 96, 686, Bl [2] 41, 236) Prisma 
(from ohloroform) , v al sol water and ether, 
m sol alcohol, v sol ohloroform Gives no 
colour with oono and K^CrgO,. A dilute 

acid solution is turned violet-blue by oxidising 
agents such as K^Cr.O^Aq or NaOOl 
p-AXIDO-STY^E G,H,N le 
cX(NB^CHCH,. [76°-81°] AbodyofUiii 
oomi^sitmn is formed by reduoiug p mtro- 
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ciniAmio ftoid with Un and HCl (Bender, B 14, 
"^2359)t i^nd by heating ^ amido-cinnamio acid 
(Berathsen a. Bender, B 16, 1982) — B'sH^PtCl^ 
o AMIDO STYEYL.ACRYLICACIDO„H„NO, 

0„H^(NBy CH CH CH CH CO,H o Amxdo 
emyuimenyl-acrylic acid [177°] Formed by 
reduction of o-mtro styryl acrylic acid with 
ferrous sulphate and ammonia Yellow needles 
V sol chloroform, ether, alcohol, and acetic 
acid, si sol CSj and hot water, v si sol cold 
water Its ethereal solution has a green fluores 
cence It forms salts with acids and with 
bases The hydrochloride is easily soluble, 
the sulphate sparingly soluble The salts with 
bases are deep yellow 
• Acetyl deriv ative 
C A(NHAc) CO,H [253°] Small white 

tables, sol hot alcohol, si sol cold alcohol and 
ether, insol water (Diehl a Einhorn, JS 18,2332) 
0 AMIDO-STYRYL-PKOPIONIO ACID 
C,H,(NHJCHCHCH,CH,C0;H o Amido 
cinnamyl-acetic acid [69° hydrated] Ciystals 
( + H^O) Easily soluble m ordinary solvents 
Formed by redaction of o amido styryl acrylic 
acid with sodium amalgam (Diehl a Einhorn, 
B 20, 378) 

AMID0-8TJCCINAM1C ACID v Asparagine 
AMIDO-SUCCINXC ACID v Aspartic acid 
Di-amido-suocinic acid i e 

CO,H CH(NH,) CH{NH ) CO H [125°] 

Formation — 1 From di bromo succinic acid 
and NHj (Lehrfeld, B 14, 1817) —2 By redu 
cing the di phenylhydrazide of di oxy tartaric 
acid, CO,HC(N^Ph) C{N^Ph) CO,H, in alka 
line solution with sodium amalgam The yield 
is 85 p c of the theoretical (Tafel, B 20, 247) 
Properties — Pnsms , v si sol water, alcohol, 
ether, acetone, acetic acid, chloroform, aniline, 
phenol, and CS^. Sol aqueous acids and alkalis 
Di-amido-snociiilc acid [151° 

nnoorr ] White needles or prisms Sol water, 
alcohol, and ether The acid is isomeric with 
the preceding The ether is formed by the 
action of NHj on di chloro succinic ether 

Diethyl ether A^Etj [122° uncorr] 
Colourless needles or trimetnc prisms Sol 
alcohol and ether, v si sol water 

Salts — A"Ag 2 and A'Tb msol pps — 
A"Cu green pp 

Di nwide C 2 HflN 2 (CO NRJ 2 [160° uncorr] 
Long slender needles Insol water and ether 
(Claus a Helpenstem, B 14, 624 , 15, 1850) 
AMIDO - SDCCINDBIC ACID v Ubamido 

•UOOINIO ACID 

AMIDO - SULFHOBEKZIDE v Amido di 

PHENYIi 8DLPH0NE 

AMIDO-SULPHO-BENZOIC ACID C,H,NSO, 
%e C,H 3 (NH 2 )(SO,H)(CO,H) [13 5] From 

nitro m«sulpho benzoic acid and aqueous am 
monium sulphide (Limpnoht a Uslar, A 106, 29) 
Keedles, v sol hot water, m sol alcohol, v si 
aol ether Blackened by heat Combines with 
bases but not with acids 

(a) axnido-sulpho bensoie aoid O^H^NSO^aq 
ts C.H,(NH2)(80,H)(C0,H) [1x 5] Obtained, 
together with the followmg acid, by sulphona- 
tion of m-amido-benzoic acid (Griess, J pr [2] 
6, 244) Four-sided laminie, m sol hot water — 
Salt — ^BaA''2aq v si sol water 

(3)-amido-iiilp]io-beiisoio acid 0^11, 

M C*H 3 (NHJ(S 0 ,H)(C 02 H) [1^5] Six 


NSO. 

sided 


lammee , v sL soL hot water — Salt BaA'' 3aq 
m sol water 

Amido-snlpho-bansoie aoid 

C,H,(NH 2 )(S 0 ,H)(C 02 H) [1 8 6 ] Ehombio 

plates, sol hot water Dilute solutions show 
blue fluorescence (Hart, Am 1 , 363) 

Amido sulpho-beiuoio acid 
C,H,(NH2)(S03H)(C02H) [1 2 4] 

Imiie C.H,(NHj)<®q*>NH [286°] From 

the amide of p nitro toluene sulphonio acid by 
oxidation and reduction (Noyes, Am 8 , 167) 
Colourless crystals, v si sol water Its solution 
shoMS dark blue fluorescence 

AMIDO BDLFHO BENZOLIC ACID An old 
name for amido-benzene sulphonio acid v 
Amido benzene 

AMIDO 8ULFH0 PHENOLIC ACID An old 
name for amido phenol sulphonio acid v Amido- 

PHENOIi 

a AMIDO-p STTLFHO.PHFNYL.PROFIONIO 
ACID (yi,,NSO,ie 

SO 3 H C.H, CH 2 CH(NH,) CO^H 
From a amido phenyl propionic acid (20 g ),conc 
H^SO^ (30 g ) and Nordhausen acid (25 g ) (Erlen- 
meyer a Lipp, A 219, 209) Groups of short 
prisms (from water) M sol watei, v si sol 
alcohol, insol ether Does not combine with 
HCl Fused with KOH gives p oxy benzoic acid 
— Salts BaA'jlaq flat pnsms 

AMIDO TEBElHXHALIC ACID v Amido- 

PHTHAI IC ACID 

w AMIDO THIO BENZAMIDE C,H 3 N 2 S le 
C^H,(NHJ CS NHj Obtained by boiling ni nitro- 
benzoniti^e with aqueous ammonium sulphide 
(Hofmann, Pr 10, 598, B 1, 197) Needles 
(from water) Weak base Decomposed by 
heat into H^S and amido-benzonitnle Alcoholic 
solution of iodine converts it into C, 4 H,^N^ 8 , 
crystallising from water m slender needles 
[129°] Forms a platino - chloride 
CnHijN^SH^PtCl, (Wanstrat, B 6 , 332) 

p Amido - thio - benzamide [170°] From 
p nitro benzonitrile and cone H^SOj (Engler, A 
149, 299) Crystals , m sol alcohol 

AMIDO . THIO - CBESOL v Amido-toltIi 

MERCAPTAN 

AMIDO THIOPHENE G 4 SH,(NH,) Pre- 
pared by reducing nitro thiophene with tin and 
alcoholic HCl (Stadler, B 18, 1490, 2316) Yellow 
oil Very unstable, leing changed in 12 hours 
into a brittle resin The hydrochloride reacts 
with diazo salts forming stable azo compounds. 
Salts — B'HCl -B'ASnCl* 

a AMIDO-THIENYL-ACETIO ACID 
C^H^SNO, te C 4 SH 3 CH(NH,) CO,H Formed 
by reducing the oxim of thienyl glyoxylic acid 
C,SH, C(NOH) CO,H with tin and HCl (Bradley. 
B 19, 2115) Plates or grains , decomposes at 
236°-240° Salts— The acid gives pps with 
salts of Cu, Hg Bi, and Zn, but no pps with 
salts of Fe, Mg, Mn, Ur, Ni, Ba, Oa, Sn, or Pb — 
CuA'jaq — HA'HCl 

AMIDO • THIOPHENOL Amno-PflSNTL 

MERCAPTAN 

AMIDO - THYMOL 0,oH„NO 
03 H,Pp(NEy (CH,)(OH) [1 8 ? 4 6 ] Nitroso- 

thymol, prepared from sodium thymol, ENO* and 
H 3 SO 4 (Schiff, B 8 , 1500), IB reduced by 
and HCl to the well-orjirstalhsed tin salt of 
p amido thymol ‘ This is dissolved in water and 
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decomposed by H^S (Andresen, J pr 131, 169) — 
Salt B'HCl decomposes at 210®-216® 

Reactions — 1 Bleaching powder solution 
converts it mto thymo quinone-chloro imide 
{g v) — 2 A solution of bromine in NaOH 
oxidises it to thymo qumone — 8 Bromine water 
has the same effect 

Amido thymol sulphonic acid 0,oH, 4 (SOaH)NO 
is among the products of the action of cone 
KaHSOjAq upon thymoqumone chloro imide 
(A.) Needles or prisms 

Di amido thymoqumone OjoHuNA 
CJ*rMe(NHj20, or Oxy amido thymo quinon- 

imide 0,PrMe(NHJ(OH)^^ Formed by 

heating phenylamido oxy thymoqumone with 
alcoholic NHsUt 100° (Anschutz a Leather, C J 
49, 726) Dark blue crystals, msol water, ether, 
benzene, chloroform, and CS^ , v si sol alcohol , 
sol glacial HO Ac (crystallising with ^HOAc), 
▼ sol HClAq, forming a red solution 

AMIDO TOLUENE v Toluidine and Benzyl 

AMINE 

Di-anudo toluene v Tolylenb dixuinb and 
Amido benzylaminb 

TBI . AMIDO . TOLUENE 

C«H2Me(NH2)a [1 3 4 5] 

p Acetyl derivative CgH^Me(NHAc)(NH 2)2 
[1 4 3 6] [c 264°] , pearly rods (containing aq) , 
sol acetic acid and hot alcohol, msol water, 
ether, and benzene iormed by reduction of 
acetyl di nitro p toluidme (1 pt ) with tin (3 pts ) 
and cone HCl (8 pts ) The hydrochloride 
(B'HCl |aq) forms white concentric easily 
soluble needles (Niementowski, B 19, 716) 
Benzoyl derivative 

CAMe(NHBz)(NH,)* [1 4 3 6] [c 185°] 
Formed by reducing benzo>l di nitro-p toluidme 
(Hiibner, A 208, 318) Insol water, sol alcohol 
and ether Salts — B"2HC1 — B"H,S 04 

Tri amido toluene C„H,(CH,)(NH 2)3 [12 4?] 
Very oxidisable crystalline solid Tri acid base 


amine it is better to reduce it with sodium 
amalgam (Heffte^, A 221, 847) Hard pnsms 
Does not melt below 240° Insol alcohol, si 
sol cold water, v sol hot water 

Reactions — 1 Warmed with a solution of 
sulphur in ammonie sulphide it changes to the 
thiosulphonic acid, C„Hs(NH 3 )Me (SOjSH) —2 
Bromine converts it into amido toluene sulphonic 
acid — 3 Not reduced by Sn and HCl 
Salts — KA' — BaA'jicaq 
Toluene sulphamine (isomenc with the 
above) [132°] Got by heating p amido toluene 
sulphmic acid with cone HCl It is a base 
Microscopic prisms (got by adding NH, to its 
solution m HCl) V sol alcohol and ether, but 
separates from them m a resinous form , si s^ 
water Dissolved by treatment with water and 
sodium amalgam (not NaOH alone) formiijig 
Bodic amido toluene sulphmate 

Salts — B'HCl si sol HCl, v sol water or 
alcohol — B' 2 H 2 S 04 — B'HBr changes readily 
mto amido toluene sulphonic acid — B'HNO, 
warmed with HNO, forms amido toluene 
sulphonic acid 

Di-amido-toluene tulphinio acid C^HioNjSO, 
te CttH2Me(NH2)2S02H Tolylene di amine 
stilphinic acid S 047 at 20° From 
C„H2Me(NH2)^S02SH by boiling with HCl (Perl, 
B 18, 70) Silky needles (containing aq) V si 
sol water, msol alcohol, ether, and glacial 
I HOAc — PbA'^ 2aq minute needles 
I AMIDO-TOLUENE SULPHONIC ACIDS 
C^H^NSO, (Limpricht, B 18, 2172) 

I o AmidO'toluene sulphonic acid 
C H3Me(NH2)S08Haq[l 2 5] o Toluidine sul- 
I phonic acid S 2 76 at 12° (H Hasse) 

Preparation — 1 By heating the acid sul 
phate of o toluidme at 220°-230°, or in a metal 
dish till solid (Nevile a Winther, C J 87, 626 , 
B 18, 1941, Gerver, A 169, 374, Pagel, A 
176, 292) — 2 By reducing the corresponding 
nitro acid (Foth, A 230, 30b) 

Salts — KA'aq tables and prisms — 


Prepared by reduction of nitro tolylene m 
diamine B'"(HCl)g and B'"j(H 2 S 04)3 are white 
crystalhne sohds (Buhemann, B 14, 2657) 

AMIDO-TOLUENE 8ULPHINIC ACIDS 

CANSOj 

o Amido-toluene sulphiuic acid 
C^HjiMe^Hj) SOjjH [1 2 ^ j o- Toluidme sulphmic 
acid » 148 From o amido toluene thio 

sulphonic acid and sodium amalgam (Paysan, 
A 221, 861) Bectangular tables, si sol water 
or alcohol, msol ether or benzene At 160° it 
decomposes without melting 

Re^tions — 1 With yellow ammonic sulph 
ide forms amido toluene thiosulphonic aciX — 
2 EMn 04 forms anudo toluene sulphonic 
acid — 3 Boilmg HCl forms the isomenc toluene 
sulphamme —4 Nitrous acid forms a diazo com 
pound which when warmed with alcohol forms 
the ethyl denvative of cresol sulphonic acid 
Salts — KA' — BaA', 2aq — AgA! 

Toluene lulphamine C^H^NSO,. [176°] Got 
by heatmg o amido toluene sulphmic acid with 
HCl and ppn. by NEL, Needles m stars (from 
alcohol) —B'HCl groups of slender needles 
j>Axiiido-toliiene tulphinio acid CtH^SO^ 
0 flO^ [14 6] From 
C 4 H,(N^Me(SO,SHl by boibng with HCl but 
imoe muoli then onanget to toluene sulph 


NaA'4aq tables —BaA'27aq tables and pnsma 
— AgA' prisms 

Reactions — 1 Bromine water forms first 
CH, CeH 2 Br(NH 2 )SO,H [1 3 2 6] then di bromo 
toluidme C 8 H 2 (CH,)(NH 2 )Br 2 [l 2 3 6][46°] is ppd 
2 Fused with alkalis or heated with water or 
aqueous HCl to 190° it forms o toluidme — 3 
! Nitrous acid and alcohol give m toluene sul 
' phonic acid —4 With o toluidme at 236° it 
forms a red dye 

o Amido*toluene sulphonic acid 
0AMe(NH2)(S0,H) [1 2 3] Obtained by re 
duemg the corresponding nitro acid (Pechmann, 
A 173, 216) Mmute needles, si sol cold 
water Gives o toluidme when fused with KOH 

o-Amido-tolnene sulphonic acid 
C,B[,Me(NH2)(S08H)aq[l 2 4] From the nitro 
acid (Bex, Z 1869, 211 , Beilstem a Euhlberg, 
A 166, 21 , Weokwarth, A 172, 198 , Hayduck, 
A 172, 204 , 174, 843 , Herzfield, B 17, 904) 
Long needles or four sided prisms S 974 at 11° , 
msol alcohol The aqueous solution is turned 
violet by FejCl, Potash fusion gives o amido- 
benzoic acid Bromme gives di-bromo toluidme 
sulphomc acid Salt s. — NaA' 4aq — KA' aq — 

BaA',24aq— PbAV 

Amide, — 04 H,Me(NH,)SO,NH, [176°], 
S 22 at 93° From C«H.Me(NO,)S02NB, 
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[128®],NH,.andH,S(Pay8an,il 221,210) Four- 
aided oolumne i 

Sail — C«H,Me(NH,Cl) SOj^NH, [240=’] 
m Amido-toluene aalphonic acid 
0^,Me(NH2)S0,H [13 2] m Tolmdtne sul- 
phomc acid r275°] By sulphonation of m- 
toluidme (Lorenz, A 172, 186) Tables or 
plates, si sol water Bromine water produces 
tri-bromo toluidme 

Salts — BaA'jOaq — PbA'^3^aq 
m Amido toluene sulphonio aoid 
C„H,Me(NH2)SO,Haq S (dry) 14 at 19® From 
bromo toluene sulpbonic acid CgHjMeBrSOgH 
[1 2 4] by nitration and reduction (Hayduck, A 
174, 850) Minute needles 
^ p Amido-toluene exo sulphonio aoid 
CgH,(NH,) CH, SOgH [1 4] p Amuio benzyl aul- 
^hontc acid S 097 at 10° Formed by reducing 
the mtro acid by NH, and H^S (Mohr, A 221, 
219) Prisms, insol alcohol, si sol cold water 
Salts — KA'2iaq — BaA'^Saq 

The diazo derivative, CH^SO,^ 

is converted into CgH^(OEt) CHj SOj,H by heating 
with alcohol under 1100 mm pressure 
p Amido-toluene sulphonio acid 
C«H3Me(NHJS03Haq [14 2] p Toluidme sul 
phonic acid S 45 at 20° A product of sul 
phonation of p toluidme (Sell, A 126, 165, 
Malychclf, Z 1869, 212) , formed also by re 
ducmg p nitro toluene sulphonio acid (Beilstem 
a Kuhlberg, A 172, 230) Rhombohedra (con 
taming aq) Reduces warm ammoniacal 
AgNOg Its aqueous solution is turned rod by 
Fe,Clg (Herzfeld, B 17, 904) 

Salts — KA' — Ba A'g aq — PbA'j 
Amide — CgH,Me(NH,)S0,NH2. [164°] 
From CgH3Me(NO,) SO,NH, [186°] by reducing 
with NHg, and HoS (Heffter, A 221, 209) Salt 
CeHgMe(NHgCl)S02NH2, converted by cone HCl 
and nitrous acid into CgHsMeCl SOjjNHj [138°] 
p Amido toluene sulphonic acid 
CgH,Me(NH2)SOgH [14 3] S 10 

Preparation — 1 By sulphonatmg p tolui- 
dme at 180° , the preceding acid is also formed, 
especially if the operation is protracted (Pech 
mann, A 173, 195) — 2 By heating p toluidme 
acid sulphate at 220°-240° (Nevile a Wmther, 
C J 37, 632) 

Properties — Yellowish crystals Less soluble 
in cold water than the o compound 

Reactions —1 Bromine forms much di 
bromo-toluidme, CaH2(CH3)(NH2)BrBr [1 4 3 6], 
[73°] and also a bromo toluidme sulphonic acid 
2 Water at 180° forms p toluidme and H^SO, — 
8 Potash-fusion gives p oxy benzoic acid — 
4 Nitrous ether gives m toluene sulphonic acid 
Salts — BaA'jSaq — PbA'22aq — AgA' —The 
K salt 28 insol m cold KOHAq (difference from 
preceding acid , Schneider, Am 8, 274) 

Amido toluene-o sulphonio aoid 
CAMe(NH2)(SOgH) [1x2] S 84 at 22° 
From the (1, 4, 2) acid by nitration, removal of 
KHj, and reduction (Pagel, A 176, 806) — 
BaA'j21aq — PbA^jaq 

Amido-toluene sulphonio aoid. Obtained by 
reducing the product of successive sulphonation 
imd miration of toluene ^Hayduck, A 177, 57) — 
Blinute crystals (containmg aq) — BaAV 
o Amido toluene di sulphonic aoid 
CgH^NSgO, C.P,Me(NHJ(SOgH)a [12*3 5] 


o Toluidme d% sulphomc acid Formed l^om 
OgHgMe(NHg)SO,H [1 2^] and fuming HgSO, by 
heating an hour at 160° (Nevile a Wmther, C / 
41, 421) Needles, grouped m stars , soL water 
and alcohol 

Salts (H Basse, A 280, 287) — BaA"3aq - 
BaH^A^gSiaq — KgA"2aq — Na^A^Baq — 
CaA"6aq — PbA"2aq — PbH2A"j6^aq 

Reactions — 1 By conversion into the 
diazo compound and subsequently boiling with 
HNOg it IB converted into dU nitro o cresol 
0gH2Me(0H)(N02)2 [1 2 3 6] —2 At about 240° 
it sphts up mto SOg and CgHaMe(NH2)(BOgH) 
[1 2 6] — 8 By Cl SOgH at 230° it is changed 
mto an isomeric acid with a salt 6aq 
o-Amido-toluene disulphonio aoid 
CgH2Me(NH2)(S03H)j2aq [1 2 4 x] From 
C,HgMe(NH2){SOgH) [1 2 4] and ClSOgH at 170° 
(Saworowicz, B 18, 2181) Minute pnsms 
At 800° it decomposes mto SOg and 
C«H3Me(NH2)80gH[l 2 4] Salts — BaA"2aq — 
CaA" 2aq 

m Amido toluene disulphonio acid 
C«H2Me{NH2){80,H)2 [13 2 x] By sulphona 
tion of m toluidme (Lorenz, A 172, 188) Easily 
splits up mto SOg and the mono sulphonic acid 
Salts — BaH2A"2(?12i)aq — PbA" 2aq 
p Amido toluene disulphonio acid 
C,H2Me(NH2)(SOgH)2 [14 2-1] From p iolui 
dine ana fuming HjSO^ at 200° (Pechmann, A 
173,217) Nodules, v e sol water and alcohol 
Salt — BaA" 3aq laminae 
p Amido-toluene disulphonio acid 
C«H2Me(NH2)(S03H)j2|aq[l 4 2 x] Formedfrom 
C„H3Me(NH2)(SOgH) [1 4 2] by ClSOgH at 150° 
or fuming HgSOg at 180° (L Richter, A 230, 
331) Long silky needles, v sol water, sol 
alcohol At 290^ it splits up mto SO, and 
CgH3Me(NH2)(SOgH) [1 4 2] 

Salts — BaA"aq — BaH^A^'jl^aq — 
BaKgA^g^q — K2A"2aq —PbA" l^aq 
p Amido toluene disulphonio acid 
CgH2Me(NH2)(SOgH)22aq [1 4 3 x] Formed from 
C«H,Me(NH2)(SOgH) [14 3] and HgSO, or 
ClSOgH (L Richter, A 230, 314) Mass of 
minute needles (from water) With water at 140" 
(or dry at 200°) it splits up mto SO, and 
OgH3Me(NH2)(SOgH) [1 4 3] This acid is perhaps 
identical with that of Pechmann 

Salts — BaA"8aq — BsHgA'^gBaq — K,A"2aq 
—PbA" — PbA"2aq 

Diazo derivative *08H2Me(N2SOg)"SO,H 
V sol water, insol alcohol KA' — BaA', — PbA'^ 
Hydrazine derivative — From the diazo 
acid by SnCl, 

(CgH2Me(N2H,)(SO,H)SOg)2Ba2Jaq 
Reduces HgO, ammoniacal AgNO,, FogCl, and 
Fehlmg solution 

Amido toluene di-sulphonio aoid 
CgH2(NHg)Me(80gH)2(?2)aq Fromp-bromo tolu- 
ene disulphonio acid by nitration, and reduction 
of the resulting nitro toluene disulphonio acid 
(Komatzki, A 221, 198) 

Di-amido-toluene exo sulphonic aoid 
C,H„N,SOgic C,H,(NHg),CH,SO,H Dt^ido^ 
benzyl sulphomc-aM Formed by reducing 
CA(N02),CHgSO,H with NH. and H,S (Mohr, 
A 221, 228) Silky needles 

Bi amido-toluene sulphonic acid 
CAM6(NHg)g80gH [12 4 6] Formed from 
CgHgMe(NO^(NH,)SO,H and SnCl, (Foth, A. 
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280, 809) Small brownisH pnsms, rhombohedra 
(from water) Salts —HA'HCl aq prisms, de- 
composed by boiling water — HA'HBr aq — 
BaA', 5Aaq — KA' aq 

o-AlllBO - TOLUENE - THIO - SULPfiOinC 
ACID C,H,NSAt-« C,H,Me(NH,)SO,SH [1 2 4] 
From CA(N02)MeS02Cl and ammonic sulphide 
(Limpncht a Paysan, A 221, 360) Four sided 
prisms Decomposes without melting at 115° 
SI sol cold water, insol alcohol Warmed with 
HCl forms S and toluene sulphamme Salt — 
AgA' 

jT-Amido toluene thio-sulphonxo aoid 

CA(NH,)Me SO,SH [14 6] Formed from 
CA(NO,)MeSO Cl [44°] and ammonic sul 
phide (Limpncht a Heffter, A 221, 346) Hard 
yellowish prisms (from water) Decomposed at 
120° without melting Insol alcohol or ether, 
si sol water Decomposed by HCl with deposi 
tion of S and formation of C^Hj(NHJMeSO^ 
Salts Ba A'2 2aq — AgA' 

Di-amido«toluene thiosulphomo acid 
0,H,oN,SA»« CA(CH,)(NHJ,.S02SH [162°] 
Formation — 1 By reduction of di nitro 
toluene sulphonic chloride with ^H,HS — 2 By 
reduction of di nitro toluene sulphinic acid with 
NH4HS Small silky prisms V si sol water, 
insol alcohol and ether 

Slalts— A'Ag white insol pp — A'Na large 
tables— A'jPb easily soluble (Perl, B 18, 67) 
AMIDO-TOLUIC ACIDS CgH.NO^. Amido 
toluylic a^ids 

(ft).anudo-o toluio acid C«H3Me(NH^)C02H 
[14 2] [196°] Formed by reducing (a) nitro 

o toluio acid (Jacobsen, B 17, 164) Small 
prisms, V sol hot alcohol, and hot water, si sol 
cold water Converted by nitrous acid mto 
oxy toluic acid [172°] 

{$) amido 0 toluio acid CflH,Me(NHJCO^H 
[1 6 2] [191°] Formed by reducing (/3) nitro- 
o toluio acid (Jacobsen, B 16, 1959 , 17, 164) 
Small needles, v sol cold water Converted by 
nitrous acid into oxy toluic acid [183®] 

(7) amido-o toluio acid C„H,Me(NH2)C0,H 
[16 2] [163°] (Hoemg, B 18, 8449), [c 

166°] (J) 

Formation — 1 By reducing (y) nitro-o- 
toluic acid — 2 By heating nitro phthalide [141°] 
with HI and P at 206° Colourless needles, 
may be sublimed, but at 200° it splits off COj 
formmg m toluidme V sol hot alcohol, m 
sol hot water and ether, si sol chloroform, 
benzene, and cold water Nitrous acid produces 
oxy toluio acid [179°] 

Salts HATBLCl slender needles — “CuA', 
— HA'H2P04 plates 
Amido m-toluio add 
[1 4 3] or [1 4 6] 

Formation — 1 The hydrochloride is ob 
tamed by warming methyl-isatoio acid with 
HClAq (Panaotovid, J pr [2] 83, 61) - 2 The 
same acid is got from m toluio acid by nitration 
and reduction (Jacobsen, B 14, 2864 , compare 
Fanaotovid, loc cU ) 

Properties — Tnmetno, thread like rods (from 
water) 81 soL water, v sol alcohol and ether 
Balt HA'HGl [207°] Colourless triraetrio 
pnsms , m sol water and aloohol, si sol ether 
Methyl ether C^B^Ue{m3iACO^e [62°] 
From me&yl-isatoio acid and MeOH at 180° 
Blender columns , si sol water 


[178°] Prom 

methyl isatoio aci<^ and NH,Aq Small columns 
(from water) , v sol alcohol 

Antlide C«H,Me(NH2)CONPhH [240°], 
Pearly tablets (from alcohol) , v si sol water 
Phenyl hydrasside C3H8Me(NH2) CO NAPh, 
[198°] From methyl isatoic acid and phenyl- 
hydrazine Pearly crystals (from alcohol) , v 
si sol water Forms a violet solution with 
cone EL®^4 

(iS) Amido-toluio acid C,H,(CH,)(NH2)(CO,H) 
[12 3] [132°] Obtained by nitration and 

reduction of m toluic acid (Jacobsen, B 14, 
2354 , compare Panaotovid, J pr [2] 83, 61), 
Small hat prisms , m sol water 

Amido m toluio acid Benzoyl derxva* 
tive C^H3(NHBz)MeC02H [6 or 6 1 3] Formed 
by oxidation of benzoyl iso cymidme (Kelbe a« 
Warth, A 221, 168) Small yellowish needles 
(from alcohol) 

DI-AMIDO-DITOLYL C,4H,.N,. 
Di-amido-ditolyl 

[4 3 1] (NHJMeCA C.H,Me(NH2) [18 4] o- 
Tolidine [112°] 

Formation — 1 By passing Cl^O into an 
ethereal solution of 0 hydrazotoluene (Petrieff, 
B 6, 667) — 2 By heating 0 hydrazo toluene 
(Petneff, B 6, 657) — 3 By heating 0 hydrazo 
toluene with HCl (Schultz, B 17, 467) —4 By 
warming an alcoholic solution of 0 azo toluene 
with SnCl^ and HCl (8 ) 

Pearly plates , v sol alcohol and ether, si 
sol water Converted by diazo reaction into m 
ditolyl Converted by boiling its diazo perbro- 
mide with alcohol, into a di biomo ditolyl, which 
oxidises to bromo m toluic acid [1 2 4], [206°] 
Salts — The sulphate and hydrochloride are 
sparingly soluble m water 

Acetyl derivative 0,sH„Me2(NAcH),. 
[315° cor ] 

Di amido-ditolyl Tolidine 
The sulphate, B"H2S04, separates slowly 
when a few drops of ASO, are added to an 
alcoholic solution of m hydrazotoluene (Gold 
schmidt, B 11, 1626) The free base has a low 
melting point Gives a blue colour with Fe^Cl, 

‘ Di amido-ditolyl ’ [107°] Formed by the 

action of SO2 or of SnCl^ and HCl upon an 
alcoholic solution of p azo toluene (Melms, B* 
8, 664 , Schultz, B 17, 472) Silvery plates 
Gives a blue colour with FejCl^ Fischer {B 
26, 1019) has shown this body to be tolylene 
tolyl diamine 

Di amido i4-ditolyl 

[4 3 1] (NHJMeCA C;H,Me(NH,) [12 4]? 

o m Tolidine Formed by the action of 
SnCl2 and HCl on an alcohohc solution of 
o m azo toluene By diazotisation in alcoholic 
solution it IS converted into a ditolyl of boiling 
pomt 270° which on oxidation gives isophthaho 
acid 

Salts — B"H20l2 easily soluble silky needles. 
— B'HjSOi* very sparmgly soluble plates 
(Schultz, B 17, 471) 

AMIDO-TOLYL-BEirZAMIDIirE 
NH* Cja,Me.NH C(NH) C^* [212°] From ben- 
zonitrile and (1 2,4)-tolylene-diamme hydro 
chloride (Bemthsen a Trompetter, B 11, 1768) 
White ne^es. — ^B'HCl prismatic tables 
AXlDO-TOLYL-lSO-BUTAinS C„H„N 
C^H,Me(C4H,)NH2 [lA 2] (243°) Prom o- 
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lolnidine aii< 1 isobtiiyl alcohol (Effront, B 17, 
2820) Salts — B'HCl —B'HBr — B'^^SO,.— 

BAOA 

Acetyl derivative [162®] Plates 
Benzoyl derivative [168®] Needles 
Amido-tolyl isobutane 0,H,Me(CA)NH, 
[1 3 2] (244®) From o toluidme, isooutyl alco- 

hol, and ZnClj (Erhardt, B 17, 419, Effront, 
B 17,2340) Formyl derivative [105°] 
Acetyl derivative [142®] 

0 AMIDO-TOLYL-ETHAKE C^H.jN te 
C^H,Me(NH-;)Et (230°) Methyl ethyl phenyl- 
amine Amido ethyl toluene From o toluidme, 
alcohol, and ZnCl^ at 270® (Benz, B 16, 1650) 
Salts — B'^^S04 — B'^H^C 0^ 

^ Acetyl derivative [106°] (314°) 

DI- AMIDO DI-TOLYL ETHYLENE DIA- 
MINS V DI Toltlene ethylene tetra amine 
AMIDO -TOLYL MEBCAPTANS G^NS 
Amido thw cresols Amido tolyl sulphydrate 
Prepared by reducing the chlorides of the cor- 
responding nitro toluene sulphonic acids (Hess, 
B 14,488) 

Amdo-o tolyl mercaptan 0«H,Me(NH ) SH 
[1 4 2] [42°] Sol alcohol, ether, alkahs, 

and acids , oxidised by air 

Salt — B'HCl prisms or tables 
Acetyl derivative [195°] slender needles, 
insol HCl 

Amido-m tolyl mercaptan CuHjMe(NHj)SH 
[14 3] Oil , oxidised in air gives with HgCl^ a 
white crystalline pp , with Pb(OAc)2 a yellow 
amorphous pp Gives anhydro compounds with 
formic acid, acetic anhydride, and benzoyl 
chloride 

Amido p tolyl mercaptan C«H3Me(NH2)SH 
[1 2 4] Oil Oxidised by air to the disulphide. 
Salt — B'HCl short needles 
Acetyl derivative [240®] 

Amido tolyl mercaptan C^njMe(NHJSH 
[1 2 ?] From o nitro toluene sulphochloride 
[36°] Oil 

Salt — B'HClaq six sided tables Gives 
with Fe^Clfl a pp of the disulphide HgCl, 
gives glistening plates, and alkalme lead acetate 
gives a yellow pp 

AMIDO-TOLTL METHYL KETONE C,H„NO 
le [12 5] C,H3(CH,)(NH2) CO CH, [102°] 

(280°-284®) Prepared by heating a mixtuie 
of 0 toluidme (1 pt ), ZnClj (2 pts ), and acetic 
anhydride (3 or 4 pts ), for 8 or 9 hours (Klingel, 
B 18, 2696) Flat white needles V sol 
alcohol, ether, and hot water, v si sol benzene 
and petroleum -ether Salts — B'HCl flat 

white soluble prisms — B'^HjClaPtCl^ yellow 
needles, v sol alcohol, si sol hot water, m- 
soluble ether — B'^H SO4 white needles 
Acetyl derivative 

C,H,Me(CO Me)(NHAo), [144®] , white crystals , 
T sol alcohol and warm water 

AMIDO T0LYL.(aa) DIMETHYL-PYBBOL 
C^NHjMe^C HeNH*. [78®] (322°) Obtamed 

by heating its dicarboxyhc acid {v infra) 

m AMIDO TOLYL (aa)-DI METHYL PYB 
BOL (8J8)-DICABB0XYLIC ACID C.^H.^NA tc 
C,NMe2(C H„NH2)(002H)2 From m tolylene 
diamme and diacetyl succinic ether (Knorr, A 
286, 818) Yellow plates (containing 2aq) At 
208° it gives OO2 and m-amido-tolyl (aa)-di- 
methyl pyrrol Ether Et A" [134®] 


AMIDO TOLYL-OCTANB i^ 

C„H,Me(NH2)C,H„ [826®] From n-octyl alco 
hoi, o-toluidme, and ZnCL^ at 280® (Beran, B 18, 
146) Salts —B'HCl — B^R^O^ - B'AC.O, 

Acetyl derivative [81®] 

DI AMIDO-DI TOLYL-OXAMIDB v OxalyU 
di-Tolylene tetra amine 

AMIDO TOLYL SDLPHYDBATE v Amido* 

TOLYL MERCAPTAN 

DI AMIDO DI TOLYL SULPHIDE 

O^H.^NjS le (C,H,MeNH2)2S [14 2] Thw 
toluidine [103 '] Prepared by heating p tolu- 
idme, sulphur, and litharge together at 150® 
(Merz a Weith, B 4, 393) Lamm® (from alco- 
hol), si sol water 

S alts —Decomposed by water — B"2HC1 si 
sol cone HClAq - B"H2PtCl, — B"H SO4 — 
B"H 2 S 04 2aq - B"H2Br2 — B"H2l2 — 
B"(C,H2(N02),0H)3 [179®] silky yellow needles 
(from benzene) , v si sol ether and cold water 
Diacetyl derivative [211®] 

Dibemoyl derivative [18b°] (Truhlar,J3 
20, 664) 

Di amido di p tolyl sulphide v-oarboxyUo 
ether SlCeHjMft NH CO ^Et)^ Thw p tolyl 

urethane [113®] From the preceding and 
ClCO^Et Crystals, v sol alcohol, ether, and 
benzene (T ) 

AMIDO TOLYL UBEA C,H„N,0 1 e 

NH2CONHC«H,MeNH2 Formed, m small 
quantity, by the action of tolylene diamine 
sulphate on potassium cyanate (Strauss, A 
148, 169) V sol alcohol 

Di amid > di p tolyl urea CO(NH C,Hg NHJ^. 
Formed by reducing the corresponding nitro 
compound (A G Perkin, C J 37, 700) Minute 
satiny needles , si sol alcohol — B" 2HC1 
AMID0-TYE08INE C„H,2N20, i e 
C,H,(OH){NH2) CO2H From nitro 

tyrosine (Beyer, Bl 1867, 11 369) Crystalline 
powder , v sol water, si sol alcohol 

Salts — B"H2Cl2aq— B'R^SO^— B"2H2S04 
— (B"H2S04)2ZnS04 

AMIDO-UBAMIDO BENZOIC ACIDS 
C,H,N,0, le NH2 CO NH C«R,(NH2) CO2H 
Prepared by reducing the two nitro-uramido 
benzoic acids (Gness, B 5, 195) 

(a) Acid Plates , si sol water, v si sol 
alcohol Salts — HA'HCl — AgA' 

(8) Acid Plates , m sol hot water Forms 
no hydrochloride Boiling aqueous baryta or 
HCl forms NH, and amido oarboxamido 
benzoic acid, of which the banum salt, 
Ba(C,H4N20s)2 4aq crystalhses in needles 

(a) AMI^-UVITIC ACID C^H^NO^ le 
C,H2(NH2)(CH,)(C02H)2 [2 13 5] (?) Colourless 
solid SI sol water Prepared by reduction of 
(o) nitro uvitic acid (Bdttmger, B 18, 1983) 

(8) Amido-uvitio acid [0 256®] (Bdttinger, 
B 9 807) 

AMIDO VALEBIC ACIDS C,Hi,NO,. 
o Amido n valeric acid 
CH, CH2 CH, CH(NH,) CO2H 

Formation— I From n-butyrio aldehyde- 
ammonia and aqueous HCN (Lipp, A 211, ^9) 

2 From its benzoyl denvative which occurs 
among the products of oxidation of benzoyl 
comme (Baum, B 19, 606) — 8 From bromo 
valeric acid and NH,Aq at 180® (Jaslm, BL [2] 
87 . 3 ) 



100 


AMIDO-VALERIO ACIDS 


ProptrtieM - - White glietening plates , v sol 
water, ^ sol alcohol, insol ether , may be 
sublimed Has a sweet taste Is optically m 
active Neutral to litmus 

Salts — HA'HCl needles or groups of 
pnsms, only deliquescent in very moist air 
-HA'HNO, — (HA'H 01 ) 2 PtCl, — CuA', small 
blue plates, si sol water, insol alcohoL — AgA' 
crystalline pp , si sol water 
7 -Amido-valerio aoid 

CH, CH(NBy OH 2 .CH, OO^BL [198° unoorr ] 
Obtained by reduction of the phenyl hydrazide 
of jS aceto propionic acid — 

CH, C(N,HPh) CHj CHj OO^H in alcoholic solu 
tion with sodium amalgam and acetic acid (Tafel, 
B 19,2415 , 20,249) White plates V sol water, 
nearly insol alcohol, insol benzene and ether 
On heating it splits off H^ and the anhydride 
distils The hydrochloride forms ghstemn 
plates, easily soluble in alcohol 


Anhydride 


CH, CH CH^CH, CO 


methyl pyrrol di hydride (^248° i V ) at 743 mm 
colourless liquid which solidifies m a freezing 


mixture V sol water, alcohol, ether, and ben 


zene Its nitrosamine is a yellow oil 


a Amido-iso valeno acid 


(CH,),CH CHINHj) CO^ 

Formation — 1 From NH, and a bromo iso 
valeric acid (Cahours, A Suppl 2, 83 , Fittig a 
Clark, A 139, 199 , Schmidt a Sachtleben, A 
193, 106) or a chloro iso valeric acid (bchle 
busch, A 141, 326) — 2 From its nitrile (Lipp, 
A 205, 18 , B 13, 906) 

Properties — Colourless laminae, composed of 
minute monoclinio pnsms , v sol water, v si 
sol cold alcohol or ether Neutral May be 
sublimed 

Salts — HA'HCl large tables, not deli 
quescent m moist air — HA'HNO, — CuA', 
scales, si sol hot water ~ AgA' spherical 
groups of crystals, v si sol water 

A mide Me^CH CH(NH,) CO NH, The hy - 
drochloride, got by action of fuming HCl on 
the nitrile, forms monoclinic plates, v sol water 
— ^B'HCl),PtCl 4 prisms 

Nitrile Me^CH CH(NH,) CN From iso 
butyric aldehyde ammonia and HCN (L ) 
Yellow oil , m sol water, v sol alcohol and 
ether , gradually changes to imido di valero- 
nitnle, NH(CHFr CN)„ giving off NH, Salts — 
B'HCl msol ether —(B'HCl),PtCl, 

$ A 2 nido-tso*val 6 rio aoid 
(C^,C(NH,)CH,.CO,Haq [c 216°] 

Formation — 1 Among the products of oxida 
tidn of the sulphate of diacetonamme (Heintz, 
A 198, 51) —2 By reduction of & mtro iso 
valeno acid (Bredt, B 15, 2321) 

Properties —Crystalline powder, begins to 
sublime at 180° V e. sol water, si sol alcohol, 
insol ether 

Salts — HA'HCl aq needles, [0 120°] — 
(HA'HCl), PtCl^ —CuA'j2aq large crystals — 
AgA' — (AgA'),AgNO,aq 

Amido valeno aoid 0 ,Hg(NE[ 2 ) 0 ,. Found 
in the radicles of the sproutmg lupin seeds It 
occurs along with amido phenyl propionic acid, 
from which it may be separated by virtue of the 
greater solubihty of its copper salt (Schulao a. 
Barbien, J pr [2] 97, 852) 


! 


ProperUes — Glittering plates, resembling 
leucme (from alcohol) When heated, a woolly 
substance sublimes out of it Gives no jjp. 
with cupric hydrate or acetate (difference from 
leucine) Salt — HA'HCl deliquescent prisms 
Constitution — Probably identical with 
Lipp’s o amido n- valeric acid {A 211, 854) 
Anudo-valeno acid Occurs m the pancreas 
of oxen (Gorup Besanez, A 98, 16) Prisms , 
V si sol alcohol (difference from leucine) The 
hydrochloride forms slender deliquescent 
needles An amido valeric acid was found by 
Schutzenberger {A Ch [ 6 ] 16, 283) among the 
products of the decomposition of albumen by 
baryta water 

AMIDO VEEATRIC ACID v di methyl-di 

01 V AMIDO BENZOIC ACID 

AMIDOXIMS Oxy amidines Oxy imid> 
gamides The oxims of amides, the general 
formula being B C(NOH) NH, 

Formation — 1 By action of hydroxylamine 
uponmtriles R CN + N(OH)H,-=K C(NOH) NH, 

2 By heating the thio amides with alcoholic 
solution of hydroxylamine (Tiemann, J5 19, 1668) 
B CS NH, + H, NOH = B C(NOH) NH, + H,S 
Properties —The amidoxims combine with 
acids , they also contain hydrogen displaceable 
by metals The acid salts of the alkaline 
metals, BC(NOK) NH„BC(NOH) NH, crystallise 
i\ell The stability is increased by the presence 
of electro negative substituents , thus, nitro 
benz amidoxim can be reduced to amido benz 
amidoxim without destruction of the amidoiim 
group 

Ethers — B C(NOEt) NH, These are formed 
by the action of iodide of ethyl (or of other alkyls) 
upon the alkaline salts, such as B C(NOK) NH, 
They are bases 

Reactions — 1 Split up by treatment with 
acids or alkalis into NH„ hydroxylamine, and 
the corresponding acid B C(NOH) NH, + 2H,0 
B CO OH + H,NOH + NH, This reaction takes 
place most readily with methenyl amidoxim 
(isuretine) andethenyl amidoxim, while benzenj 1 
amidoxim requires long boiling with HCl before 
it IS decomposed In this saponification of 
amidoxims the amide seems to be first formed 
B C(NOH) NH, + H,0 = B CO NH, + HgNOH -2 
The hydrochlorides are converted by sodium ni- 
trite into amides B C(NOH) NH,HC1 + NaNO, - 
BC0NH, + NaCl + N,0 + H,0-8 They com 
bine with phenyl cyanate forming bodies called 
uramidoxims , eg Ph C(NOH) NH, - 1 - PhNCO =» 
Ph C(NOH) NH CO NHPh — 4 Chlorides of acid 
radicles, B' CO Cl, form alkoyl derivatives, 
B C(N 0 CO B') NEi,, which can spht off water 

forming az oxims B C<^^ ^^CB' These 

azoxims, although of high boiling point, are 
extremely volatile m the vapour of other 
liquids, even ether —5 Dibasic organic 
anhydrides give nse to carboxylic acids of 

BzoxunB, B'0(N0H)NH, + E''<§2>0- 

+ 6 ChJoroformui 

ether produces bodies of the composition 
B C(NH,) N 0 CO,Et —7 Carbonyl chlorvle 
gives carbonyl di-oxims, (B.O(NH,) N 0),CO 
8 ChlorcU forms crystalline addition products 
Beferences - Tiemann, B 16, 1060, 2450$ 
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19* 1475 The Amidoxims are described as 
Fobmaicidozim, Ethsnyl AMiiibxrM, Hexoamid- 
OXIM, BbBZAMIDOXIM, ClNNAMTUOXlM, ToLUABlID- 
OXIM, Benzamipoxim cabboxtuo acid, Nitbo-benz- 

AHIDOXIM, &0 

AMIDO XYLENE v Xtlidinb 
Exo Amido xylene CHj CH^ NH, [1 3?] 
(196°) From CH, CH 2 CI and alcoholic 
NH, (Pieper, A 161, 120) Oil Salts — 
B'HCl [186°] — B'^KjPtCl, 

Exo Amido p xylene CH, CHj NH, 
[1 4] From CH, CS NH,, tin, and HCl 
(Paterno a Spica, B 8, 441) 

di Amido xylene v Xylylbnb diamine 
tn- Amido xylene CgHuNg i e CaHMe 2 (NHJ, 

T I 3 4 6 2] Formed by reducing tn mtro m-xylene 
177°] (Grevmg, B 17, 2427) White needles 
\i{hich may be sublimed 

AMIDO-XYLENE-SULFHONIC ACID 
CeH„NSOs 

Amido xylene salphonio acid 

OeH 2 (NH }Me 2 & 0 *H [4 13 6 ] S 276 at 0° , 
735 at 100° From (1,3,4) xylidme and H 2 SO 4 
or from nitro m xylene sulphonic acid (Jacob- 
sen a Ledderboge, B 16,193) Salts — NaA'aq 
and KA aq form large trimetric tables — BaA'^aq 
minute needles, v sol water — BaA'jSaq (Sartig, 
A 230, 334, Nolting a Kohn, B 19, 137) 
Diazo compound CgHjMeaNjSOa plates 
Amido p xylene salphonio acid 
C^H 2 Me 2 (NH 2 )(SOsH) [1 4 6 2 ] From p xylene 
sulphonic acid by nitration and reduction (Nol 
ting a Kohn, B 19, 143) Needles (^with aq) 
si sol cold water Its salts are easily soluble 
Does not give xyloqumone on oxidation 
Amido p xylene salphonio acid 
C„H 2 ^ 6 i(^H 2 )S 08 H [1 4 2 5] From amido p 
xylene and fuming H 2 SO 4 or by heating its acid 
sulphate at 230° Readily oxidised by CrO, to 
xyloqumone Salts — NaA' plates, v sol 

water — BaA '2 7aq (Nolting, B 18, 2664 , 19, 141) 
Di-amido-xylene salphonio acid 
C^HMeaiNHJaSOaH [13 6?4] From mtro 
xylidine sulphonic acid and ammonium sulphide 
(Limpricht, B 18, 2190 , Saitig, A 230, 343) 
Fawn coloured prisms, si sol water, msol alco 
hoi Fe^Clg colours the solution wine red Salts 
BaA' Slaq — KA'aq — PbA'j — HA'HClaq 
AMIDO m XYLENOL C,H„NO i e 
G,H 2 Me 2 (NH 2 )(OH) [l^xy] [161°] Got by 
reducing mtro xylenol (Pfaff, J5 16,1137) White 
glistening crystals Salt B'HCl plates 
Amido-i)-xylenol CaH 2 (CH 3 ) 2 (NH 2 )(OH) 

[1 4 3 6] [242°] White scales Formed by 

reduction of mtroso p xylenol (phlorone oxim) 
with tin and HCl (Goldschmidt a Schmid, B 
18, 570 , Sutkowski, B 20, 979) CrO, oxidises 
It nearly quantitatively to phlorone 
Salt B'HCl white crystals 
AMINES An amine is a body obtained by 
displacing hydrogen in ammonia by one or more 
alcohol radicles They may be divided mto 
mono , di , tn , and tetra amines according as 
it 18 considered that their molecule is derived 
from one, two, three, or four molecules of 
ammonia Monammes are spoken of as primary, ' 
secondary, or tertiary, according as one, two, or 
three of the atoms of hydrogen m the molecule 
of ammonia is held to have been displaced by 
one or more alkylB If part of the hydrogen 
Las been displaced by an acid radicle (alkoyl) 


and part by an alcohoho radicle (alkyl) the 
product may be viewed either as an ami^ w as 
an amine, thus NMeAcH may be called methyl 
acetamide or acetyl methylamine In this 
dictionary the latter name will be used, such 
denvatives being described nnder the amines 
from which they may be held to be derived. 
Fatty ammes are amines m which the nitro- 
gen is attached to carbon that does not form 
part of a nng, aromatic amines are bases in 
which the mtrogen is attached to carbon in a 
benzene nucleus In addition to these there are 
ammes, such as pyridine and quinoline, m which 
the mtrogen itself forms part of a ring, and also 
others in which the nitiogen is united to carbon 
m rings other than that peculiar to benzene 
Formation — 1 By the action of ammonia 
on the ethers of inorganic acids The iodides, 
bromides, and chlorides of fatty, but not of 
aromatic, alkyls, combine with ammonia and 
with the ammes (Hofmann, T 1850, 1 93 * 
1861, 11 857) 

NH, + EtI = NEtH,I 
NEtH2 + EtI = NEt2H2l 
NEt2H + EtI-NEt,HI 
NEta + Etl-NEtJ 

The fatty alkyl iodides also act upon the 
hydriodides of the amines, in presence of 
ammonia 

NH, + NEtHgl + EtI =. NEtjHJ + NH^I 
NH. + NEt2H2l + EtI = NEtjHI + NHJ 
NH, + NEt,HI + EtI = NEtJ + NH^I 
It 18 therefore impossible to prepare a pure 
base by this method , methyl iodide gives 
chiefly NMeJ, while ethyl iodide gives chiefly 
NEtH,!, but m the case of primary iodides, 
whatever proportions are taken, the entire series 
of salts 18 formed Isobutyl iodide does not 
form the quaternary iodide, secondary but} I 
iodide forms hardly any tn butylamme,but only 
mono and di but}lamme, while tertiary butyl 
iodide 18 split up by NH, into isobutylene and 
HI NEt, at 100° splits up isopropyl iodide and 
tertiary butyl iodide forming NEt,HI and olefine 
(Hofmann, B 7, 513. Reboul, G B 93, 69) 
Secondary propyl, hexyl, and octyl iodides form 
only mono ammes when heated with ammonia 
(Jahn, M 3, 165) In the action of alkyl chlo 
rides upon aqueous NH,, the higher the molecular 
weight, the less primary amme is formed (Mai 
hot, C B 104, 998) 

Ammonium iodide can be separated by its 
insolubility in alcohol The compounds NR,HI, 
NR^H^I, and NRH,I are decomposed by KOHAq 
with formation of KI and NR„ NRjH, or NRH, 
respectively, while totra alkylated ammonium 
iodides are not affected The following method 
may be employed m the preparation of fatty 
ammes (Hofmann, B 3, 776) The alkyl iodide, 
RI, 18 heated with alcoholic NH, at 100°, the 
product 18 filtered from NHX evaporated, and 
distilled with potash NRJ remains behind 
The distillate, dned by means of solid KOH, is 
cooled and treated with oxalic ether which is 
slowly added The following reactions then 
occur . 

EtO CO CO OEt + 2NRH, - 
HRN CO CO NRH 2HOEI 
EtO CO 00 OEt + NR^H- 
EtOCOCONR, + HOEt. 

The reaction is completed by heat, and t|p 
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lertiary base, NK„ which does not react with 
oxalic ether, is distilled off The residue is well 
cooled and ^e solid di alkyl oxamide separated 
fiom the liquid di alkyl oxamic ether by pressure 
The latter is purified by washing with water 
Boihng potash liberates the alkylamine from 
the di alkyl oxamide and the di alkyl amine 
from the di alkyl oxamic ether 

When the halogen is situated in a benzene 
nucleus ammoma cannot effect its displacement 
by amidogen unless other chlorous groups are 
also present m the nucleus Thus o and 
ohloro mtro benzene (but not m chloro nitro 
benzene) are converted into mtro amhnes by 
alcoholic NH, at 100° 

Primary monamines may be prepared by 
acting with KOH on the alkyl ammonium sul 
phates (Morrison, Pr E 28, bdd) 

MeNH^SO, + 2KOH » K,SO, + MeNH^ + 2H,0 

2 By boiling alkyl cyanates with potash 
(Wurtz, C B 28, 223), thus EtNC0 + H,0 = 
EtNHj + COj. The primary bases prepared by 
this reaction may be contaminated with secondary 
and tertiary bases This occurs when the potas 
SIC cyanate used to prepare the alkyl cyanates 
contains cyanide (Silva, C B 64, 209) 

3 Similarly, from thiocarbimides and H^SO^ 
EtNCS + H,0 = EtNHj + COS 

4 By the i eduction of mtro compounds 

BN02 + 8H2 = BNH2 + 2Hp This reaction is 

chiefiy used in the aromatic series, inasmuch as 
it IS easy to prepare mtro derivatives of com 
pounds containing a benzene nucleus 

The following reducing agents may be used 
{a ) Alcoholic ammonium sulphide The 
compound is dissolved in alcohol, saturated with 
NHj and H^S is then passed in The solution 
IS boiled, filtered from S, acidified, and evaporated , 
a salt of the base is then left CaH^NOj + 3H^S 
C^HjNH^ + 2H2O + S, (Zinin, A 44,283) This 
method is especially useful in reducing mtro 
azo compounds which would give hydrazo com 
pounds if reduced in acid solution 

Substances containing several mtroxyls 
usually have only one of them reduced when 
treated in this way 

(6 ) Zinc dust may be used either alone, by 
mixing the substance with it and distilling, or 
it may be used in conjunction with water or 
aqueous potash Zn + 2KOH = K^ZnO^ + H, 

(c ) Ferrous sulphate and aqueous ammonia 
are used in reducing unsaturated and unstable 
compounds 

d ) Arsentous acid and NaOHAq 

e) An acid and a metal For the acid, 
HClAq or HOAo is used, for the metal, zinc, 
tin, or iron, is taken Tm and HGlAq give, as 
a nile, the best results A mixture of zinc and 
t n 18 as effective as pure tin, for the zinc ppa 
the tm as fast as it dissolves The amount of 
acid used may sometimes be very small , thus, 
in the preparation of aniline, the action seems 
to be 

4C«H4N0, + 4H2O ^ 9Fe - 4C,H,N^ + 8Fe,0, 
(?) Stannous Chloride In reducing with 
8nCl, and HCl the resulting SnCl^ sometimes 
ohlonnates the product , thus o<nitro toluene 
gives chloro-o toluidme The mtroxyls of poly 
mtro derivatives may be reduced one by one by 
addmg to their cold alcoholic solution the cal 
culatira quantity of SnCH, dissolved in alcohol 


saturated with HCl In the caee of dmitro toluene 
C,,H,Me(N02)2 [1 2 4] the nitioxyl m the 0 posi- 
tion 18 first r^uoed, forming OJH8Me(NHj)(NO,) 
[1 2 4] , whilst alcoholic ammonium sulphide 
reduces the nitroxyl m the p position, forming 
C H,Me(NO,)(NH2) [1 2 4] (Anschutz a Heusler, 
B 19, 2161) 

{g) Hydnc iodide solution^ alone, or with 
addition of phosphorus 

5 By the reduction of nitnles (Mendius, 
A 121,229) CH,CN + 2H2»CH,CH,to2. 

The reduction is effected by Zn and dilute 
H SO^ but it IS slow, and a great deal of nitrile 
is saponified CH, ON + 2H,0 » CH, CO^NH, 

6 Primary bases are instantly formed wh^ 
carbamines are treated with acids 

CH3NC + 2H2O = CH^NH, + HCO.IL 

7 By boiling bromo amides with aqueciS* 
NaOH If bromine and potash be simultaneously 
supplied to an amide, a potas'^ium bromo amide, 

I X CO NKBr, is formed If this compound be 
I treated with silver carbonate, an alkyl cyanate la 
, produced X CO NKBr - KBr + X N CO 
I When this cyanate is boiled with potash an 
alkylamine is foimed (by Formation 2) The 
I two last stages may be performed simultaneously 
by boiling the potassium bromo amide with 
I aqueous NaOH 

The operation 13 conducted as follows 
I Bromine is mixed with its equivalent of 
amide, and a 10 p c solution of potash is added 
till the colour of the bromine has neaily 
disappeaied 

XCO NH2 + Br2 + 2KHO* 
XC0NKBr + KBr+2H,0 

Three equivalents of potash dissolved so as 
to form a 30 p c solution are now heated to 70° 
in a retort, and the first solution is added 
I gradually through the tubulus Finally the 
whole 18 distilled, and the base collected m a 
receiver containing hydnc chlonde A mixture 
, of ammonium chloride and the hydro-chloride 
I of the base is thus got , they may be separated 
by alcohol, which does not dissolve the former 
i (Hofmann, B 15, 705) 

j 8 Amides can be converted into amines 
by heating with alcohols thus acetamide 
and ethyl alcohol give ethylamine acetatO 
CH, CO NH2 + HOEt - CH, CO ONEtH,, while 
ethyl acetamide and ethyl alcohol give diethyl 
amine acetate (Baubigny, C B 95, 646) 

CH3 CO NEtH + HOEt = CH3CO ONEt^H^. 

Sodium alcoholates act similarly (Seifert, B. 
18, 1355) 

X NH CO Y + NaOR - X NH R NaO CO Y 

9 From amido acids by heating alone or with 
baryta C.H,(NH2)CO,H - C^H^NH^ + CO*. 

10 From alcohols or phenols by displacing 
hydroxyl by amidogen Ethyl and methyl 
alcohols give a little ethyl and methyl amine 
when heated with NH^Cl at 300° (Weith, B 8, 
459) Similarly, phenols produce small quanti- 
ties of ammes when heated with NH, , this re- 
action takes place very readily in the naphtha- 
lene and anthracene senes Ortho and pat a , 
but not meta , mtro phenols are converted by 
aqueous ammonia mto nitramlines (Merz a Kiz, 
B 19, 1749) The reaction takes place more 
readily when the alcohols are heated at 260° 
with the compound ZnCL*NH, or OaCl,NH 
(Mciz a Weith, B 13, 1300, 1^ 2343, Merz a 
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Oftsiorowski B 17, 623 , Mens a Bach, B 17, | 
2t)34) Ammonia zmo ohlond^ converts phenol 
into aniline , anilme zmo chloride acting upon 
phenol gives di phenylamino 3 naphthol is 
converted by heating with NH, into naphthyl- 
amine, bat by ammonia zinc chloride into di 3 
naphthyl amine Fatty alcohols act differently 
upon aromatic bases in presence of ZnCla, the 
alkyl entering the nucleus, thus aniline zinc 
chloride and alcohol produce amido phenyl 
ethane 

C„H,NH2 + HOEt » CeH.EtNH, + H 0 
11 By reduction of the phenyl hydrazides 
of the aldehydes and ketones in alcoholic solu 
tion by sodium amalgam and acetic acid (Tafel, 
19, 1924) 

BIVC N^HPh + 2H, = ER'CH NH, + PhNH, 

, 12 By reduction of aldoxims and ketoxims 
in alcoholic solution by sodium amalgam and 
acetic acia (Goldschmidt, B 19, S242) 
RR'CN0H + 2H2 = 11R'CHNH +H,0 
13 From sulphonates by heating with sod 
amide (Jackson a Wing, B 19,902) 

RSO^K-f NaNH, = RNH + NaKSOs 
Properties — Most amines are volatile or can be 
distilled alone or witli the aid of steam Primary 
bases in which amidogen is not uiiiUd to carbon 
111 a benzene nucleus turn red litmus paper blue 
and combine with carbonic acid , aniline and its 
homologues are neutral to litmus, and do not 
combine with carbonic acid Ammonia pps the 
amines from cold aqueous solutions of their 
s ilts , but at high temperatures the amines expel 
IsHj from its salts The rtlatl^e saponifying 
power of amines has been studied by Ostwald 
{J pr [2] 35, 112) If a mixture of aromatic 
bases is dissolved in an excess of glacial acetic 
acid, and the solution is diluted with three times 
Its volume of water and then boiled the primary 
amines remain in solution while the acetates of 
secondary and tcrtiaiy amines aie decomposed 
and the bases are found on the filter (Michael, 
B 19, 1491) To determine whether a given base 
18 primary, secondary, or tertiary, it is heated ' 
w ith methyl iodide until a quaternary iodide is ! 
formed , this iodide is known by its stability ] 
towards potash The original base and the am 
monium iodide are both analysed If the am 
monium iodide differs in composition by con 
taming CH^I more than the base, then the base 
was tertiary If it differ by C H^I, this shows 
that the original base was secondary, and had to 
exchange hydrogen for methyl before it could 
become tertiary If the iodide contains C^H,! 
more than the base, then the latter was primary 
Reactions 1, 2, 3, 4, 5, 6, 11, 12, 16, 20, 27, 28, 
may also be used to distinguish between primary, 
secondary, and tertiary bases 

When a quaternary ammonium base iB 
distilled, if it contams ethyl it splits up thus 
NRR'R"C2H,(0H) - NRR'R" + H,0 , 
(Hofmann, B 14, 494) 

Quaternary ammonium chlondes contammg 
methyl split off MeCl on distillation 

NRR'R"MeCl - NRR'R" + MeCl , 

(Lossen, A 181, 377) 

Reactions 3, 6, 6, 12, 13, 26, and 28, serve to 
distinguish 0 diamines from m and p diamines 
Reactions — 1 If a primary base be boiled 
with alcoMic potash and chloroform tho dis 
Voi. L 


gusting odour of the corresponding earbatmne 
will be noticed (Hofmann, B 8, 767) 

EtNHa + CHCl, + 3KHO - EtNC + 8KC1 + 8H,0 
2 If a primary fatty base be dissolved ip 
alcohol mixed with an equal volume of C8^, and, 
the liquid be boiled down to half its volume, a 
thiocarbamate will be formed ‘ 

2RNH2 + CS, = RNH CS S NRH, 

If the liquid be now boiled with a little aqueous 
mercuric or ferric chloride a pungent odour of 
an alkyl mustard oil (or thiocarbimide) will 
be perceived, thus RNH CS SNRH, + HgCl^ = 
HgS + RNCS NRHsCl + HCl In the aromatic 
series the product of the action of alcohohc CS, 
18 usually a thio urea which requires to be treated 
with PjOj, m order to get the thiocarbimide (Hof- 
mann, B 3, 768 , 8, 107 , Weith, B 8, 461) 
Mesidine and amido penta methyl benzene give 
thio carbimides in addition to smaller quantities 
of the thio ureas (Hofmann, B 18, 1827) —3 
Nitrous acid converts primary fatty amines into 
alcohols RNF[2.HN0, = R0H + N, + H,0 It 
converts primary aromatic amines into diazc 
compounds RNH + HNO, = RN,OH + H,0 II 
converts all secondary bases into mtrosamines 
which are neutral substances, volatile with 
steam RR NH + HNO, = RR'N NO + H^O It 
cannot act upon tertiary fatty bases, except 
with elimination of an alkyl It converts most 
tertiary aromatic bases into nitroso derivatives, 
which still possess basic properties 

C„H,NMe, + HNO = C«H,(NO)NMe2 + H,0 

Aiomatic mtrosamines are converted into 
p nitioso derivatives under the influence of 
acids C«H4NMe(NO) = C«H,(NO) NMeH By 
means of the preceding reactions, nitrous acid 
may be used to separate secondary from primal y 
and tertiary bases, for the mtrosamines do not 
combine with acids, and may therefore be ex 
traded from the acid solution by ether, or by 
distilling with steam and on reduction they 
give the secondary base If the diazo com 
pounds are boiled with water phenols are formed 
RN,C1 + H,0 = R0H + N2 + HC1, while if they 
aie boiled with alcohol, the amidogen is usually 
displaced by hydrogen RN^Cl + C^<,0 « 
RH + HCl + C H4O Frequently, however, boil 
ing with alcohol displaces amidogen by ethoxyl 
C^Me^H N,C1 + HOEt * C^Me^H OEt -1 HCl *- N, 
(Hofmann, B 17, 1917) Amidogen may also 
[ be displaced by hydrogen by reducing the diazo 
compound to a hydrazine and boiling the latter 
with aqueous CuSO^ (Haller, B 18, 90) In 
order to displace amidogen by chlorine we may 
distil the platinochloride of the diazo derivative , 
to displace amidogen by bromme we may boil 
the perbromide of the diazo derivative with 
alcohol , to displace it by iodine we may boil 
the diazo salt with aqueous HI or El These 
operations may be more conveniently performed 
by the method of Sandmeyer (B 17, 1683, 
2650) This method consists in boihng the 
diazo compounds with cuprous chlonde, bromide, 
iodide, or cyanide 

Examples — (a) 4 g m nitro anihne, 7 g HCl 
(SGI 17), 100 g water, and 20 g of a 10 pc 
solution of cuprous chloride m HClAq are heated 
to near boiling and 2 5 g sodic nitrite dissolved 
in 20 g water are slowly added, the mixture^ 
being well shaken 4 g. pure m-ohloro-i>Uro- 
benzene it obtamed. 
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(b) 12 5 g cryetallised cupric gulphate 86 g 
KBr, 80 g water, 11 g H^S04 (SGI 8), and 20 g 
copper turnings are boiled until the dark colour 
has nearly disappeared Aniline (9 8 g ) is now 
added, and the filing liquid treated as before 
with NaNOj (7 g ) dissolved m water (40 g ) 
Bromo benzene passes over on subsequent dis- 
tillation 

(c ) 25 g crystallised CuSO,, 150 g water 
and 28 g KCN (96 p c ) are dissolved in hot 
water A solution of diazobenzene chloride is 
run in, this is prepared from 7 g NaNOj dissolved 
in 20 g water added to a solution of 9 3 g 
aniline in 20 6 g HCl (S G 1 17) and 80 g 
water The yield of benzonitrile is 63 p c of 
the theoretical 

In these reactions a double compound be 
tween the cuprous salt and the diazo salt is 
perhaps an intermediate body Such a double 
compound has been isolated in the case of 
6 naphthylamine, C^H^N^rCu^rj (Lellmann 
a Kemy, B 19, 810) Substitution of amidogen 
by halogens may also be effected by gradually 
adding HNO3 to a hot solution of the amine in 
HCl.HBr, or HI (Losanitsch, B 18, 39) 

Amidogen may be changed into SH by heat 
ing the diazotised base with warm alcoholic 
potassium sulphide By oxidising the resulting 
mercaptan with KMnO^ a sulphonio acid is got 
(Klason, B 20, 349) 

Nitrous acid serves to distinguish 0 , m , and 
p diamines (v di Azo compounds) 

4 Benzoyl chloride acts on primary and 
secondary amines 

RNHj + BzCl « RNBzH + HCl, 

RR'NH -f BzCl = RR'NBz + HCl 


(Hofmann, B 6, 716, Hallmann, B 9, 846) 
Tertiary aromatic amines heated with it at 200® 
may exchange alkyl for benzoyl 

NPhEt^ + BzCl - NPhEtBz + Eta 
(Hess, B 18,685) 

6 Acetyl chloride converts pnmary and 
secondary amines into acetyl derivatives 

The di alkylated tertiary aromatic amines 
readily allow one of the alkyl groups to be le- 
placed by acetyl when treated with acetyl bro- 
midey the alkyl bromide formed converting 
another portion into quaternary ammonium 
bromide 2XNR, + AcBr = XNRAo + XNR,Br 

The reaction sets in spontaneously, and is 
completed on gentle wannmg (Staedel, B 19, 
1947) 

Pnmary aromatic amines may be converted 
into acetyl derivatives by boiling not only with 
AoCl or AcjO but even with glacial HOAc 

The alkoyl denvatives of 0 but not of m and 
p aromatic diammes give nse to anhydro com- 
pounds 

0A<”^>0 CH, 

(Hubner, A 208, 278) 

6 Aldehydes form products of condensation 
with amines <£|iaiiihol is recommended by 
Bchiff {A 159, 158) 4(8 a means of distinguishing 
between the different classes of ammes Primary 
ammes require one equivalent of cenanthol 
C^hO + PhNH,« PhN(C,H,4) + H,0, 
while secondary ammes require only hiJi m 
much aldehyde 

C.H,40 ^ 2Me^ - (Me^),(0,H,4) + H,0 

The base is dissolved m bensene mid a standard 


solution of csnanthol in bensene is nm in as 
long as it produce further separation of drops 
of water 

Tertiary aromatio amines can also condense 
with aldehydes 2PhNEt,+ [1 2] CEO 

- NO, CJi, CH(C,H4NEg, + H,0 Aromatio 
amines heated with aldenydes and ZnClj give 
tri substituted methanes (Fischer, B 16, 676) 

In order to distinguish whether an aromatic 
diamme is an ortho compound, Ladenburg {B 
11, 600) heats its hydrochlonde with benzoic 
aldehyde , if the compound is ortho analdehydine 
(q v) IB formed and HCl is evolved, while no 
HCl IS evolved m the case of m or p compounds 
B"(NH,HC1)3 + 2PhCHO = 

+ 2H2O + HCl f 

7 Bromine and aqueous potash convert 
primary amines into di bromamines 

MeNH + 2Br2 + 2KOH = MeNBr, + 2KBr + 2H2O 
Secondary amines, contaming one divalent alkyl, 
behave similarly 

CgH.^NH + Brg + KOH - C^H.^NBr + KBr + H^O 
but secondary amines containing two monovalent 
alkyls are split up into an alkylene bromide and 
a primary alkylamine (Hofmann, B 16, 669) 

The di bromo amines containing hexyl and 
its higher homologues are split up by aqueous 
NaOH into HBr and nitriles 

C^H.jCHjNBr, + 2NaOH = 
C,H,.CNi-2NaBr + 2H20 
Hence amides may be converted first into amines 
and then into nitriles by treatment with bromine 
and NaOHAq, the first reaction being 

C,H, CH, CO NH, + Br, + 4NaOH - 
C^H.^CH, NH, + 2NaBr + Na,CO, + 2H,0 
(Hofmann, B 17, 1920) 

8 Sulphuric oxide combines with primary 
and secondary fatty amines, forming small 
quantities of sulphamio acids 

NEt2H + BO, = NEt, SO,H 
It also combines with tertiary fatty ammes • 

NEt, + SO,=Et,N<;®Q'‘> (Beilstema Wiegond, 
B 16, 1264) 

It combmes with aromatio amines forming 
sulphonic acids 

C„H,NH,4 S0,-C«H4(S0,H)NH, 
Aromatic amines may also be sulphonated by 
H,S0, and by ClSO,H 

9 Sulphuryl chloride acts upon secondary 
fatty amines thus, forming tetra alkyl sulph 
amides SO Cl, + 2HNEt2 » S02(NEt,), 4 2HC1 
With the hydrochlorides of these bases the re 
action stops half way SO, CL + HCl NHEt, - 
ClSO,NEt, + 2HCl (R Behrencf. A 222,116) 

10 Zinc ethide does not attack tertiary 
amines, but acts upon primary and secondary 
ammes in the followmg ways 

2RNH, 4- ZnEt, R,N,H,Zn + 2ErEt, 
2RR'NH + ZnEt, = R,R',N,Zn + 2HEt 
(Frankland, Pr 8, 604 , Gal, 0 R 96, 678) 

11 Cyanic ethers unite with pnmary and 
secondary bases forming alkyl ureas 

RNH, + B'NCO » RNH CO NRH, 

RR"NH 4- R NCO « RR"N CO NRH. 
Cyanic acid acts similarly 

RNH,HC1 4- KNCO = RHN CO NH, + KCl 

12 Thw-carbimides unite with primary and 
secondary ammes formmg thio ureas 

RNH, + R NCS « RNH CS NRH 

When the solid product obtained by boilmg an 
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iromatie di amine with alcohol and oil of 
uustard (O^H^NOS) is giaduallV heated» then if 
the diamine were o it would solidify above its 
[nelting point , if it were m it would melt with- 
out further change and would therefore solidify on 
oooling , if it were p it would melt and undergo 
ieoomposition and on cooling would remain 
liquid (Lellmann,^ 221, 1 , 228, 248, B 19,808) 
in all cases di thio ureas, R"(NH CS NHCjH,),, 
are first formed , those fiom m diamines aie not 
affected by heat, while the o and p derivatives 
split up on melting thus 

B"(NH CS NHCjHJ,- 

B"<^H>CS + CS(NHC,HJr 

''is The dt sulphocyanides of the o diamines 
are changed at 120°-130° into thio ureas, 

CxHy<[^j^jj^CS, which are not desulphurised 

by hot solution of PbO in NaOH \q The m and 
p diamines give compounds of the form 
0xHy(NH CS NH which aie desulphuiised by 
this reagent (Lelimann, A 228, 8, 248) 

14 Small quantities of oithodiainmes are 
readily detected by adding a few drops of a hot 
acetic acid solution of phenantfira jninone to an 
alcoholic solution of the substance , if an ortho 
diamine is piesent a yellow crystalline pp of 
the ooiiesponding qumoxaline is foimed on boil 
mg the solution , this pp m the case of pheny- 
lene and tolylene o diamines is coloured deep 
red by HCl (Hinsberg, B 18, 1228) 

15 If a mixture of bases is treated with 
sufficient citraconic acid to form the acid salts 
and the aqueous solution is boiled the piimary 
amines will be ppd inthefoim of alkyl citiaco 
namio acids, while the secondaiy and teitiary 
amines can be obtained by distilling the filtrate 
with steam (Michael U 19 H90) 

16 OxidiiitiQ agents con'fQxi aiomatic amines 
into azo or azoxy compounds Hence the nitra 
tion of such amines by the usual methods re 
quires previous intioduction of acetyl into the 
amidogen But by ti eating the nitiates with 
cold cone H SO^ nitio amines may be piepaied, 
the nitroxyl taking a m position with icgard to 
amidogen (Levinstein, D P J 256, 471) 

17 Amines form condensation products with 
quinoncs^ e g 

C„H,0,(NHPh)2 , C,H20(NPh)(NHPh)r 

18 Aiomatic amines when boiled with fatty 
amides pioduce ammonia and alkyl amides, eg 

CH, CO NH, -i- NPhHj - CH, CO NPliH + NH, 

19 Silver salts form additive compounds 
with amines (Mixter, A C J I, 239) 

20 The fenocyanides are obtained by adding 
the amines to a mixture of aqueous K^FeCy^ and 
hydioohloric acid , a crystalline pp of the acid 
feirocyanide B' H^FeCv^ a;aq, is usually formed 
(Fischer, A 190, 184 , Eisenberg, A 205, 2C5) 
The ferrocyanides of tertiary amines are par 
ticularly insoluble m water and may be used 
as a means of isolating those amines To re 
cover the amine, the pp is suspended m water 
and decomposed by CuSO^, and the excess of 
CuSO^ removed from the filtrate by baryta 

21 Chloral hydrate heated with tertiary 
aromatic amines and ZnCl^ forms a condensation 
product which, when decomposed by aqueous 
kOH gives an aldehyde derivative, 


OCl,CH( OH), + C.H,NMe, - 

CCl,CH(OH) 0,H,NMe, + H,0 
OOl30H(OH) O.H,NMe,» 

CClaH + HCOOJH^NMe, 
(Boessneck, B 18, 1516 , 19, 365) 

22 Primarv aromatic amines in alcoholic 
solution absorb cyanogen , and the product when 
boiled with glacial HOAo becomes a di alkyl- 
oxamide 


2PhNH2 + C,N2=.PhNH C(NH) C(NH) NPhH 
PhNH C(NH) C(NH) NPhH + 2H O - 

PhNH CO CO NPhH + 2NH, 

Aromatic o diamines act similarly, the result- 
ing oxalyl o diamine may be viewed as a di oxy 
qumoxaline (Bladin, Bl [2] 42, 104) 

23 Primal y aromatic amines heated with 
glycerin (or acrolein), H^SO^, and nitrobenzene 
(as oxidising agent) produce bases of the quino 
line series A similar reaction occurs when 
glycol (or paraldehyde) is substituted for 
glycerin 

24 Nitric oxide passed into an alcoholic 
solution of tertiary aromatic bases produces azo 
compounds of the form RR'N C^H^ N C^H^ NBR' 

25 For the action of aceto acetic ether ^ 
v p 19 

26 Orthodiamines form crystalline com 
pounds with glucose (Gness a Harrow, B 20, 
281) 

27 Dmzohenzene chloride reacts with primary 
and with secondaiy amines, forming diazo amides 
(v di AZO compounds) In the case of the 
secondary amines the compounds C^Hj N^ NRR', 
being easily crystallised and si sol water, may 
be conveniently used in separation of these bases 
fiom teitiary and m some cases from piimaiy 
bases (Wallach, A 235, 235) 

28 A solution of potassium croconate gives 
with salts of 0 diamines dark coloured pps con 
sisting of the corresponding azines (Nietzki, B 
19, 2727) 

29 Tertiary aromatic amines form condensa 
tion products when heated with ai omatic aculs 
or alcohols in presence of ZnCl, or P^Oj , water 
being eliminated at expense of H para to N 
(Fischer,^ 206,85) 

OTHER REACTIONS of the amines are 
descubed m articles on the several bases, eg 

MeTHYLAMINE, EtHYLAMINE, ANIIilXE, Plll-VY- 

LENF DivaiiNE See also Amides, Amido Acids, 
Amidives, and Amidoxims 

AMISATINi? IsATiN 

AMMELIDE C,H,N,0, or C«H,N,04 te 
0,N,(NH^)(0H)2 (?) Melanurenic acid * Amido 
cyanuric acid ’ Mono amide of cyanuric acid 
Liebig made a distinction between ammelido 
and melanurenic acid, but his ammelide was a 
mixture of ammeline and his melanurenic acid, 
hence it seems best to transfer the name ammehde 
to melanurenic acid (Klason, J pr [2] 33, 295) 

Formation — 1 From mefam and cone 
H2SO4 (Liebig, A 10, 30, Gabriel, B 8, 1106, 
Jagor, B 9, 1554) — 2 From melamand boiling 
oonc KOHAq or cone H2SO4 at 160® (K ) — 
8 From ammeline and cono H2SO4 at 160® or 
by heating ammeline nitrate (Knapp, A 21, 
244) , the change is incomplete — 4 A product 
of the dry distillation of urea (Liebig a* WOhler, 
A 54, 871 , Laurent a Gerhardt, A Ch, [2] 12, 
93 , Drechsel, J pr [2] 11, 289) —5 Among 
products got by boiling mellon potassium with 
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aqueous KOH (Hcunesberg, A 78, 246 , Liebig, 
A 1>5, 269) — b From its etliers or their thio 
derivatives by gentle heat (K ) — 7 From thio 
emmelide and KMnO^ (K ) —8 From cj anogen 
bromide and cyanamide at 100° (Cech a 
Dehmel, B 11, 25) —9 From urea and qyano 
gen iodide at 160° (Poensgen, A 128, 839 , 
Hallwachs, A 158, 294 , Schmidt, J pr [2] 5, 
80) — 10 In small quantity by action of COClj 
on NH, (Bouchardat, A 164, 365) —11 In 
small quantity from di cyan di amide by heat- 
ing with water at 160° or with aqueous ammonic 
carbonate at 120° (Bamberger, B 1C, 1078, 
1703) 

Preparation —Cone H SO^ (300 g ) is slowly 
poured upon melam (100 g ) and the solution 
heated for a few minutes to 190° \\ hen cold 

it 18 poured into a litie of water, when ammelide 
sulphate slowly crystallises (Striegler, J pr [2J 
88, 108) 

Properties — White crystalline powder , v si 
sol water, insol usual menstiua, sol mineral 
acids, insol acetic acid, v sol ammonia It 
does not separate when its solution in warm 
aqueous NaOH is cooled (difference from amme 
line) May be crystallised from boihng water 
I^ot attacked by Cl, Br, HI, or AcCl 

Reactions — 1 Boiling dilute acids or alkalis 
form NHg and cyanunc acid Baryta water 
does not effect this change — 2 Phosphorns 
pentachloiide forms Cy^Cl, — 3 KMnO^ m acid 
solution foims cyanunc acid — 4 Vyatcr&X 170° 
foims CO^ and NHj — 6 Heated in a current of 
moist COg it forms cyanamide 

Salts— (HjA'^ - C^H^NgO,) — 
H2A"H,SO,3aq -H^" 2B.m, —HA" 2HC1 — 
Na A"6aq — NaHA"5aq — KA" — KHA" — 
(NH,)A"Saq — (NH,)HA"liaq — CaA"j:aq — 
BaA"2jaq — CuA" — NiA"'2aq — AgA" — 
AgHA"lAq (Striegler, Volhard, B 7, 92) 

Di methyl ether C3HyN40^ le 
C,N,(NH,)(OMe), [212°] Formed by action 

©f ammonia on trimethyl ejanurate, and occurs 
as a by product in the preparation of that body 
(Hofmann a Olshausen, B 3, 278) Plates, si 
sol cold alcohol, v si sol ether, si sol cold 
water — CflHgN^O AgNOg needles 

Di ethyl ether C7H,A402 
CjNi(NHJ(OEt)2 [97°] By product in the 

action of CjCi on NaOEt, and formed by 
heating cyanetholin with aqueous NH, at 100° 
(H a O ) Prisms — CjHjjN^OAgNO* needles 
— (C H, N.OJAgNOj needles 

AMMELINE CgH.N.O le C3N,(NH2)2(OH) 

* Di-amido-cyanunc acid ’ JChamide of cyanunc 
acid 

Formation — 1 By boiling melam for a long 
time with KOHAq or HClAq or by heating it 
with cone H2SO4 at 100° (Liebig, A 30, 24, 
Klason, J w [2] 33, 28b) — 2 From 

Cy8(NH2)iCl by alkalis (Lament a Gerhardt, 
A Ch [3] 19, 92) — 8 From thio ammeline and 
KMnO^ Fiom its ether or its thio derivative 
by HCl — 6 Formed by boilmg the hydro 
chloride of ‘ di amido tri chloro methyl cyani 
dme* (v Tn Chloro acetonitrile) withNHA<l 
Cy,(NH2)2(CCl,)HCl + NH, + H2O - 
Cly,(N^2(OH) + NH,C1 + HCCV Also by heat- 
ing tri chloro acetonitrile with NH^Aq at 120^« 
or with alcoholic at 170° (Weddige, /« pr 

W 86) : 


Piopcrties — Minute needles m dendntie 
groups (when ppu from a warm solution) Insol 
water, alcohol, ether, and benzene, sol mineial 
acids, insol acetic acid, sol NHjAq Sepa- 
ratis when its solution in warm NaOHAq is 
cooled 

Reactions — 1 Split up by heat into NH, 
and mellon —2 Warm HAO4 forma NH, and 
ammelide — 3 Boiling dilute mine acid forms 
first ammelide, then cyanunc acid (Knapp, A 
21, 255) 

Salts — Its compounds with acids are de 
composed by water — B'HCl prisms — B'HNO, 
— B AgNOg 

Ethyl ether Cy,(NH2),OEt [190°-200°] 
From cyanetholme and NH, (Hofmann 1* 

I Olshausen, B 8, 275) V si sol alcohol 
i Chloride Cy,(NH2)2Cl * Chloro cyanamide ’ 
From CygCl, and NHgAq (Liebig, A 10, 43, 
Laurent a Gerhardt, A Ch [2] 19, 90 , 20, 98 , 
Bmeau, A Ch [2] 70, 254) Powder, insol 
water Decomposed by heating with HCl into 
mellon and NH, Dilute KOHAq converts it 
into ammeline NH, at 100° forms melamine 
KHS forms thio ammeline 

AMMONIA NHg {Volatile Alkali Alkaline 
air) Mol w 17 01 [—75° Faraday, J S 
19, 16] ( — 88 5° , pressure less than 760 mm 

Regnault) SG 2° (liquid) 6284 (Jolly, A 117, 
181 compare also Andreef, ibid 110, 1) V D 8 6 
S 0°, 1050 , 10°, 813 , 15°, 727 , 20°, 654 , 

I (Bunsen, Oasometiy, Engl ed 169) 8 0^, 

1148 (Roscoe a Dittmar, A 110, 140) , S O’, 
1270 (Berthelot, C R 76,1041) CE (liquid-ll° 
to 0°) 00155 (Joll>, A 117, 181) Refractne 
power (gas) compared with air = l, 1 809^ 
[N Hs] = ll,890,[N,H%Aq] = 20,320,[NH\Aq]«. 
8,430 {Th 2 68) 

Occurrence — Ammonia salts occur in the 
atmosphere and in ram water , in many mineral 
waters, in seawater, near volcanoes, in many 
soils , in almost all plants , in the excrements 
of many animals , among the products of the 
decay of nitrogenous organic bodies Free 
ammonia is not known to occur in nature 
Ammonia was distinguished from ammonium 
carbonate by Black in 1756 , Priestley obtained 
it appioxirnately pure and named it alkahnc 
air , Scheele showed it to contain nitrogen , 
Berthollet demonstrated its composition m 
1785 The word ammonia comes from sal 
ammoniacuin^ the name given in the middle 
ages to ammonium chloride 

Formation — 1 By the action of the in- 
duction spark, or the silent discharge (Donkin, 
Pr 21, 281), on a mixture of N and H m the ratio 
N H, a small quantity of NH^ is produced 
(Morren, C R 48, 432 , Perrot, C R 49, 204 , 
Chabrier, C R 76,484) — 2 According to Ramsay 
a Young {C J 46, 93) a trace of NH, is formed 
when a mixture of moist N and H is passed 
through a red hot tube containing iron filings , 
3 Ammonium nitrite is formed, a when 
hydrogen is burnt in air (Zdller a Grete, B 
10,2145, but against this© Wright, C N 38,240), 
b by the action of a strong mduction spark on 
a mixture of N and HjO (Thenard, C R 76, 983 , 
Johnson, C N 48, 253 a 264) Ammonium 
ohlonde is produced when electric sparks are 
passed for 8 to 10 hours through a mixture of 
HCl gas, N, and H, the elements being m the 
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ratio N Hj (Deville, C B 60, 317) , or bv passing 
the same gases through a ltd hot porcelain 
tube containing a metal tube cooled by a 
stream of cold water (Deville, A 135, 104) — 
4 By the action of a porous body — e g spongy 
platinum, pumice, ferric oxide— aided by heat, 
on a mixture of H with an oxide of nitrogen or 
HNOg, NHg is produced —5 By decomposing a 
compound of H and one of N together, NH, is 
formed e y by the action of water on nitride 
of Si, B, Mg Ac , SiO , Bp„ or MgO is produced, 
and the N and H combine to form NH, again 
moist NO passed over hot non hlmgs yields NHj, 

B By strongly heating easily oxidised bodies— e g 
ks, Zn, K, Ac — with alkaline oxides, in presence 
ifcair —7 By strongly heating metallic nitrates 
or nitrites with hydroxides of the alkali or 
alkaline earth metals and iron hlmgs or zinc — 
8 By heating metallic cyanides with steam 
(v Marguerite and Sourdeval, D P J 157, 73 
and IIG) - 9 By heating solutions of nitiatcs or 
nitiites with KOHAq and Zn or he, or with a 
Cu Zn couple Ammonium sulphate is formed 
when nitric acid is dropped into a vessel con 
taming Zn and dilute H SO,Aq (Kuhlmann, A 
bl 2-13) — 10 By the action of waWon chloiidc, 
iodide, or phosphide, of nitrogen or on the 
amides, m the last cases it is often neces 
sary to use solutions of KOH or NaOH —11 
By the dry distillation of many nitiogenous 
oiganic bodies — e g horn, bones, blood, coal Ac 
Ammonia is produced, accoidmg to Johnson, 
when N and H aie passed over spongy Pt 
C J 89, 128), but this is denied by Wright 
C J 39, 359), whose expel iments seem to prove 
that the NHj obtained by Johnson was the pio 
duct of the mutual action of a trace of NO (in 
what was supposed to be pure N) and H, in 
picsenoe of the spongy Pt (but v also Johnson’s 
pamphlet Elemental y Nitrogen, and on the 
Synthesis of Ammonia [Chuichill, 1885]) 

Prepai ation ~1 By gently heating a mix 
ture of 1 part chloride or sulphate of ammonium 
with 2 paits finally powdered slaked lime, 
the mixture is covered with a layer of lime to 
absorb water, and the gas is dried by passage 
through a cylinder containing lime m small 
pieces —2 By gently heating a solution of 
CaCl^ m NHjAq previously saturated with NH, , 
this mixture may be kept unchanged for long — 

8 Pure ammonia is prepared by Stas {Fr 6 , 
423) by one of the following methods — (i ) 
From pure NH,C1 and KOHAq , 10 litres of a 
boiling cone solution of NH^Cl are mixed with 
1 litre HNOgAq, SG 14, the boiling is con 
tinued so long as Cl comes off, the NH,C1 which 
separates on cooling is dissolved in hot water, 
and again boiled with ^ volume of HNO, till 
Cl ceases to come off, water is then added, 
and NHj is obtained by decomposing by KOHAq 
(ii ) From pure (NHJjSO^ and KOHAq , 2 kilos 
of (NH 4 )^S 04 are heated with 1^ kilos cone 
H 2 SO 4 to the temperature whereat the sulphate 
begins to decompose with effervescence, small 
quantities of nitric acid are then added until the 
Lquid becomes quite colourless , the salt which 
crystallises on cooling is dissolved m warm 
water and decomposed by KOHAq [The 
object of these treatments is to remove the 
small quantities of substituted ammonias — 
NHatJEj, <fcc —which are present in ; 


ammonium chloride and sulphate ] (ui ) From 
pure KNO, by the action of Zn and Fe in 
presence of KOHAq the KNOj is prepared 
by heating Ikilo KNO, with metallic copper, and 
dissolving out the KNO^ in water, this solution 
IS digested with 15 litres KOHAq — S G 1 25 — 3^ 
kilos granulated zme free from carbon (Zn 
obtained by fusing commercial Zn with 6 p c 
PbO may be used), and ^ kilo iron wire pri 
viously strongly heated 111 air and then reduced 
by hydrogen , the liquid is pouied off and 
distilled with gentle ebullitiou 

Properties — A colourless, strongly smelling, 
gas, which turns red litmus paper blue, and 
turmeric paper brown Taste, hot and strongly 
alkaline , poisonous when breathed , it destroys 
the mucous membrane Easily liquefied to a lim 
pid, colourless, highly refractive, liquid , best by 
heating solid 2AgCl SNH, m one end of a strong 
glass tube, closed at both ends, and bent to an 
obtuse angle, the other end being surrounded 
by snow and salt (Faraday, Q J 5 19, 16) 
The silver compound begins to melt at 38°, it is 
quite liquid at 90°, begins to boil at 100°, and 
the change is complete at 112° Liquefied at 
— 40° to ~ 60° , this may be effected by passing 
the well dried gas through a U t^^be surrounded 
by a mixture of crystallised CaClj and snow, or 
by liquid bO^ which is rapidly evaporated by a 
current of air (Loir and Drion, J 18G0 41) 
If liquid ammonia is cooled by solid CO^ and 
ether in vaczio (Faradav), or by rapid evapora 
tion over H bO^ (Loir and Drion), white trans 
parent crystals of solid ammonia are obtained, 
winch melt at —75° (Faraday) Liquid 
ammonia vaporises m a closed vessel, the 
vapour pressuies according to Regnault (J 
1863 60) being as follows — 
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Ammonia gas is very soluble m water (u 
Combinations No 1), alcohol, and etlmr, it la 
largely absorbed by charcoal (v Hunter, 
G J [2] 9, 76 , 10, 649) and other porous sub 
stances , it is absorbed by many saline solutions, 
the quantity of NH^ absorbed being, as a rule, 
the less the more concentrated is the solution 
(u Raoult, G R 77, 1078) Ammonia solution 
is a strongly smelling, caustic, alkaline, liquid , 
at —40° It forms long needle shaped crystals, 
at - 49° it solidifies to an inodorous mass , the 
B P and S G increase the less is the quantity 
of NHg present Many metallic oxides insoluble 
m water are dissolved by NH,Aq, e g 
CuO, Ag 0, Ac , aqueous NHg also dissolves 
many fats and resins Ammonia resembles 
PHg in its properties and reactions , it is, how- 
ever, much more stable and less easily oxidised 
than that compound, an aqueous solution of 
NHg, which doubtless contains NH.OH, is 
characterised by the properties expressed by the 
word alkali {v Ammonium Compounds , 
comp also the arts Hydrides, Hydbox* 
IDES, and Nitrogen Group of Elements ) 

Reactions — I Liquid ammoni a does rot 
react with H^S 04 at - , dissolves alkali metals 
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fti first with red, then blue, colour , the metatg 
er^talhse out unchanged ((iore, Pr 21, 140) , 
alkaline earth metale and heavy metals do 
not dissolve (Seeley, C N 23, 169 , concern- 
ing solubilities of other elements and salts v Gore 
Ic ) — II Ammonia gas 1 jfiTcai decomposes 
NH, partially into N and H , when the gas is 
passed through an iron or porcelain tube, de- 
composition begins at about 500° , the nature of 
the hot surface exerts a most marked influence 
on the extent of decomposition , the decompo 
sition IS, however, never quite complete (Ramsay 
A Young, C J 46, 88) A spiral of Pt heated 
by an electriq current also decomposes NH, 
(Grove, A 63, 1) — 2 The electrzc discnarge 
Q ^composes NH, slowly , but I'lid nciton sparks fi om 
a large Ruhmkoiff’s coil more quickly , the de 
composition is not quite complete (Deville A 135, 
104, Buff a Hofmann, ibid 113, 132; —3 
NHj IS decomposed, into N and H, by passage 
over several metals at 700° or so eg Au, Pt, Ag, 
Fe, Cu, <feo , some metals, e g Ti, combine with 
the N , the alkali metals set free \ of the H pro 
ducing compounds of the form NH^M the com 
pound NH K is decomposed at a red heat giving 
NKj and NH, , water acts on it to produce KOH 
and NH, {v Potassium) — 4 Mixed with oxygen 
and submitted to the elccii ic discharge, NH^NO^ 
and NH^NOj are formed (Carius A 174,31) — 6 
Mixed with oxygen and heated, NHg bums to H O, 
H, and N, if the NH, is in excess, and to H^O, 
N, and NH^NOg, if the 0 is in excess (v Hofmann, 
A 115, 283 , Heintz, ibid 130, 102) The flame 
examined spectroscopically shows characteristic 
lines, especially one near D (Dibbits, P 122, 521) 
6 Ozone oxidises NH, chiefly to NH^NO, and 
NH^NOj (Carius, A 174, 31) —7 A platinum 
wire heated in NH, mixed with air produces 
NH^NOg, if oxygen is passed into the NHg red 
fumes of N oxides are also produced —8 Am 
monia reacts with NjO, and OlgOg to form HP, 
N, NH,NOg or NH,NO„ and Cl -9 Metallic 
oxides reducible by H are usually also reduced 
by NHj with formation of metal, N, and Hp, 
sometimes with formation of metalhc nitrides — 

10 NH, reacts with many metallic oxides and 
haloid salts to form compounds, either of NH, 
with the metallic salt — eg PtCl2 4NH„ 
CUGO42NH, — or compounds m which part of 
the H of NH, is replaced eg NH^HgCl {v 
Amuoniuu Compounds , also the several metals) 

11 Chlorine, bromine, and iodine react ener- 
getically with NH, to produce NH,X(X = Cl, Br, 
or I), and N NH, combines with cooled I to 
form a brown liquid which is decomposed 
by water with production of NH^lAq and explo- 
sive iodide of nitrogen [ ? NIJ (v Nitroosn) — 

12 Sulphusr absorbs NH, , on heating N is set 
free and ammonium sulphide formed (Brunner, 
D*P J 160, 871) — 18 Carbon heated in a stream 
of NH, forms NHpN and H, sometimes also 
CH 4 — 14 Boron heated in a stream of N]^ 
form BN (v Bobon), and H. — 16 NH, combines 
with acids (H,SO^ HCl, t&o <fto ) to form am- 
momum salts ( (NHJjSO^, NH 4 CI, <fto dto,qv , 
V also Combinations, No 4) — 16 With many 
orgamc anhydrides NH, oombines to form 
ammonium salts of amio acids, q v NEL, also 
acts on several inorganic anhydrides and acid 
ehiorides to form bodies more or less analogooi 
to the amio aoids , thni with SO, OH Cl am 


monia forms NH(SO,.ONHJ^the NH4 salt of 
imido sulphuric ^ acid NH(SOpH),— from the 
salts of this acid are obtamed salts of amido 
sulphuric, or sulphamic, acid — NH2(SOpH) 
Again by the action of NH, on the acid chloride 
SOpl^ it IS probable that the amide of sulphutio 
acid— (NHg) SOg — is produced So also NH, 
reacts with CO, to produce NH2(CO ONHJ — 
the ammonium salt of amidocarbonic, or car- 
bamic, acid These compounds will be de- 
scribed under the various acids {v Carbamto 
ACID, Sulphamic acid, Sulpuub oxyacids, nitbo- 
GEN derivatives OF , <frc ) 

III Ammonia solution 1 Heat decom- 
poses NHgAq, the whole of the NH, being re 
moved as gas — 2 Chlorine, bromine, and iodine 
react as with NH, gas , chlorine produces a little 
NHpiO, (Fresenius, Fr 2, 59) —3 Reacts with 
acids to form ammonium salts (v Combinations, 
No 4, also Ammonium compounds) — 4 With 
many metallic salt solutions it reacts (similarly 
to KOHAq) to form an ammonium salt and 
an oxide or hydroxide of the metal — 6 Heated 
with sulphur m a closed tube ammonium poly 
sulphides are slowly formed (Fluckiger, J Ph 
[3] 45, 453) — C Heated with selenion in a closed 
tube, ammonium selenide and selenite are 
formed , with tellurium ammonium tellurite is 
produced (Fluckiger, I c ) 

Combinations — 1 Ammonia gas dissolves 
very freely m water, the action is attended 
with production of heat , [NH*,Aq] = 8,430 {Th 2, 
68) , a concentrated solution of NH,Aq diluted 
1270 

with n H,0 develops units of heat (Berthe 

lot, A Ch [5] 1, 209) Thomsen {Th 8, 86) 
gives the following data 

NHbtH 0,wHO 

n + m 15 25 60 

n^3 2 819 860 872 

„ 16 — 81 63 

„ 25 — — 22 

The mass of NH, absorbed by water at 0® i 0 
not directly proportional to the pressure , for 
pressures varying from 60 to about 1,000 mm 
the mass of NH, is less, and for higher pres 
Bures it IB greater, than that calculated by 
Dalton and Henry’s law (for data v Roscoe a. 
Dittmar, A 112, 349) As temperature in- 
creases the mass of NH, becomes more nearly 
directly proportional to the pressure, until at 100 ° 
the proportion is established (for data v Sims, A 
118, 346) The S G of an aqueous solution of NH, 
vanes from 8844 at 14°, correspondmg to 36 p 0 
NH„ to 9991 (at 14°) correspondmg to 2 p 0 . 
NH, (Canus, A 99, 164) Carius gives the 
annexed table Determinations made at 14° 0 
A solution containing 82 p 0 NH, corresponds 
with the quantity calculated on the assumption 
that the hquid consists of the compound 
NH^OHHgO (v Ammonium Compounds)— 2 
Dry ammonium nitrate absorbs NH, at all tem- 
peratures from — 18° to + 26° with hquefaction 
of the salt , heated over 25°, NH, is evolved and 
the substance becomes solid , the hqnid at 10 ® 
and 760 ram contains 42 5 grams NEE, and 100 
grams NH^NO,, these numb^ agree with those 
calonlated from the formula NH 4 NO, 2NH,, the 
iohd at 28® 6 contains NHNO, and NH, m the 
proportuxn KH^NO, NH, (Ihvera, Pr 21, 108| 
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8p«olflo P O Speolflo P CL Spedflo P O 
gnrity NH, gravity NH, gravity NH, 

0 8844 36 0 1 0 9133 24 0 '0 9520 12 0 

0 8848 85 8 0 9139 23 8 0 9527 118 

0 8852 85 6 0 9145 23 6 0 9534 116 

0 8856 35 4 0 9150 23 4 0 9542 11 4 

0 8860 35 2 0 915b 23 2 1 0 9549 11 2 

0 8864 35 0 0 9162 23 0 10 9356 110 

0 8868 34 8 0 9168 22 8 0 9563 10 8 

0 8872 34 6 0 9174 22 6 1 0 9571 10 6 

0 8877 34 4 0 9180 22 4 10 9578 10 4 

0 8881 34 2 0 9185 22 2 0 9586 10 2 

0 8885 34 0 0 9191 22 0 ' 0 9593 10 0 

0 8889 33 8 0 9197 21 8 0 9601 9 8 

b8894 33 6 0 9203 21 6 0 9608 9 6 

0 8898 33 4 0 9209 21 4 0 9616 9 4 

§ 8903 33 2 0 9215 21 2 0 9623 9 2 

0 8907 33 0 0 9221 210 0 9631 9 0 

0 8911 32 8 0 9227 20 8 0 9630 8 8 

0 8916 32 6 0 9233 20 6 0 9647 8 6 

0 8920 32 4 0 9239 20 4 0 9654 8 4 

0 892o 32 2 0 9245 20 2 0 9662 8 2 

0 8929 32 0 0 9251 20 0 ,0 9670 8 0 

0 8934 31 8 0 9257 19 8 ,0 9677 7 8 

0 8938 31 6 0 9264 19 6 0 9685 7 6 

0 8943 31 4 0 9271 19 4 I 0 9693 7 4 

0 8948 31 2 o 9277 19 2 0 9701 7 2 

0 8953 31 0 0 9283 19 0 0 9709 7 0 

0 8957 30 8 0 9289 18 8 i 0 9717 6 8 

0 8962 30 6 0 9296 18 6 ,0 9725 6 6 

0 8967 30 4 0 9302 18 4 | 0 9733 6 4 

0 8971 30 2 0 9308 18 2 I 0 9741 6 2 

0 8976 30 0 0 9314 18 0 | 0 9749 6 0 

0 8981 29 8 0 9321 17 8 0 9757 5 8 

0 8986 29 6 0 9327 17 6 0 9765 5 6 

0 8091 29 4 0 9333 17 4 0 9773 5 4 

0 8996 29 2 0 9340 17 2 0 9781 6 2 

0 9001 29 0 0 9347 17 0 0 9790 6 0 

0 9006 28 8 0 9353 16 8 0 9799 4 8 

0 9011 28 6 0 9360 16 6 0 9807 4 6 

0 9010 28 4 0 9366 16 4 0 9815 4 4 

0 9021 28 2 0 9373 16 2 0 9823 4 2 

0 9026 28 0 0 9380 16 0 0 9831 4 0 

0 9031 27 8 0 9386 15 8 0 9839 8 8 

0 9036 27 6 0 9393 15 6 0 9847 8 6 

0 9041 27 4 0 9400 15 4 0 9855 8 4 

0 9047 27 2 0 9407 15 2 0 9863 3 2 

0 9052 27 0 0 9414 16 0 0 9873 8 0 

0 9067 26 8 0 9420 14 8 0 9882 2 8 

0 9063 26 6 0 9427 14 6 0 9890 2 6 

0 9068 26 4 0 9434 14 4 0 9899 2 4 

0 9073 26 2 0 9441 14 2 0 9907 2 2 

0 9078 26 0 0 9449 14 0 0 9915 2 0 

0 9088 26 8 0 9466 13 8 0 9924 1 8 

0 9089 26 6 0 9468 13 6 0 9932 16 

0 9094 25 4 0 9470 13 4 0 9941 1 4 

0 9100 25 2 0 9477 13 2 0 9950 12 

0 9106 25 0 0 9484 13 0 0 9959 1 0 

0 9111 24 8 0 9491 12 8 0 9967 0 8 

0 9116 24 6 0 9498 12 6 0 9976 0 6 

0 9122 24 4 0 9505 12 4 0 9983 0 4 

0*9127 24 2 0 9512 12 2 0 9991 0 2 

Raoult, C. R 76, 1261 — 8 Ammonia gas com- 
bines with a great many metaUtc chlorides, suU 
phates, Ac , to form either double compounds or 
compounds which are best regarded as substi- 
tnted ammomum salts. (For a slight general 
sketch V AimevinM OoMPoCNDft The several com 


pounds are described in the arts on the different 
metals) —4 Ammonia gas or solution combines 
with acids to form well-marked salts isomorphout 
with the corresponding salts of the alkah metals. 
The value of the heat of neutralisation of an 
acid by NH^q is always rather smaller than 
the value when KOHAq or NaOHAq is used , 
thus Thomson (Th, 1, 412-421) gives these 
numbers 

BAq [H’SO’Aq, BAq] [HKJl*Aq, BAq] 
2KOHAq 31,288 27,504 

2NaOHAq 81,878 27,488 

2NH«Aq 28,152 24,644 

[H N^O-Aq, BAq] 

27,544 

27,364 

27,644 

These results are quite in accordance with the 
view that an aqueous solution of NH, contains 
the compound (NH 4 )OH, analogous in composi- 
tion and properties to the hydroxides of the 
alkah metals (v Ammonium Compounds) 

Detection —Free ammonia is detected 1 by 
its OTQell , 2 by its action on HCl whereby white 
clouds of NH^Cl are produced , 3 by its 
action on paper, a moistened with neutral 
HgNOgAq, whereby a black stain (HgjO) is 
formed, b moistened with CuSO^Aq whereby 
a sky blue colour (CuSO< 4NHa) is produced, c 
moistened with MnSOAq, whereby brown spots 
(Mn 205 ) are formed, a steeped in an ethereal 
solution of alkanna root (Enz, J 1870 9H5), 
whereby a blue colour is prefaced (Bottger, J pr 
107, 146) The presence of ammonia or am 
monium salts can be ascertained by various 
tests, the following may be mentioned— 4 
Sodium picrate precipitates yellow ammonium 
picrate — 6 A solution of sodium molybdate con 
taming phosphoric and nitric acids forms a citron 
yellow pp (Sonnenschein, J pr 66, 302) - 
6 Nessler's solution — a strongly alkaline solu 
tion of Hglj in KIAq— forms a brown pp , or 
blown colour in extremely dilute solution, of 
NHgjI IL,0 (Nessler, C C 18o6 529) All am 
monium salts are at least partly volatihsed when 
heated , some give sublimates of the original 
salt, eg NH^Cl, others are decomposed, eg 
NH,NO, and NH,NO, 

Estimation — 1 Ammonium salts are some 
times estimated in a mixture, all the other con 
stituentsof which are non volatile, by heating a 
specified quantity and determining the loss of 
weight — 2 All ammonium salts are decomposed 
by heating with KOHAq (or NaOHAq) with evo- 
lution of NH, if organic N containing com 
pounds which evolve NH, by the action of 
alkalis are absent, it is only necessary to add a 
weighed quantity of the ammonium comj^und 
to an excess of KOHAq, or NaOHAq, whi<m has 
been boiled and cooled, in a flask connected 
with a condenser and receiver, and to warm on 
a sand bath , NH, passes over and is received in 
dilute HClAq , the NH^Cl is then transformed 
into 2 NH 4 CI PtC^u No 3), or the NH, IS received 
in a measured quantity — excess— of standardised 
HClAq, H,S 04 Aq, or H,C 404 Aq, and the re- 
sidual aoid IS determined by titration with 
standard alkali [A special apparatus is de- 
scribed by Haroourt {Fr 2, 14) ] If N-oon- 
taming organic compounds are present which 
etolve NH, by the action of alkaUs, Schlossing 
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(A Ch [8] 31, 153) recommends to place the 
Bubstonoe with excess of milk of lime over a 
measured quantity of standard H2S04Aq, under 
a bell jar, for 48 hours, and then to determine 
the residual acid by standard alkali — 3 Am 
momum salts the acids of which are soluble m 
alcohol may be estimated by conversion into 
^NH^Cl PtGl, , an excess of nearly neutral 
PtOl^Aq.free fromHNO^is added to the solution, 
the liquid is evaporated at 100°, the residue is 
washed with alcohol, dried at 100°, and weighed, 
or it 18 strongly heated and the residual platinum 
is weighed This metihod is applicable in the 
presence of salts which form double compounds 
wi^h Pt soluble m alcohol , it is best that such 
talts should be chlorides, to insure this the 
mixture is evaporated with excess of cone 
H€lAq (it 18 best to remove sulphuric acid by 
33a(OH)2, excess of Ba(OH)2 being afterwards 
removed by COJ In the case of KCl, which 
forms a salt 2KC1 PtCl^ insoluble m alcohol, the 
mixed Pt salts are weighed, then strongly heated 
and again weighed, the KCl is dissolved out in 
water, and the residual Pt is weighed - 4 Am 
momum salts are decomposed by alkaline hypo 
chlorites or hypobromites giving off all their N, 
which may be collected and measured. 

(2NH.ClAq + 3NaC10Aq- 
Nj + SNaOlAq + SHp + 2HC1 Aq) 

Wohler employed calcium hypochlorite for the 
purpose, Knop {Fr 9, 223) used barium or sodium 
hypobromite (prepared by the action of Br on 
Ba(OH)2Aq or on NaOHAq) , Schiff has described 
a special apparatus {Fr 7, 430) , Krockv^r a 
JDietnch (Fr 3, 64 , 6, 40) decompose by excess of 
broramated NaOClAq, and determine the residual 
hypochlorite by titrating with an alkaline solu 
tion of arsenious oxide (Comp also hosier C J 
S3, 470)*— 6 Minute quantities of NH3 are de 
termined by the colorimetric process of Nessler 
ising , a measured quantity of Nessler’s reagent 
— Hglj in KIAq made strongly alkaline by 
KOHAq — IS added, and the colour is compared 
with that produced by an equal quantity of 
Nessler’s solution in an equal volume of water 
containing a known quantity of ammonia 

M M P M 

AMMONIA, ACTION ON OBGANIC BODIES 

1 Ammonia converts alkyl salts of inorganic 
acids mto amines {q v ) — 2 It converts alkyl 
salts of carboxylic acids into amides {q v ) — | 
6 It converts the oxides of acid radicles mto 
amide and ammonium salt Ac20 + 2NH,« 
AcNHj + AcONH^ — 4 It converts chlorides of 
acid radicles into amides of the correspond 
mg acids AcCl + 2NHj - AcNH^ + NH,C1 — 5 It 
unites with cyanic ethers forming ureas — 6 
it unites with thio carbimides forming thio 
ureas — 7 It unites with aldehydes, but m 
the case of the higher fatty aldehydes and the 
aromatic aldehydes water is simultaneously split 
off — 8 It unites with ketones and qumones — 
Alcoholic NH, sometimes removes HCl, thus, 
it converts isobutylMene chloride MejCH CHOl^ 
chloro-iso-butylene Me^C CHCl, and di chloro 
propane CEL, CCl, CH„ mto chloro propylene 
CH,CC3 CE[2(Oeconomides, G R G2, 1235) — 10 
For its action on oxy compounds see Amines, 
Formahon 10—11 Ammonia can displace O 
bjNH 
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AMMONIUM COMPOUNDS Compoands 
produced by the* action of ammonia on acids 
The conditions of occurrence m nature, and also 
of the artiffcial syntheses, of these salts are re- 
ferred to m the article Ammonia, q v In that 
article some data are given regarding the ab- 
sorption of ammonia by water (Combinations, 
No 1), and regarding the thermal values of the 
neutralisation of acids by NH,Aq {Combtna- 
tions, No 4) The products of the mutual 
actions of NH,Aq, and HCLAq, H^SO^Aq, and 
other acids — the ammonium salts -are for the 
most part white crystalline bodies, easily soluble 
in water, and many of them soluble also m alco- 
hol, they exhibit marked analogies with the 
salts of potassium Corresponding arnmoniur' 
and potassium salts are isomorphous, hence they 
probably have similar compositions The aip 
momum salts are distinguished by their com- 
paratively great volatility , heated, as solids, 
they are completely volatilised, if the acid of the 
' salt is volatile , if the acid is non volatile {e g 
, borate or phosphate), ammonia is evolved They 
! do not exist as gases , when volatilised they are 
either decomposed e g NH,NO„ or dissociated 
' e g NH,C1, q v (v also Dissociation) When 
gaseous NH, acts on gaseous HCl, HBr, or HI, 
combination occurs with production of much 
heat and formation of solid compounds NH,HX, 
thus (Th 2, 75) 

1 X (NH*, HX) 

Cl 41,900 

Br 45,020 

I 43,460 

If the solid products of these actions, NH,HX, 

' are heated to about 450°, a vapour is obtained 
I containing NH-, and HX , on cooling this vapour 
the compound NH3HX is re formed Gaseous 
I NH, does not combine with HCl, HBr, or HI, at 
I temperatures above about 460° These facts 
1 establish a difference between the ammonium 
' and potassium compounds This difference la 
further exhibited in the reactions of the two 
classes of compounds , the ammonium salts are 
easily decomposed, eg by alkalis and alkaline 
earths, with production of NH, On the other 
hand the properties of NH,Aq (v Ammonia, Pro 
pet ties of ) are so similar to those of KOHAq, 
and the reactions of acids with these solutions, 
whether considered thermally or chemically, are 
[ so analogous, that there can be little doubt that 
the composition of ammonium salts is similar 
to that of potassium salts This similarity is at 
once rendered apparent by formulating the 
former class of salts as compounds of the hj 
pothetical group of atoms NH^, ammonium 
Thus we have 

NH4 01 isomorphous with and chemically analo- 
gous to K Cl, 

NH4 NO, isomorphous with and chemically 
analogous to K NO,, 

(NH4),.S04 isomorphous with suad chemically 
analogous to E, SO4, 

(NH4)jC 204 isomorphous with and chemically 
analogous to K,.C204, 

NH4 OjHjO, isomorphous with anA chemically 
analogous to K 0,^,0,. 

If this analogy of properties is in all oases 
supposed to accompany analogy of composition, 
then NHjAq must be formulated as NH^ OHAq 
The compound NH4OH has not been separated 
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Irom the eolation of NH, m water , but this does 
not prove the non existence bf the compound m 
this solution A chemical compound may, and 
sometimes almost certainly does, exist as a 
member of a system, and yet it may be incapable 
of existence apart from the other members of 
the system The existence of every compound 
18 conditioned by other factors than the 
elements which compose it , among these 
factors, temperature, and the presence or absence 
of other compounds, are very important Com 
pounds closely resembling NH^OH, and un 
doubtedly derived from NH^OH, are known as 
definite solid bodies , they are obtained by re 
placing the four hydrogen atoms in the com 
plex NH4OH by alcoholic radicles or 

, thus N(CH,)4 oh, N(C 2H,)4 OH, and 
N[(C^HJ^(CttH5)a]OH, have been prepared These 
bodies closely resemble NaOH and KOH m their 
properties, their existence and properties are 
strong arguments in favour of the existence 
of the compound NH^OH in aqueous solutions 
of NH3 The formulce NH^ OH, NH^ Cl, (NH4),S04 
&c , then better summarise the properties 
and reactions, and suggest the analogies, of the 
ammonium compounds, than the alternative 
formuU NH,HO, NH, HCl, (NH,),H,S04 dc 
The name ammonium is given to the compound 
radicle, or group of atoms, NH^ We do not 
know that the composition of the molecule of 
ammonium chloride is represented by the 
formula NH^Cl , indeed we do not even know 
the molecular weight of this or of any other, 
ammonium compound These compounds seem 
to exist only as solids, or m solution We are 
scarcely justified in applying the term molecule to 
the chemically reacting small particles of solids 
or liquids, unless the term is used m a wider 
and vaguer sense than is given to it when we 
speak of the molecule of a gas {v Atomic and 
MOLECULAR WEIGHTS) But in Saying that the 
complex or collocation of atoms which forms 
the reacting weight of ammonium chloride is a 
combination of an atom of chlorine with the 
radicle, or group of atoms, ammonium, we 
mean to imply that, when this complex of 
atoms reacts with various other kinds of matter, 
it behaves as if the four atoms of hydrogen were, 
in some way, more directly and closely related 
to the atom of nitrogen than to the atom of 
chlorine The fact that when the same complex 
of atoms is heated it separates into two distinct 
molecules, HCl and NHg, neither proves nor dis 
proves the correctness of the formula NH^ Cl, 
and the conception which that formula em 
bodies Neither does the fact, that no gaseous 
molecule is known containing a single atom of 
nitrogen combined with more than three mono 
valent atoms, disprove the formula NH^ Cl , for 
the solid compound ammonium chloride presents 
us with phenomena to which the conceptions 
regarding the valencies of atoms, which have 
been gained by the study of gaseous molecules, 
are not strictly applicable 

In connection with the constitution of anv 
monium compounds it is of interest to observe 
that the compound produced by the union of 
N{CH,)jCjH 3 with G^HjI appears to be identical 
with the compound produced by the union of 
N(02 Hj) 2CIH, with CH,I, it seems as if this 
compound N[(CH,)2(Cj{Hj)j]I belonged to the 


same form or type as NH4J, NH4.C1,NH4 OH, Ao. 
(V Meyer and Lecoo, B 8, 28» a 936) 

The group of atoms, NH4, is evidently chemi- 
cally comparable with the atoms K, Na,Li, Cs, or 
Kb , but these are the atoms of strongly positive 
metals , hence if the group NH4 could be isolated 
it might be expected to exhibit properties similar 
to those of the alkali metals Experiments have 
demonstrated the impossibility of the existence 
of NH4 uncombined with other atoms , bull 
certain reactions are known which suggest the 
existence of an alloy of this hypothetical metallic 
radicle with mercury 

Ammonium Amalgam If an electric current 
IS passed through cone NHgAq, or NH4ClAq, the 
negative electrode consisting of mercury and the 
positive of a platinum wire, the mercury swells up, 
sometimes to 20 times its original volume, and 
becomes pasty so that it may be lifted by the 
hand, while nitrogen is evolved at the positive 
electiode The same result is obtained as 
regards the mercury, if a piece of BoUd NH4CI 
is used , also if sodium amalgam, containing 
about 1 p c Na, is placed in cone NH,ClAq — 
in this case NaCIAq is produced The peculiar, 
pasty, lustrous, metal like, substance formed m 
these experiments is called ammonium amal 
gam , at a very low temperature, obtained by 
solid CO2 and ether, it is a dark grey, solid, 
crystalline, mass , even at —29° it begins to 
evolve NH3 and H, and this change proceeds 
rapidly at moderate temperatures , the two gases 
always come off m the ratio NH, H 

An amalgam of K with Hg is produced by 
electrolysis under conditions very similar to 
those which attend the production of ammonium 
amalgam , the analogy between ammonium 
and potassium is thus carried out here also 
Ammonium amalgam, it is said, does not 
reduce salts of Ag, Cu, or Fe, as K amalgam does 
(Landolt, A Suppl 6,346) When the amalgam 
IS subjected to increased pressure its volume 
18 found to change almost inversely as the 
pressure, m this respect then it behaves like 
a gas rather than a semi solid compound 
The following data are given by Routledge 
(C N 26, 210) — 


0 c of Hg 
in 

amalgam 

0 0 . of 
amalgam, 
pressure 
763 mm 

Increased 
pressure 
ipplied, In 
uam ofHg 

CO of 
amalgram 
under in 
creased 
pressure. 

oe of 
amalgiim 
calculated 
by Boyle s 
law 

14 5 

210 

1624 

18 0 

17 9 

24 4 

86 2 

1624 

316 

30 9 

10 4 

18 0 

1863 

14 7 i 

13 7 

23 8 

42 2 

1026 

38 8 

38 5 

23 8 

42 0 

2015 

32 2 

31 6 

23 8 

36 2 

1495 

32 6 

30 6 

29 2 

89 5 

1989 

34 4 

35 4 


As the pressure increases, the surface of the 
amalgam becomes brighter, until under large pres 
sures it has the appearance and hqui^ty of 
mercury (Seeley, C N 21, 265) These results 
point to the existence of gaseous NH, or H, 
or, it may be, gaseous NH4, in the Hg , but 
they do not disprove the existence of the 
atomic group NH4 in some kind of loose com- 
bination with Hg An alloy of Fe and NH, 
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is Bald by Meidinger (C C 18C2 78) to be formed 
when FeSO^Aq or FeOl^Aq, to which a con- 
siderable quantity of NH^ClAq has been added, 
16 electrolysed by a strong current, the negative 
electrode consisting of a copper wire 

By electrolysing aqueous solutions of ammo 
mum salts using carbon electrodes, Bartoli a. 
Papa80gli(C? 13,281) obtained benzenecarboxylic 
acids and a compound of C, H, 0, and N, re 
leembhng mellogen 

Of the ammonium compounds we have here 
to consider the bromide^ chloride^ fluorides^ 
iodides, selentdes, tellunde, and sulphides , the 
others will be considered under the headings 
Carbonates, Nitrates, Sulphates, &c The hy 
dioxide, known only in aqueous solution, has 
been already treated of in the art Ammonia. 

Ammonium bromide NH^Br Mol w un- 
known , does not exist as a gas, but is disso 
dated by heat into HBr + NH, S G 2 379 
(Schroder, P 106, 242) S G 2 327 (Edf^r, 
Sits Tr%2 (2), 1284) V D at 440° to 860^ 24 4 
(Deville and Troost, C R 49, 239 , 66, 881) 
S (10°) 66 2, (16°) 72, (30°) 811, (50°) 94 1, 
100°) 128 2 S (alcohol, S G 806, 15°) 3 1 , 
75°) 10 5 S (ether S G 729) 12 (Eder, I c ) 
[NH», HBr]= 45,020, [N, H‘, Bi] = b5,448 
(Th 2, 75) [NH'Br,Aq] = - 4 d80 {Tk 3, 197) 
BVS 417 

Formation —1 By adding HBr or HBrAq to 
NHg or NH,Aq 2 By the action of Br on 
NHjAq, 4NH,Aq + 3Br = 3NH,I>rAq + N on 
evaporation, crystals are obtained 

Properties and Reactions —White crystals , 
soluble in water , the act of solution is attended 
With absorption of much heat Exposed to moist 
air turns yellow, and acquires an acid reaction 
An aqueous solution gives oflf ammonia at mode 
rately low tempeiatures 

Troost {C R 92, 715) describes three com 
ounds, NH4Br.a:NH3, a: = l, 3, and 6, obtained 
y the action of excess of NHj on waim NH,Br, 
the dissociation phenomena of these compounds 
have been studied by Boozeboom {R T C 4, 361) 
Ammonium chloride NH^Cl {Sal amino 
niac) Mol w unknown, does not exist as 
gas, but 18 dissociated by heat into NHg + HCl 
S G 1 52 (Schrader, P 106, 242) V D at 350° = 
14 4, at 1040° = 14 5 (Deville a Troost, C R 49, 
239 , 56, 891) , but vapour consists of equal 
volumes of NH, and HCl {v Reactions, No 1) 
BH (15° to 46°) 373(Kopp, T 155,71) SH 
(23° to 100°) 3908 (Neumann, P 126, 123) C E 
(cubical, 0° to 40°) 00018764 (Fizeau, C R 64, 
814) SV8 36 2 S (0°) 28 4 , (10°) 32 8 , (110°) 
77 2, S increases approximately 4 4 parts for 
each 10° (Alluard, C R 69, 600) S (alcohol 
S G 939, 8^) 12 6 , (66°) 80 1 (Gerardin, A Gh 
[4] 5, 129) [NH*, HCl] - 41,900, [NH’Aq, 

HClAq]- 12,270, [N, H«, Cl] = 75,790 {Th, 2, 
75) [NH 'Cl, Aq] - - 8,880 {Th 8, 197) 

[NH*C1 nH*0,mH^O] {Th 8, 109) 



25 

60 

100 

200 

urn 10 

-87 

-121 

-129 
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H 25 

— 

- 84 

- 42 

- 42 


M 50 — _ 8 ~ 8 

, 100 — 0 


OeofWTWKjfl.— -In vmall qaantities, in the 
neighboorhood of voloanora, and in fumaroles ^ 
in Boma ammal seereiioni, e g saliva. 


Formation , — 1 By mixing HOI and NH« Ih 
equal volumes 2 By the action of HCl on M 
and H, under the influence of the electric dis- 
charge, or when heated and quickly cooled (for 
details V Ammonia, Formation, Nos 1, 2, and 
3) —3 By the decay, or destructive distillation, 
of various N containing oiganic matters 

The name Sal ammoniacum seems to have 
been given by the earlier chemists to rock salt, 
Geber, probably latter pait of 8th century, pre- 
pared ammonium chloride from urine and com- 
mon salt , towards the end of the seventeenth 
century the name Sal ammoniacum came to be 
applied to ammonium chloride The salt was 
prepaied in Egypt by sublimation from the 
sooty deposit obtained by burning camel’s dung 
The first manufactory of sal ammoniac m 
this country was estabhshed at Edinburgh in« 
1756 

Preparation — Crude ammonium carbonate 
obtained bv the dry distillation of bones, hoin, 
blood, &c , or gas coal, is decomposed by hot 
milk of lime, and the NH, pioduoed is led into 
HClAq, the liquid is boiled down, and the crude 
NHjCl IS purified by solution, filtration through 
animal chaicoal, re crystallisation, and subhma 
tion For details of preparation of pure NH^Cl 
V Ammonia, Prepaiatwn No 3 

Psopeities — Pure ammonium chloride is a 
white, inodoious, salt, with a pungent t ste, it 
cr}stallise3 fiom aqueous solutions in small cub38 
01 octahedra which gather together into feathDiy 
masses (v fuither, Naumann, J pr 60, II and 
310) By sublimation and rapid cool iig it is 
obtained as a loosely cohering powder consisting 
of minute octahedia , the oidinary sublimed salt 
has been partially fused and appears as a semi 
translucent mass of fibrous ciystals It is veiy 
tough, and cannot be powdered , sal ammoniac 
IS best obtained in fine powder by evaporating a 
solution to dryness with constant stirring It is 
easily soluble in water {v data at beginning of 
aiticle) , a cone aqueous solution boils at 116 8° at 
768 mm (Alluard, C R 59,500), SG l^°ofconc 
NH^ClAq containing 26 p c NH^Cl is 1 0752 
(Michel a Krafft, A Ch [3] 41, 471) Tables of 
S G of NHjClAq are given by Gerlach {J 1859 
42), and Schiff (A 110,74) On heating NH.ClAq 
of 10 6 p 0 to 87° NH, is given off in the 
water vapour (Leeds, Am S [8] 7, 197) , as 
temperature increases the decomposition of NH^Gl 
probably increases also {v Fittig, A 128, 189 ; 
Dibbits, B 6, 820 , Brucke, J pr 104, 481) 

Reactions — 1 When NH^Ol is hmted it 
vaporises, but the vapour is found to consist of 
HCl and NH, {v Pebal, A 123, 199 . Than, A 
131, 129 , Wanklyn, P M [4], 29, 112 , Wurtz, 
J 1859 80 , Deville a Troost, 0 R 49, 239 , 66, 
891 , Tommasi, B 14, 363) The density of the 
vapour IS 12 9 according to Bmeau {A Ch [2] 
68, 416) , 14 4 at 850°, and the same at 1040°, 
accordmg to Deville and Troost {G R 49, 239 , 
56, 891) Than e ) has shown that HCl does 
cot combine with NH, at 850° or higher 
temperatures — 2 NH,ClAq is decomposed by 
chlorine with formation of HCl and nitrogen 
ohlondo (g v ) — 8 Heated with tron, stnc, or 
better wiui ^tasstum, NH.Cl is decomi>osed 
with prodnotion ol metalliocblonde, NH„and H; 
in ]Mtsenoe of air and moisture the reaction pro- 
oedb rapi^ with formation of metallic chloride 
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Vt oiyohlonde and NH,, — 4 Many ntetaUie 
oxuie$ decompose NH4CI with formation of ohlo« 
ndes, and NH, , in some cases — e g oxides of 
Hgt Pt, Au &o — the chlonde combines with a 
portion of the NH^Cl to form a double compound 

6 Alkaline carbonates decompose NH^Cl when I 
heated with volatilisation of ammonium car- 
bonate Calcium carbonate^ especially when 
fleshly precipitated, dissolves readily in NH^CIAq , 
on heating, ammonium carbonate is evolved — 

C Crystallised sodium sulphate partially 
decomposes NH,C1 when the two are mixed 
together by rubbing, NaCl and (NHJ SO4 being 
foimed and partly dissolving in the water which 
comes from the sodium sulphate crystals — • 

7 Sulphuric anhydride vapour is absorbed by 
powdeied NH^Cl, on warming HCl is evolved 
and SO^NH^ONH^ is formed , if water is added 
‘(NHJ^SO^ 18 produced — 8 The reaction between 
acids and NH^Cl follows the ordinary course of 
the interaction of acids with salts of other acids 

Combinations — 1 NH^Cl combines with 
many metallic chlorides to form double com 
pounds , e g PtCl, 2NH,C1 , HgCl 2NH4CI , 
CuC1^2NH^Cl (fee Iv the several M^rALb) — 2 
With an aqueous solution of ICl, the compound 
NH^Cl ICI3 is produced (u Ammonium iodide, 
Reactions, No 2) — 6 According to Troost (C R { 
88, 578) when NH^Cl is heated with a large excess 
of pure dry ammonia, at least two compounds 
Bie formed HCl 4NH„ melting at 7°, and 
HCl 7NH3, formed at — 31° and 760 mm , melting 
at —18° 

Ammonium fluorides (Marignac, Ann M [5] 
15, 221) 

I Neutral Salt NH^F Mol w unknown 
[NH«Aq, HFAqJ = 15,200 [NH^ HFj = 30,100 
(Guntz, C R 97, 1483) Formation — 1 By 
mixing HF and NH, — 2 By heating KF or 
NaF with NHjCl Preparation — 1 By gently 
heating a dry hnely powdered mixture of 1 part 
NH^Ci with paits KF in a platinum crucible 
covered with a lid, which is kept cold by drop 
ping water on to it , the NH^F sublimes on to 
the lid —2 Ordinary HFAq is saturated with 
NH,Aq, a little (NHJ^COjAq is added, the clear 
liquid is decanted and evaporated in a platinum 
dish with repeated additions of small pieces of 
solid ammonium carbonate Properties — Hexa 
gonal prisms with strong saline taste , unchanged 
in dry air, but deliquescent in moist air , easily 
soluble in water, less soluble m alcohol, an 
aqueous solution gives off NH, and acquires an 
acid reaction, the dry salt absorbs NH, but gives 
It off again on heating, sublimes readily with 
previous fusion , etches glass, and must be kept 
in platinum, silver, or gutta percha, vessels Re 
actions —1 When moist, or m solution in 
water, NH^F decomposes silicates with formation 
of 81F4 , the same decomposition is effected by 
the dry salt by heating it with silicates — 2 An 
aqueous solution is decomposed by heat, with 
formation of the acid salt NH^F HF and evolution 
of NH, {v tnfra) 

II Acid Salt, NH^PHP, Mol. wr on- 
Imown S G 1 21. Formation, — I By evapora- 
ting on aqueous solution of NH^F at 86° to 40° 
In a platinum dish — 2 By addmg excess of 
NHyAq to a solution of fluosihoio aoid, and 
evaporating ; as thus obtamed the salt is mixed 
with sihca, iV»gp«r4ia#,--Cokmrless pnsms , | 
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easily soluble in water, slightly deliqueseent, 
easily volatilised, vapour being very aond. 

Ammonium iodides. 

I NH4I Mol w unknown, does not exist 
as gas, but is dissociated by heat into NH, + HL 
S G ii° 2 498 S V S 68 V D (440° to 860°) 
38 8, but vapour consists of equal volumes oi 
HI and NH, [NH*, HI] =43,462, [N,HM]-. 
49.313 {Th 2,75) [NH^.Aq] = - 3,560 {Th 8, 
197) Formation — 1 By mixing equal volumes 
of HI and NH,, or by acting on HIAq with 
NHAq — 2 By decomposing Fe,IgAq by 
(NHd,CO,Aq, or Bal Aq by (NHJ.SOAq 
paratwn — 1 Hot saturated solutions of (NHJ^SOg 
and El, equal equivalents, are mixed , after 
cooling, alcohol equal to 15 pc of the water 
used IS added , the liquid is filtered after 12 
hours, and evaporated with addition of a little 
NHjAq from time to time (Jacobsen, C C 1864 
192) — 2 A solution of 27^ parts KI m 48 parts 
H^O is mixed with a solution of 22 parts tartano 
acid m 48 parts water, the mixture is pMteed in a 
freezing mixture to separate KHC^H^O,, the 
filtrate is evaporated at 100° with addition of 
a little (NHJ CO, (Beyer, D P J 171, 4C7) 
Properties —Colourless cakes, very soluble in 
water and alcohol , deliquesces in moist air, and 

I becomes yellow through separation of I, and loss 
of NH, , may be sublimed unchanged in absence 
of air Reactions — 1 NHJAq is easily decom- 
posed by dilute acids , the solid compound is 
decomposed by dry HCl gas at high temperatures, 
at 3G0° about ^tfi, at 440° about Itli, at a dark 
red heat about ^ths, of the NHJ being decom- 
posed (Hautefeuille, C R 64, 704) — 2 Chlorine 
led into satuiated NH^IAq produces long, golden- 
yellow, needles of NH^Cl ICl, (Filhol, J Ph 
25, 441) , this compound is decomposed by 
gentle heating into ICl, and NH^Cl — 3 By heat 
ing m ammonia, the compounds NHJurNH, 
x = 1, 3, and 6, are obtamed according to 
Troost (C R 92, 716) 

II According to Guthrie {C J [2] 1, 239) a 
compound of NH^I with I — NH^I I — is obtained, 
as a brownish black liquid, soluble m alcohol, 
ether, CS^, and KIAq, less soluble in CHCl,, when 
I IS added in small quantities to a oonc solution 
of NH4NO, With which I equivalent of KOH has 
been mixed NHJ I easily separates in dry air 
into NH, and I , water or dilute alkali produces 
iodide of nitrogen, NH^I, and HI, mercury acts 
on it to form HgL and NH, , aqueous solutions 
of acids produce NH^ salts and separate I 

Johnson (C J 33, 397) describes a compound 
of NH4I and I the composition of which agrees 
with the formula NH^I, It is produced by 
adding I to NHJ m presence of a httle water 
until no more I dissolves It forms dark blue, 
somewhat deliquescent, prisms , S G 3 749 , 
soluble m a little water, decomposed on dilution 
with precipitation of I This compound seems 
to form a double salt with El, viz fiNH^I, El, 
obtained by passing NH, into the mother hquor 
from which Kl, has separated 

Ammoniam selenides (NH 4 } 2 Se, and (NH 4 )SeH 
(Bmeau, A Ch [2] 67, 229) Neither haa been 
gasified and therefore mol ws are unknown. 
NJ^ has no action on Se, bat readily oombmea 
with H,Se , when excess of NH, is used 2 vols 
combine with 1 voL H^Se and prodooe (NHJ,Be, 
when excess oi H,Se is nsed equal tom of the 
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sgaseB combine and form HSe These com 
pounds are white solids which soon turn red by 
exposure to air or when dissolved m air contain 
mg water , both smell of NH, and HjSe and appear 
easily to undergo change, their aqueous solu 
tions probably oontam polyselenides although 
none of these has been isolated , the products 
of the distillation of K^Se with NH^Cl probably 
also contain ammonium polyselenides 

Amoiomum tellunde NH^ HTe White leaf 
shaped crystals, easily soluble in water, vola 
tilised at 80° Formed by the direct union of 
NHj and H,Te (Bmeau, A Ch [2j G7, 229) 

Amm onmm sulphides, and Sulphydrate or 
Hydrosulphide Five solid sulphides, and a 
liydrosulphide, of ammonium are known , their 
compositions are expressed by the formulas 
NH,HS,(NH,)2S, (NH,),8„ (NH,),S„ (NH,) 

Sj , none of these exists m the gaseous 
state , the first and second, which have been moie 
studied than the others, are dissociated by heat, 
into NHj-f-HjS, and 2NHa + H^S, respectively 
All the ammonium sulphides are soluble in water, 
they very easily undergo change at ordinary tern 
peratures, usually giving off NH„ and H S which 
18 often partly decomposed with piecipitation of 
S They are all decomposed by dilute acids 
with precipitation of white amorphous S, evolu 
tion of and formation of an ammonium salt 
of the reacting acid These sulphides act as 
salt forming or basic compounds towards such 
acidic sulphides as As^Sj, As S^, 8b Sg &c (v 
infra also Akspnic, and Antimony, thio acids) 
According to Berzelius any one of the ammo 
mum sulphides, except (NHJ^S,, can be pre 
pared by gently heating the coi responding sul 
phide of potassium with sal ammoniac, in every 
case except that of K the NH,C1 must be in 
excess, else part of the ammonium sulphide 
formed is decomposed with production of S (NH, 
and H) which combines with the potassium sul 
phide to form Kj8g Little or nothing is known 
of the physical constants of these compounds , 
the following thermal data are given, but, by 
reason of the instability of the sulphides and 
the indirect methods by which the numbers have 
been obtained, they must be accepted with cau 
tion — 


H F of solids from gaseous N and H, and solid 8 

(NHdo 8, = 69,000 u 4. ^ r> coi 

(NhJj 84 = 69,600 J (Sabatier, C B 91, 53) 

(NHjj 8^ = 69,400 (Sabatier, A Ch [5] 22, 73) 


The tetra and penta sulphide dissolve in 
water with absorption of about 8,000 gram units 
of heat per formula weight of the sulphide 

The sulphides of ammonmm have been 
studied chiefly by Fritzsche {J pr 24, 460, 
32, 313) 

Preparation —NH^HS is prepared by the 
reaction of equal volumes of NH, and HL^S at the 
ordinary temperature, or at temperatures not 
lo^^ er than — 10° An aqueous solution of NH^HS 
18 obtained by saturatmg NH,Aq with H^S in 
absence of air 

(NH4)2S is prepared by cooling a mixture of 
2 vols NH, and 1 vol H 8 to — 18° , or by dis- 
tilling K^S with excess of NH4CI and cooling the 
distillate to -18° 

(NHJjS, IS obtained by passing vapdur of S 
irad of NH4CI through a hot porcela^m tube and 


then into a well cooled receiver An aqueout 
solution may be prepaied by dissolving S m 
(NH4)^S Aq in the propo) tion (NHJ^S 8 

(NH4)2S5 when NH,HSAq {v supra) is di- 
gested with 8, the solution saturated with NH„ 
and then with H^S, more 8 added, and saturation 
with NH, and then with Li S repeated, the whole 
liquid sets to a crystalline mass , if this is heated 
to 40°-60° a clear liquid is produced from which, 
on gradual coohng, large crystals of (NH4)^8, 
separate out 

(NH4)^S, if the mother liquor from the 
crystals of is surrounded by a freezing 

mixture, and treated first with NH, and then 
with H^S a crystalline magma is formed , on 
warming a clear liquid is produced from which' 
crystals of (NHJ 8, are deposited 

(NHJ2S7 18 obtained by the gradual decom-^ 
position of (NH4) 8, m dry, slightly warm, air, 
it is also formed when a solution of (NHJ 8^ m 
its mother liquor (v supra) is placed under a 
large bell jar for some time 

Properties and Reactions — NH,SH hard, 

white, plates or needles , very soluble in watti, 
and easily volatilised V D at 60° 12 8, which 
corresponds with equal vols of H 8 and NH, 
(Deville a Troost, C R 60, 891) Aqueous solu- 
tion 18 colourless, but soon changes in air from 
absorption of 0, which decomposes a p-'rt of 
the NH4HS with formation ot H 0, NH^, and 8 , 
some of the 8 acts on the remaining NH^HS to 
form (NHJjS , another part of the 8 is oxidised 
to H^S Os, and a portion of it is usually de 
posited This process proceeds if exposure to 
air is prolonged, the (NH,) S is slowly decom 
posed until finally a solution of (NHJ^Spa 
NH Aq, mixed with solid 8, is the result 
NHjHSAq reacts with most metallic salts m 
solution to form sulphides of the metals , it also 
reacts with acidic metallic sulphides to form 
ammonium thio salts, with evolution of H^S, 
eg As 8, + 2NH,8HAq = 2NH4As82Aq -j- H,S 
(v Aeslnic, thio acids of) 

(NHJ28 white, lustrou8,cry8tals , easilysoluble 
m water, forming a colourless liquid which easily 
decomposes with evolution of NH, and formation 
of NH^HS V D 18 2 (calculated for 2 vols 
NHg + 1 vol H28 = 17 0) (Deville a Troost, 
C B 66, 891) Reacts as a strongly marked 
base towards acidic sulphides to form ammonium 
thio salts 

(NH4)284 sulphur yellow crystals, easily 

soluble in water and alcohol Stable only m an 
atmosphere saturated with NH, and H28 , easily 
decomposed in air with evolution of NH, and 
H28 A saturated aqueous solution is fairly 
stable , more dilute solutions, and solutions m 
alcohol, soon precipitate S When heated, 
NH4HS and 8 are formed 

(NHJgS, orange red prismatic crystals, 

easily soluble in water and alcohol These 

solutions are very unstable, decomposing into 
(NH4)2S2, S, HjS, and NH,, and after some time 
also (NH^)2S40, In dry air the crystals give off 
NH, and NH4HS and are changed mto (NH4)2S,. 

(NHJ287 ruby red crystals, much more 

stable than any of the lower sulphides , decom- 
posed at about 800° , soluble in water forming a 
fairly stable liquid which is only slowly deoom* 
posed by HClAq 

The liquid known as fumang hqwrrvf BoyUf 
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pr volatile liver of sulphur ^ chiefly <sonsistii of % 
mixture of yarioue ammonium poly sulphides , 
obtained by distilling a mixture of 1 part S 
2 parts NH^Cl, and 3 parts CaO It is a dark 
yellow, strongly smelling, and strongly fuming, 
liquid It dissolves sulphur and then no longer 
fumes m air 

Ammoma reacts with many metallic salts 
to form compounds, several of which behave as 
if they were derivatives of ammonium chloride, 
sulphate, Ac , rather than double compounds of 
ammonia with the metallic salts in question 
Thus NH, and PtClj form the crystalline com 
pound PtClj 4NH, , by the action of H. SO^ ort 
this, HCl IS evolved, and there is produced 
PtS04 4NH, , decomposed by Ba(OH)^Aq this 
compound yields Pt(OH)^ 4NH3, which loses H^O 
when heated, with production of PtO 4NH, The 
compound Pt(OH)^ 4NH3 is a markedly alkaline 
body, resembling NaOH or KOH , it neutral 
ises 2 equivalents of a monobasic acid The 
compounds PtCl 4NHj, PtSO^ 4NH3, and 
Pt(OH) 4NH5, can scarcely be regarded as double 
compounds of ammonia and platinum salts , 
their reactions are better suggested by supposing 
them to be derivatives of ammonium compounds, 
obtained by replacing part of the hydrogen by 
platinum The name pi atm am monium has 
been given to the hypothetical radicle 



The chloride of this radicle would be N^H^PtCl^ , 
if two hydrogen atoms m the group N H^Pt are 
supposed to be replaced by two ammonium 
gioups (NHJ we get the hypothetical radicle am 
nionium platinammonium NJEl4(NH4) Pt 
The compounds PtCl^ 4NH3, PtSO^ 4NH„ 
and Pt(OH) 4NH3 may be regarded as com 
pounds of this radicle , thus N H4(NH4)2Pt Cl^, 
N2H4(NH4) Pt SO4, N2H4(NH4)2Pt (0H)2 

Compounds are obtained by the action of 
NHgAq on Hg Ch and HgCl , respectively, which 
have the composition Hg^NH Cl and HgNH^Cl , 
these riact as deiivatives of NH^Cl in which 
is replaced by Hg^ and by Hg, respectively The 
name mercuro ammonium is sometimes 
gi\en to the hypothetical radicle NH^Hg^, and 
the namemercuri ammonium to the hypo 
thetical radicle Nil Hg 

A great many bodies are known the reactions 
and relations of which can be gathered together 
into one point of view by considering them as 
compounds of various hypothetical radicles de 
rived from NH^, N Hg, NgHjj, &c , by replace 
ment of part of the hydrogen by various metals 
These compounds will be described under the 
headings of the various metals {v more par 
ticularly the chkom ammonium , cobalt-ammonium , 

COPPER AMMONIUM-, MEROURV-AMMONIUM , and PLA 
TiNUM AMMONIUM-, COMPOUNDS , ID the articles 
Chromium, Cobalt, Copper, Mercubv, and Pla 
TINUM respectively) 

Ammonium salts, le denvatives of acids 
obtained by replacing H by the group NH^, 
aie described under the various headings 

CARBONATES, NITRATES, SULPHATES, &C The 

principal salts are the following — Anti 
monate , arsenate^ arsenite, borate, bromate, 
dc , carbamate, carbonates, chlorates, chlorite, 
dc,, chromates, cyanates, cyanide, iodate,per 


lodate, dc,, molybdates, nhiate, nitrite, dc * 
phosphates , selenite, dc , silicates , sulphamate, 
dc , sulphates, sulphites, dc , tantalate , tcllu 
rates , thioarsenates, thiocyanates, thiosulphates, 
dc For an account of tile general properties of 
these salts v beginning of present article 

M M P M 

AMOXY- Contraction for amyl derivative 
of OXY 

AMYDECYLENIC ACID v Decenoio acid 

AMYGDALrc ACID or 

F ormed by boiling amygdalm with baryta Deli 
quescent crystalline mass, insol alcohol, and 
ether By boiling with H SO^ and MnO it 
yields formic acid, COj, and benzoic aldehyde 
(Liebig a Wdhler, A 22, 11, fib, 240, Schill, 4 
154, 348) 

Acetyl derivatives CjoHaAo^^u 
C2oH„Ac,0,3 (S ) 

AMYODALIN C,,H2,NO„3aq [200*^, after 
solidifying it melts at 125^-130° (Wohler, A 41, 
165) Mol w 611 8 8 5 at 12° [a] « 35 5° 

Occurrence — In bitter almonds (Bobiquet a 
Boutron, A Ch [2] 44, 352) , to a small extent 
m sweet almonds, in laurel leaves {Ceiasus 
lauro cerasus) , in the leaves, blossoms, and 
birk of the birdcherry {Pi unus padus) , in young 
shoots of the apple tree , and in the kernels of 
apples, peais, and peaches (Iliegel, A 48, dbl , 
Wicke, A 79, 79 , 81, 241 , Lehmann, N R P 
23, 449) 

P) eparation — The almond cake from which 
the fatty oil of almonds has been removed by 
pressure is extracted with boiling aleohol , the 
filtrate is concentrated and the amygdalm ppd 
by etlier 

Properties — White pearly scales or thin 
prisms (fiom water) Insol ether 

Reactions — 1 Under the influence of emul 
sm or of boiling dilute H SO* it is split up 
into benzoic aldeh}de, prussic acid, and glucose 
(Liebig a Wohler, A 22, 17) 

C„H NO„ + 2H 0 = C,H,0 + CNH + 2C,H,20e~^ 
2 KMnO* forms cyanic and benzoic acids — 
I 3 Potash or baryta form amygdalic acid — 4 
Cone HCl gives mandelic acid, glucose, and 
NH, — 5 PCl^ gives C>C1 and benzylidene 
chloride — G Zn and dilute hydrochloric acid 
give C H, OR, CH2 NH2 (Fileti, B 12, 297) 

Acetyl derivative C^oHjoAc^NO,, Long 
needles (fiom alcohol) , msol water (Schi£F, A* 
154, 338) 

Amorphous amygdalm has been desenbed 
bj Winckler {B J 20, 428), Neumann {B J 23, 
603),bimon {A 31, 263), andLehmann (Zoc cit) 

AMYL C H,, Pentyl A monovalent basyl» 
ous radicle which can occur m eight forma 
n amyl, CH, CH2 CH CH CH2 , 

ISO butyl-carbmyl (CH,)2CH CH2 CHj , 

sec butyl carbinyl, (CH3)CH(C3Hj) CH2 , 

tert butyl carbinyl (CH,)3C CH, , 

methyl n propyl carbinyl, CHj CH, CH20(0H3)H, 

methyl isopropyl carbinyl, (CH,)2CH C(CE[3)H, 

di ethyl carbinyl (C^HJ^CH , 

and di methyl ethyl carbmyl (CH,),(02H4)0 

Ordinary amyl alcohol is a mixture of wo-butyl- 

carbinol and sec butyl carbinol, and it is from 

this mixture that most of the amyl compounds 

have been prepared The term ‘iso amyl* com 

pounds will, for the sake of brevity, be used in 

this dictionary to denote the mixture of amyj 
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oompoands prepared from this sonroe Inasmaoh 
AS the proportion of the two constituents of 
•isoamyl* alcohol varies with its source, *iso 
amyl ’ compounds pregared by different chemists 
can hardly be expend to possess identical 
physical characters Amyl derivatives of hy 
droxylio carbon compounds are described under 
the compounds of which they are the ethers 
Di-amyl (CjH,,)2 or v Decajje 

AKTL-ACE^LENE v Heptinene 
AMYL ALDEHYDE v V>ileiuc aldehyde 
AMYL ACETATES C,H, 40,. Pentyl acetates 
Mol w 130 

Preparation, — Similar to that of eth^l 
acetate, p 14 

n Amyl acetate (147 6®) (Gartenmeister, 
A 238, 260), (148 4°) at 737 mm (Lieben a 
Kossi, A 159, 74) S G g 8948 , |g 8774 (G ) 
CE (0°-10°) 00106 (G) SV 173 8 (G) 
Prepared from n amyl iodide and silver acetate 
Iso-amyl acetate (137 6°) at 745 mm 
(138 9°) (R Schiff, A 220, 110) S G V 8762 
(MendeJ^eff, / 1800, 7), 8561 (Bruhl) 

1 4088 (B ) Rod 59 7 (B ) S V 174 6 (S ) 
ils largely used as a flavouring agent to mutate 
jaigonelle pears 

Methyl-piopyl-oarbinyl acetate (133°-135°) 
(\\^urtz, A 148, 132) , (134® 137°) (Schorlem 
mer, A 161, 269) S G ^ 922 (W ) 

Methyl -isopropyl -carbmyl acetate (125°) 
(Wurtz, A 129,307) 

Di-ethyl-carbinyl acetate (132°) at 741mm 
S G 2 909 (Wagner a Saytzeff, A 175, 300) 
Tert-amyl acetate (124°) at 750 mn 
S G 2 891 (Flawitzky, A 179, 348) Decom 
posed by heat into amylene and acetic acid 
(Menschutkm, C R 95, 048) 

AMYL ALCOHOLS C.H.jO Mol w 88 
Theory indicates 8 amyl alcohols (v Am\l), viz 
4 primary, 3 secondary, and 1 teitiary One of 
these, tert butyl carbinol, is unknown 

nAmyl alcohol CH3 CH2.CH2 CH^ CH^ OH 
(137°) at 740 mm (Lieben a Rossi, C B 71, 
370) , (137 9° 1 V ) (Zander, A 224, 81) 
BG g 8282 (Z) CE (0^-10°) 00091 (Z ) 
BY 123 4 (Z ) 

Occurrence — In fusel oil (Wyschnegradsky, 
A 190, 85d) 

Formation — 1 From n valeric aldehyde and 
sodium amalgam (L a. R ) —2 From n amyl 
ohlonde (Schorlemmer, A 161, 268) 

Inactive amyl alcohol 

<CH,)jCH CH2.CH2OH (130 5°-131 2°) (Lacho 
wicz, A 220, 171), (1315° cor) (Perkin) 

B G 8135 , 8078 (P ) M M 6 969 at 

18 6° (P ) Fusel oil is a mixture of active and 
inactive amyl alcohol , they can be more or 
less separated either by passing HCl into the 
boilmg alcohol, when the mactive alcohol is 
converted mto amyl chloride more readily than 
its isomende (Le Bel,C B 77, 1021) , or by means 
of the banum salts of the two amyl sulphurio 
acids, 0^.,S04H, the active salt being the 
more soluble m water (Pasteur, 0 R 41, 296) 
The simplest way to obtain an inactive amyl 
alcohol IS carefully to fractionate fusel oil (L ) 
The same alcohol can be prepared from iso 
butyl alcohol by convertmg it first into valeric 
acid (Balbiano, Q 6, 229) 

Iso«amyl aloobo^ 

A jaaiiture ol (C^)jCH CHj CH^OH and 


(CH,)CH(C^4) CH„0H. Fermmtat'^on amyl 
alcohol Fusel oil [0 —134°] (Olszewski, 
M 6, 128) (130 6°-131°) (R Schiff, A 220, 

102) S G V 8104 (Brdhl, A 203, 23) S H 
679 (Diaoonoff, Bl [2] 38, 172) Latent heat 
of vaporisaLum 123 8 (D ) 8 2 6 at 16° 
H F p 74,890 (Thomsen) H F v 71,700 (T ) 

1 4124 Boo 43 08 S V 122 7 (S ) Cmticiil 
temperature 307° (Pawlewski, B 16, 2634) 

Occurrence —Formed in small quantity in 
the alcoholic fermentation of saccharine liquids. 
Isoamyl angelate and isoamyl tiglate occur in 
Roman oil of chamomile (Kobig, A 195 99) 
Properties — Poisonous liquid wiih powerful 
odour Its detection in alcohol is described on 
p 96 It burns with smoky flame 

Decomposition — 1 Its vapour led through a 
red hot tube produces acetylene, ethylene, propy 
lene, and butylene (Wurtz, A 104, 2<2) — 2 
S Clo gives amyl ohlonde and amyl sulphite 
(Carius a Fries, A 109, 1 ) — 3 PCI, and PCI, 
form amyl chloride — 4 Potash lime at 220° 
gives hydrogen and potassio valerate — 5 ZnCl, 
produces amylene {q v ) Hot H SO^ and P^O, 
act similarly — 6 Poured upon bleaching powder ^ 
it reacts in less than an hour , the distillate 
decomposes wii,h evolution of Cl^ and HCl, and 
then contains amyl alcohol, valeric aldehyde, 
and amyl valerate (Goldberg, J pr [2] 24, 110) 
Compounds — (C,H,P) SnCl^ Deliquescent 
crystalline plates, decomposed by water (Bauer 
a Klein, A 147, 249) —C,H,p,SbCl, -Crystal 
line -(C,H, 0),CaCl2 (Hemdl, M 2, 209) 

Sodic amylate^ C,H,,Na0,2C,H,20 (Froh 
lich, A 202, 295) At 165° it combines with 
CO forming sodio isovalerate and the sodium 
salt of an acid CjoHjgO^ CO passed over a mix 
ture of NaOCjH,, and NaOAc at ''80° produces 
sodic formate and the sodium salts of a variety 
of acids, the principal being iso heptoic acid 
{q V ) formed by substitution of H of acetic acid 
by C5H,, Another pioduct is oxy vinyl heptoio 
oroxy ennenoic acid (q v) An acid crystallising 
in needles C,,H,804 [139°] is also foimed , its 
empirical formula is that of di acetyl heptoio 
acid (Poetsch, A 218, 56) 

Potassium amylate CjHjjOK White 
silky crystals (de Forcrand, C B 104, 68) 
Thallium amylate C,H,,OTl SG 25 
An oil obtained by heating thalhum ethylate 
with amyl alcohol 

AZttm^nlwm amt/Zafe Al(OC,H,,)s [70°] 

S G i 9804 Formed by action of idl, and 
iodine (Gladstone a Tribe, 0 J 89, 7, v 
Aluminium Iodide, p 148) 

Active amyl alcohol CEtMeH CH2OH (128°) 
(Pedler, A 147, 243) , (127°-128°) (Just, A 220, 
149) tti, -2 3° (J ), — 4 4° (Le Bel , Pierre a 
Puchot) 

Occurrence — In fermentation amyl alcohol, 
which 18 thus rendered more or less laBvorotatory 
Preparation, — Desenbed under mactive amj 1 
alcohol 

Properties — In a sample for which a was 
only —1 14° Perkin (C J 45,470) found 8 O 
J? 8160 , §1 8091 , and M M 6 94 at 20° A rota 
tion of more than 4 4° to the left (in a tube 100 
mm long) has been observed by Ley ( — 11 6°j, 
and by Pedler ( — 8 6°) 

Reactions — 1. A dilute solution mixed with 
yeast, x cnicilUum glamcwn^ and a htUe H^80« 
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beoomei deztroroiatorj Th« new deztro> 
rotatory amyl alcohol forms a hevorotatory 
iodide (Le Bel, J92 81, 104) —2 On oxxdatunx it 
yields a dextrorotatory valeric acid, boiling at 
170'’ (Pedler) — 8 Hot NaOH renders it inactive 
—Pasteur, (7 JR 41, 296, A 96, 
266 , Popoff, B 6, 6()0 , Ley, B 6, 1362 , Erlen 
meyer a Hell, A 160, 257 , Pierre a Puchot, 
C R 76, 1832, Bakhoven, J pr [2j 8, 272, 
Le Bel, B 6, 70 , 9, 358, 732 , C R 82, 662 . 
Bl 26, 646 , Pedler, A 147, 243 , Chapman a 
Smith, Pr 17, 308 

Methyl-n-propyl-carbmol Pr CMeH OH 
(119'’) SG 2 824 S 13 7 

Formation — 1 From its iodide — 2 By re- 
*,dacing raethvl propyl ketone with sodium 
amalgam (Belohoubek, B 9, 924) So prepared 
^t 18 inactive, but if it be dissolved in 20 pts 
water and pemcilli^m glaticum be introduced, it 
becomes Ice vorotatory (a —6 5°) (LeBel.C R 89, 
312) — 3 From acetyl chloride and zinc propyl 
(Markownikoff, Bl [2] 41, 259) 

Reactions — 1 Oxidation gives methyl propyl 
ketone — 2 Gives the iodoform reaction 

Methyl-isopropyl-carbinol Pr CMeH OH 
(113°) SG 2 833 (Wischnegradsky,^ 190,338) 
Formation — 1 Fiom methyl isopropyl ke 
tone with sodium amalgam (Munch, A 180, 
839) —2 By adding ^^ater to the pioduct of the 
action of zinc methide on bromo acetyl bromide 
(Winogiadoff, A 191, 125), or chloro acetyl 
chloude (Bogomoletz, -i 209,86, Bl [2] 34,3301 
Reactions — 1 Cone H^SO^ forms tri methyl- 
ethylene, Me^C CMeH, which may bo conveited 
by warm cone HI into the iodide of tertiaiy 
amyl alcohol — 2 Oxidation gives methyl iso 
piopyl ketone, acetone, acetic acid, and CO^— - 
8 PClj forms a chloride (87°) 

Di-ethyl carbinol Et,CH OH (117°) S G 2 
832 Formed by adding water to the product of 
the action of zinc ethide on ethyl formate 
(Wagner a Saytzeff, A 175, 351) The first 
reaction may be written HCOOLt + 2ZnEt =» 
HCEt(OZnEt)Et + ZnEt(OEt) Water then dis 
places OZnEt by OH It gives di ethyl ketone 
on oxidation 

Tertiary amyl alcohol Et CMe^ OH 
Di methyl ethyl cai binol Amylcne hydrate 
[-12°] (102° cor) (Perkin, G J 45, 471) 

SQ 8144 , p 8070 (P ) M M 6 99 at 
19° HFp 84,510 HFv 81,820 (T/i) 
B V 121 8 (R Schiff, A 220, 102) 

Formation — 1 From tertiary amyl iodide 
(? V ) — 2 From zinc methide and propionyl 
chloride (Popoff, A 146, 292 , Jermolajeff, 
1871, 275 , Wyschnegradsky, A 190, 836) 

Prepaiation — Amylene (1 vol ), prepared 
from ordinary amyl alcohol, is shaken with an 
ice cold xmzture of water (1 vol ) and H^S04 
(1 vol ) 

Reactions — 1 On oxidation it gives rise to 
acetone and acetic acid —2 When introduced 
into the stomach (of a rabbit) it is excreted as a 
glyouronate, C,,H^O„ which is split up by acids 
into the alcohol and glycuronic acid (Thierfelder 
a. Menng, H 9, 616) — 8 Slowly decomposed 
by hsaA at 220° mto HjO and amylene , this de- 
composition does not take place unless traces 
of ^C1 or HI ate present (wolkoff a. Bougaieff, 
R, 1885 , 276 ) 


AMrLAMIKES 

Normal Amylamine 
CH, CH^CH, CH, CH, NH, (103°) 

Formation — From the amide of normal hexoio 
acid by the action of broiibne and potash (Hof 
mann, B 15, 770) A mixture of 1 mol pio 
poition amide and 1 mol bromine is run into 
excess of 10 p o solution of potash at 60° 

Auylamines fkom Amyl Alcohol or Feb 

MENTATION — 

Ordmary Amylamine 

(CH3), CH CHj CH NH, (96°-96°) S G Bl 7603 
S V 126 84 (Schiff) 

Foi'nialion — 1 Amyl cyanate or cyanurate 
with potash (Wurtz, A Ch [3] 30, 447 , Brazier 
and Gossleth, A 75, 252) — 2 Dry distillation of 
animal substances (Anderson, A 105, 835) — 
3 Dry distillation of leucine (Schwanert, A 102, 
225) -4 Amylsulphate of potassium with alco 
holic ammonia at 250° (Berthelot, A 87, 372) — 
5 Distillation of horn with aqueous potash 
(Limpricht, A 101, 296) — 6 Caustic potash on 
flannel (Gr Williams, Chem Qaz , 1858, 310) — 
7 Amide of isohexoio acid (isobutylacetamide) 
with bromine and aqueous potash (Hofmann, B 
15, 770) —8 In the decomposition of yeast 
(Muller, J 1857, 403) 

Preparation — Amyl bromide is heated to 
100° with alcoholic ammonia in large excess, 
the alcohol evaporated and the residual hydio 
bromides decomposed with potash The oily 
layer which consists of mono , di , and soi 10 
tri , amylamine, is dried with caustic baryta and 
fractionated Or, potassium amyl sulphate is 
distilled with potassium cyanate , the resulting 
amyl cyanate and cyanurate distilled with 
stiong potash , the distillate neutralised with 
hjdric chloride, evapoiated and crystallised, 
and the amylamine obtained by distilling the 
hydrochloride with lime (Wurtz, Silva, Bl [2] 
8, 363) 

Properties — Colourless liquid, miscible with 
water and alcohol 

Reactions — 1 Oxidised by chromic acid to* 
isovaleric acid (Chapman a Thorpe, A 142 
177) —2 With CICO Et yields ethyl amyl cp#:- 
bamate, CjHijNHCOjEt (amyluiethan^ (Custer, 
B 12, 1329) 

Salts —B'HCl scales, sol alcohol — 
B'jHjPtCla scales , sol hot water, insoL aloohoL 
— Auroohloride scales 

Combination — With carbonic disulphide it 
forms C’'H"N S (2C H‘»N + CS ) white shining 
scales, insol water and ether, sol alcohol 
(Hofmann, C J 13, 60) 

Active Amylamine — The amylaminea ob- 
tained from active amyl alcohol, probably 
(CiHj)(CH3)CH CH OH (Erlenmeyor , v Amyl 
ALCOHOLS, Sauer, B 8, 1037), are optically active, 
and their salts are much more difficult to crys 
tallise than are those of the corresponding 
inactive compounds (Plimpton, 0 J 39, 332) 
Amylamine from alcohol rotating 4° for 10 cm 
rotated 8° 80' to the left , (96°-97°) , S G 2 
7725 —By drochlortde deliquescent, feebly 
dextrogyrate — Platino-chloride scales, sol 
hot water S 2 4 atl4° — A«rocAfortda sol 
alcohol , separates on slow evaporation in 
lozenge shaped crystals with the acat# angles 
truncated 
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Inaotlve Amylamlne from inactive amyl 
chloride (9G°-97^) SG^ 7678, 7601 

—Hydrochloride crystalhses well — Pla- 
tinochloride S 1 7. at 14^ Bcales— 4ttro 
chloride sol alcohol , lozenge shaped crystals 
with one acute angle truncated 

Diamylamine (186°-187°) 

8 G 2 7826 (Silva) 

Formation — 1 From ord amylamine and 
ord amyl bromide (Hofmann, 4 79, 21) — 2 From 
amyl cyanide and potash (Silva, Z 1867, 457) 
8 From amyl bromide and alcoholic ammonia 
(Custer, B 12, 1529 , Plimpton, G J 39, 352 , 
Bell, B 10, 1867) — 4 From amyl chloride and 
aqueous NH, at 140°-165^ (Mallot, C R 104, 
998) — 6 From the nitroso compound (Custer, 
B 12, 1333) 

Properties —Oily liquid , si sol water Be 
acts with 01 CO^t yielding diamyiurethane 
(Custer) 

Salts — B'HCl laminas , crystallises well 
from hot water — (B'HCl) ^PtCl^ sol alcohol, si 
sol water Auro chloride sol alcohol, insol 

Active Di-amylamine (182°-184°) S G ® 
7878 From active amyl bromide {V active 
amylamine) (Plimpton, loc cit ) Dextrorotatory 
(6° 15' for 10 cm ) 

Hydrochloride soluble in water, alcohol, 
and ether Much more soluble in cold water 
than the inactive salt Solution rotates to the 
right Platinochloride sol alcohol, insol 
water Crystallises from dilute alcohol in 
octahedrons Aurochloride insol water, 
sol alcohol 

Inactive Di - amylamine (186®-187°) 
SG J 7878, 7776 irom inactive amyl 

chlonde (Plimpton) 

Hydrochloride laminae , rotates when 
thrown on the surface of water Insol ether — 
Platinochloride sol alcohol, insol water 
Crystallises easily from dilute alcohol in 
rectangulai prisms 

Triamylamine (CH,,) 3 N (237°) From 

diamylamine and amyl bromide or from amyl 
bromide and ammonia (Hofmann, A 79, 22) 
Amyl cyqnate and potash (Silva, Z 1867, 458) 
Oily liquid, insol water 

Salts — B'HCl crystalline mass with 
lustre of mother of pearl Platinochloride 
rhombic prisms , insol water, sol alcohol 

Active Triamylamine (250 237°) 
S G 7964 Prepared from active amyl 
bromide (3°) and active diamylamine (5° 16') 
Botates 44° 16' to the right for 10 cm (PUmpton, 
loc cit) 

Hydrochloride syrup which solidifies 
over sulphuric acid Solution strongly dextro 
gyrate 

Aurochloride needles , insol water, sol 
alcohol 

Inactive Triamylamine (237°) S G ^ 788 
From inactive amyl chlonde and ammonia 

Hydrochloride crystallises from water 
in prismatic needles, from ether in pearly 
scales — Aurochloride needles, sol alcohol 
Inactive triamylamine may be separated from 
inactive diamylamme by treating the hydro- 
ohlondes anth ether which dissolves the triamyi 
amme salt 


Tetramylammonium Salts 

Iodide (CjHuhNI From ordinary amyl 
iodide and triamylamine or amyl iodide and 
ammonia (Hofmann, C J 4^ 816) The mixture 
of triamylamine and amyl iodide is boiled and 
after three or four days solidifies on cooling 
into an unctuous crystalline mass Monoclinio 
laminae (Lang, J 1807, 491) Dissolves 

sparingly in water forming an extremely bitter 
solution from which it is ppd in a crystalline 
form by alkalis Boiled with silver oxide it 
yields a very bitter alkaline solution of 
Tetramylammonium hydroxide On 
mixing the liquid with potash or on concentra 
ting, the hydroxide separates as an oily layei, 
which gradually solidifies By evapoiating a. 
solution ot the hydroxide m an atmosphere free 
fiom carbonic acid, crystals containing several 
molecules of water are obtained When heated 
these crystals melt and give off water, tri 
amylamine, and a hydrocarbon which is pro 
bably aniylene 

(C H,,)^NC1 laminae with palm like ramifi 
cations — ((CalljJ^NCl) PtCl 4 orange yellow 
needles —Sulphate long capillary threads — 
Nitrate needles — Oxalate large deli- 
quescent plates 

Amylamine Corresponding to methyl pro 
pyl carbinol (CH,)(C 3 H,)CHNH, (89 •'-91°) 
By reduction of methyl propyl ketone phenyl 
hydia/ide in alcoholic solution with sodium 
amalgam and acetic acid (Pafcl, B 19, 1924) 
Mobile liquid, smelling strongly ammoniacal, 
miscible with water, alcohol, and ether 

Hy drochlo ride silky needles — 
Platinochloride yellow needles , sol water 
and hot alcohol, less so in cold alcohol — 
Oxalate crystallises from hot alcohol in scales 

Tertiary amylamine (CH,) (C^H 5 )CNH^ 
(77 5°-78°) S G ^ 7611 , 7475 Formeily 

considered to be (CH 3 ),CH( 0 H 8 )CHNH 2 on 
account of its formation from the cyanate 
corresponding to Wurtz’s amylene hydriodide 
and amylene hydrate, then regarded as iso- 
propyl methyl carbinol, and now shown to be di- 
methyl ethyl carbinol (Flavitzky, A 179, 340) 

Foimatwn — 1 From pseudoamylurea and 
strong potash (Wurtz, Bl [2J 7, 145) —2 By 
the action of dimethyl ethyl carbinol iodide on 
the cyanides of potassium and mercury, and 
treatment of the nitrile so obtained with hydrio 
chloride (Wyschnegradsky, A 174, 60) — 3 By 
treating the product of the action of the same 
iodide upon silver cyanate with strong hydrio 
chloride (Rudnew) 

Properties — Odour ammoniacal , pps copper 
salts but does not redissolve the ppd cupric 
hydrate 

Hydrochloride efflorescent scales, or 
octahedrons, from alcohol and ether — 
Platinochloride fine crystals derived from 
a monoclmio prism, easily soluble water and 
alcohol. — Aurochloride large yellow 
crystals, monochnio 

Reactions — With bromine it forms brom- 
amyl amine CjHijBrN which can be distilled with 
steam (Wurtz) RTF 

AMYL-ANILIKE 0„H„N OANHC^H,,. 
(268°) Mol w 163 From aniline and isoam} I 
bromide (Hofmann, 0 / 8, 297) Smells, when 
cold, Uke roses When its hydroohlondc is 



i;SO-AMYL CARBAMIO ETHER. 


20^ 


heated at 320® it changes to the hydrochloride 
of amido phenyl-pentane, CsH,, NH, (Hof- 
mann, B 7, 629) 

Isoamyl-anilme CeHsNHCftH,, (243°) at 
720 mm Colourless oil V sol alcohol, ether, 
and benzene, msol water Is a by product of 
the action of isovaleric aldehyde and HCl upon 
aniline Salts— B'HCl colourless prisms v sol 
water The nitrate and oxalate are sparingly 
soluble The picrate is a reddish yellow oil 
Acetyl derivative N(C3H,,)Ao, 

(278°) at 720 mm , colourless fluid, v sol alcohol 
and ether , msol water 

?7ttrosamine CgHs N(C5 H,j)NO oil, vola 
tile with steam , v sol alcohol and ether, msol 
water (Spady, B 18, 3376) 

Di - isoamyl - aniline CgH^N(C H,,)2 
(876°-280°) (Hofmann, A 74, 156) — B' H^PtClg 
Iso - AMYL - AnTHEACENE i e 

I [59°] From amyl 

\CH / 

hydro anthranol by boikng alcoholic HCl 

Preparation — Anthraquinone (30 g ), zinc 
dust (100 g ) NaOH (50 g ), water (450 g ) are 
boilea together for 6 hours and then amyl 
bromide is added The liquid is poured off, and 
the pp dissolved m alcohol, reppd by water, 
and boiled with alcoholic HCl (Liebermann, 
A 212, 104 , B 14, 796) 

Properties — Long sea green needles with blue 
fluorescence (from alcohol) Cone H SO^ gives a 
green solution V sol benzene, CS , chloroform, 
or benzoline Picrate forms red needles 
[115°], CrOs m HOAc gives am^l oxanthranol 
B. hr omo compound 

[76°] Picrate [110“] 

Forms also a corresponding c TiZoro art na- 
tive [71°] Picrate [108°] 

Iso Amyl-anthracene-di-hydride 

C..H„ tc (3600), 

(292°) at 570 mm S G yf 1 031 Prepared by 
reduction of amyl oxanthranol with P and HI 
(Liebeimann, B 14, 457, 15, 1000, A 212, 79) 
Clear fluorescent liquid Miscible with alcohol, 
ether, benzene, and acetic acid m all proportions 
On oxidation with HNOj anthraquinone is 
formed 

Iso AMYL ARSENATE (C,Hi,),AsO, (Crafts, 
Bl 14, 101) 

Iso AMYL ARSENITE (C,H„)3AsO, (288°) 
(Crafts, Bl 14, 105) 

n AMYL-BENZENE Phenyl pentane C,,H,g 
%e Ph CH^ CH, CH2 CH^ CH3 Mol w 148 
(201° unoor ) at 743 mm S G 8602 From 
benzyl bromide, n butyl bromide, and sodium 
(Schramm, A 218, 388) Pleasant smelling oil 
Reaction — Bromine vapour at 150° gives 
-Ph CHBr CH, CHj CHj CHg (*?) which on 
distillation gives Ph CH CH GHj CHj CH, 
(210°-215°) which combines with Brj forming 
Ph CHBr CHBr CHj CH CH, [54°] 

iBoamyl-benzene (193°) at 73b mm S G 
859 From bromo benzene, isoamyl bromide, 
and Na (Fittig a ToUens, A 129, 369 , 131, 
313 , Bigot a Fittig, A 141, 160 , Schramm, 
A 218, 390) Also from isoamyl chloride, ben 
zene, and AlCl, (Fnedel a. Crafts, A Ch, [6] 
1, 464) 

\ot I 


Reaction — Bromine wiponr at 150° gives 
*Ph CHBr CH2.CH(CH,) (?) which on distillation 
gives HBr and Ph CH CH CH(CH,)2, phenyl- 
isoamylene, which forms a dibromide [129°] 
Di-ethyl oarbinyl-benzene Ph CHEt,. (178°) 
S G 311 873 

Formation — 1 From benzylidene chlonde 
and zmo ethide (Lippmann a Luginin, Z 
1867, 674) — 2 From benzo trichloride, Ph CC1„ 
and zmo ethide (Dafert, M 4, 153, 616) 

Te^i-amyl-benzene Ph CMe Et (0 187°) 

S G 2 874 From tert amyl chloride, benzenOi 
and AlCl, (Essner, Bl [2] 36, 212) 

Di isoamyl-benzene Cj^H , t e (C5H,,),CflH4 
(c 265°) S G 2 887 From benzene, isoamyl 
chloride, and \1C1, (Austin, Bl [2] 32, 12) 

AMYL BENZENE SULPflONIC ACIDS 
C„H„S03 I e CjH,, C,H,SO,H 

Isoamyl benzene sulphouic acid Deliques 
cent crystalline mass (bittig a Tollens, A 
131, 315) Salts — KA' aq — BaA'j hair like 
needles 

Di ethyl-carbinyl-benzene snlphonic acid 
CHLt C«H, SO3H Salts— BaA'^l^aq pearly 
leaflets, si sol water and alcohol (Dafert, M 
4, 617) 

p Iso AMYL-BENZOIC ACID CisH^Oj t e 
CJI,{C,H„) CO,H [14] [158°] Formed by 
saponification of the nitnle Sublimes in flat 
coiouiless needles Sol alcohol, ether, and hot 
■water, si sol cold water Salt AgA' small 
colourless needles, si sol cold water (ELreysler, 
B 18, 1710) 

p Iso AMYL-BENZONITEILE 

C„H^(C5H,,) CN (2b0°-263° uncorr ) Colourless 
oil Formed by heating tri isoamylphenyl 
phosphate with dry LCN , yield — 20 p c (Kreys- 
ler, B 18, 1709) 

Iso AMYL BOEATE Ci^H^BO, te 

(C,H„0)3B (254°) SG 2 872 

Iso-amyl borate (C,,H,,0)BO SG 2 971 Oil 
n AMYL BROMIDE CiH,,Br i e 
CH, CH^ CH, CH, CH,Br Mol w 151 (129°) 

S G 2 1 216 From n amyl alcohol (Lieben a 
Rossi, A 159, 73) 

Inactive amyl bromide (CH,) CH CH, CH,Br 
(120 6° 1 V ) at 734 mm S G i 02b (Lacho- 
wicz, ^ 220,171) 

Isoamyl bromide (118 6°) at 756 mm (R. 
Schiff, B 19, 663) H F p 34,000 (Bertbelot) 

S V 138 6 (S ) , 143 8 (Ramsay) For a speci- 
men which rotated + 62° in 100 mm Perkin 
(C J 45, 458) found (120 6° oOr ) , S G 
1 2193 , If 1 2083 , M M 9 04 at 17° 

Active amyl bromide (117°-120°) , S G 
1 225 (Le Bel, Bl [2] 26, 646) Dextrorotatory, 
a» +3 75° 

n Sec amyl bromide CH3 CEL, CH, CHBr CH, 
(113°) (Wurtz, A 125, 118) Formed when 
isoamyl bromide is heated at 230° (Eltekow, B 
8, 1244) 

Iso sec amyl bromide (CHs)^ CH CHBr CH, 
(116°) (Wysohnegradsky, A 190, 357) 

Tert amylbromideCHg CH, CBr(CH,)j,.(109°) 
AMYL-BEOMO- v Bromo amyl 
Iso AMYL-CAEBAMIC ETHER C,H„NO, t «. 
C,H,jNHCO,Et Amyl urethxme (218°) S G 
93 From isoamyl amine and ClCO,Et (Custer, 
B 12, 1328) Oil , sol alcohol and ether 

Di-iioamyl-carbamic ether (CjH,,),^ CO,Et 
(247°) 1? rom di isoamyl amine and ClC05^it(C ). 
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XSO-AMYL CAUBAMINE. 


I«o AMYL CAEBAMIKE C;H„N t e C,H„NO 
fl87®) Mol w 97 (Hofmann, A 146, 109) 

Iso AMYL CAEBONAIE t.e 

<C,H„) CO, (229° cor ) S G 91 
Iso AMYL CETYL OXIDE C2,H,,0 
[30°] Plates 

n AMYL CHLOEIDE CsH„Cl t e 
CH, CHj CH, CH^ CH Cl Moi w 106 5 (106°) 
g G Z2 873 (Laehowicz, A 220, 191) , 883 
(L a K ) Fonned from n amyl alcohol (Lieben 
a Kossi, A 159, 72 , G 1, 314) or by the chlon 
nation of n pentane (Schorlemmer, A Ibl, 2b8) 
Inactive amyl chloride (CH3)^CH CH^ CH Cl 
(99 8°- 100 5°) S G ^ 870 From iso pentane 
(Lachowitz) 

l 80 *amyl chloride (99 5°) (K Schifif, B 19, 
662) S V 134 4 (S ) , 130 5 (Ramsav) In a 
specimen which rotated +5 8° in 100 mm 
Perkin (C J 46, 462) found (97°-99° cor ) , S G 
8801 , 8716 , M M 7 17 at 19 5° 

Formation — 1 From isoamyl alcohol and 
HCl(Balard, ^ Ch [3] 12 294), S Cl, (Carms a 
Fries, A 109, 1), or PCl^ (Cahours, A 61 y 164) 
Reactions — 1 Converted into amyl alcohol 
by water at 100° (Butlerow, A 144, 34), or better 
at 120° (Niederist, A 186, 392) —2 H^&O^ 
forms HCl and CjHnSO^H (Oppenheim, J pr 
102, 339) 

Active amyl chloride 

CHj CHj CH(CH3 ) ch Cl (99°) « - + 1 24° 

B G 886 (Le Bel, Bl r2] 25, 546) 

n Sec amyl chloride CH3 CH^ CHj CHCl CH, 
(104°) SG SI 891 From n pentane by chlon 
nation (Schorlemmer , Lachowicz) From 
OH, CH2 CH CH CH, and HCl (Wagner a Sayt 
fceff, ^ 179,321) 

iso sec amyl chloride (CH,) CH CHCl CH, 
(91°) S G 2 88 From (CH,) CH CH CR, and 
HCl (Berthelot, C R 60, 700 , Wurtz, A 129, 
368 , Wyschnegradsky, A 190, 357) 

s Sec amyl chloride Et.CHCl (103°-105°) 
8 G Si 895 From the alcohol (W a S ) 

Terf amyl chloride EtCMe, Cl (86°) 8 G is 
870 By action of PCI, on tert amyl alcohol 
or on methyl isopropyl carbinol (Wyschnegrad 
Bky,i4 190,336, 191,331) 

AMYL-CHLOBO v Chlobo autl 
Iso AMYL CYAN ATE C,H„NO te 

C,H,,N CO (135°) Prepared by distilling 
amyl carbamic ether with P^O, (Custer, B 
12, 1330), or from C,HnSO^K and potassium 
cyanate (Wyrtz, A Ch [3] 42, 43) With 
ammonia it yields amyl urea, and with potash it 
yields araylamine 

AMYL CYANIDE v Amtij Cabbamine and 
nitrile of Hexoic Acm 


AMYLENE C,H,o Fentene Mol w 70 
Tt-Propyl-ethylene CH, CH^ CH^ CH CH« 
(40°) 

Formation — 1 Together with amyl acetate 
when KOAc and Ac^O act on n amyl chloride at 
200° (Schorlemmer, A 161, 269) — 2 Together 
with di allyl (pnncipal product), pentane, and 
other bodies, in the action of zinc ethide on allyl 
iodide (Wurtz, A 123, 203 , 127, 65 , 148, 131) 
Properties — Liquid, msol H 3 SO 4 (2 vols ) 
diluted with water (1 vol ) 

Reactions — 1 Gives Pr CHI Me with HI — 
2 Alkaline KMnO^ gives succinic, butyric, 
oxalic, and formic acids (Zeidler, A 197 253)« 


Isopropyl-e thy lone (CH,), CH CH CH^ (21®)« 
Formed together with EtCMe CH, by action of 
alcoholic KOH on isoamyl iodide (Wysohne- 
gradsky, B 10, 81 , A 190, 328) 

Properties — Liquid , msol at 0° in H^SO, 
(2 vols ) mixed with water (1 vol ) 

Reactions — Does not combine with HI at 
— 20°, but at 20^ it combines slowly forming 
(CHJ.CH CHI CH, 

8 Methyl-ethyl-ethylene CH, CH CH Et 

(36°) 

Formation — 1 From CH, CH, CHI CH, CH, 
(Wagner a Saytzeff, A 175, 373 , 179, 302), or 
CH, CHI CH, CH, CH, (Wurtz), and an alcoholic 
solution of KOH — 2 From ethyl crotonic acid. 
CH, CH CEt CO,H, by combining it with HBr 
and neutralising the resulting & bromo di 
ethyl acetic acid CH, CHBr CEtH CO Nai» 
NaBr + CO, + CH, CH CEtH (Fittig, A 200, 27) 
Reaction —HI forms CH, CHI CH CH^ CH„ 
u Methyl ethyl-ethylene Et C(CHs) CH^ 
(32°) 8 G ^ 670 From active amyl iodide 

and alcoholic KOH (Le Bel, Bl [2] 25, 546) 
Properties —Liquid , dissolves in H^SO* 
(2 vols ) diluted with water (1 vol ) 

Reactions - HI forms CH, CH CI(CH,) CH, 
Tn-methyl-ethylene (CH,) C CH CH, (36°) 
8G ^ 6704, 6614 MM 6 121 at 13 2° 

(Perkin, C J 46, 448) 

Formation — 1 From CH, CH CI(CH,), 
(Ermolajeff, Z [2] 6, 275) or CH, CHI CH(CH3), 
(W> ) and alcoholic KOH — 2 hrom etliyl 
isoamyl oxide and P 0^ (Flavitzky, A l69, 20b) 
Properties — Liquid, soluble at 0° m H^bO, 
(2 vols ) diluted with water (1 vol ) 

Reaction — HI foims (CH3)^CI CH CH, 
Isoamylene (36) SG ^ 661, 648 

H F p 10,600 (Berthelot) , 18,970 {Th) H F v 
16,650 {Th) V D 2 47 (for 2 42) 8 V 110 

(R Schiff, A 220, 89) , 110 8 (Ramsay) 

1 3813 Rqc) 39 29 (Bruhl) A mixture of tri 
methyl ethylene (90 pc) and u methyl ethyl 
ethylene (10 pc) with a small quantity of 
isopropyl ethylene (Flavitzky, A 179, 340) 

Preparation — From isoamyl alcohol and 
ZnClj, many other hydrocarbons being also 
formed (Etard, C R 86, 488 , Wyschnegradsky, 
C R 86,973) 

Properties — Absorbed at 0° by HjSO, (2 vols ) 
diluted with water (1 vol ), with production of 
tertiary amyl alcohol A more dilute acid (2 
pts H^804 I'O 1 pt water by weight) forms 
methyl isopropyl carbinol (Ossipofif, B 8, 642 
1240) — NOCl forms a compound C^HjoNOCl 
whicn may be reduced to amylamine (Tonnies, 
B 12, 169) — 3 C,H,oK^PtCl4 aq is formed by 
boiling isoamyl alcohol with PtCl4 and then 
adding KCl (Bimbaum, A 146, 73) , dehquescent 
plates 

Other References — Balard, A Ch [3] 12, 820 , 
Frankland, C J 3, 35 , Bauer, Sitz B 44 [2j 
87 , Z 1866, 380, 667 , Bauer a Klein, Z [2] 4, 
88b , Guthne, A 121, 108 , Lippmann, A 129, 
81 , M 6, 659 , Eltekoff, B 6, 1258 , Lmnemann, 
A 143, 860 , BuH, A Suppl 4, 143 , 148, 349 . 
Thorpe a Young, A 165, 7 , Flavitzky, A 165, 
167 , Le Bel, Bl 17, 3 , 18, 166 , Berthelot. 
A Ch [4] 9, 442. C R 44,1350, Benard, A Ch. 
[6] 1, 227 , MarkowmkofE, Z [2] 2, 502 

Oxidation of amylenes — 'Examined by Zeid- 



AMYL-GLYOXALINE 


Sll 


ler, -i 186,245, 197, 253, Truohot, C 22 68, 
274 , Berthelot, C 22 64, 36 

Diamylene C.oH^o (156°) S G 780 
76 58 (Nasini a Bernheimer, O 15, 93) 
S V 211 18 Occurs m the product of action of 
ZnClj, H^SO^, or PjO^, on laoamyl alcohol, and 
ih also formed by shaking amylene with H^SO^ 
Reactions — 1 Bromine forms CjoH^oBrj — 
2 Chromic acid mixture produces amethenic 
acid (Schneider, A 157, 213 , Pawlow, 

J 22 9, 75) 

Combinations — C,oH>„S Clj , from amylene 
andS.Cl^ (Guthrie, C J 12, 112, 13, 35, 14, 
128) Distilled over KOH it forms CjoHigS^, 
(112°), SG 880 ZnEtj gives C.AoSj 
(240°-250°) 

References — Balard, A Ch [3] 12, 320 , 
Bauei, Bl 1863, 332 , 18G7, 341 , Berthelot, C R 
oG, 1242 , Walz, ^ [2] 4, 315, W v Schneider, 
A 157, 185 , W} schnegradsky, B 8, 434 , Lebe 
deff, J 22 7, 246 , Tugolessoff, B 12, 1486 
Triamyleae (248°) S G 81 V D 7 G 

(for 7 4) Among products of action of 
ZnClj on isoamyl alcohol (Bauer, Sitz B 44 
[2J 87 , A 137, 249 , 147, 254) Forms a bro 
mide, CiftHaoBrg, converted by alcoholic KOH 
into benylene, CuHjs, (223°-228°) 

Tetra amylene C oH^o (390°-400°) S G & 
871 Among products of action of ZnCl^ on 
isoamyl alcohol (Balard , Bauer) 

AMYLENE DI-ACETIN v di Oxy pentane 
AMYLENE BENZOATE v di Oxy pentane 
AMYLENE BROMIDE v di Bromo propane 
AMYLENE TRI-CARBOXYLIC ACID 
C«H,oO«ie CH, CHCH C(CO H) CH, CO H 
Ether — Et^A'" [151°] Obtained by intro 
duoing allyl into ethane tri carboxylic acid 
(Hjelt, B 16, 333) At 1G0° it splits up into 
CO, and allyl succinic acid {q v ) 

AMYLENE CHLORHYDRIN v Chloro 

AMYL ALCOHOL 

AMYLENE CHLORIDE V di Chloro pentane 
AMYLENE - CHLORO - SULPHIDE v di 
Amylene, Combinations 

AMYLENE IS-ETHIONIC ACID v Oxy 


PENTANE 8ULPHONIC ACID 

AMYLENE GLYCOL v di Oxy pentane 
AMYLENE GUANAMINE C,H„Nj [178°] 
Formed by heating guanidine caproate (hexoate) 
at 225° (Bandrowski, B 9, 243) Crystals , v si 
sol water, V sol alcohol Salt — B'HCl 

AMYLENE HYDRATE Tertiary Amyl 

ALCOHOL {q V ) 


AMYLENE HYDRIDE Pentane (g v ) 
AM7LENE HYDROCHLORIDE Amyl 

CHLORIDE {q V ) 

AMYLENE NITRITE C,H,eN,0, t e 
C,iH,o(NO ), From amylene by treatment with 
NO, or fuming HNO3 (Guthne, C J 13, 45, 129) 
Tables , decomposed at 95° 

AMYLENE OXIDE 

Isopropyl ethylene oxide Pr CH'f | 

\CH, 

(82°) By action of potash on chloro amyl alco 
hoi, PrCHClCHjOH or PrOH(OH) CH,C1 
(Eltekoff, Bl [2] 40, 23 , / 22 14, 365) Heated 
with water for 60 hours at 100° it forms 
Pr CH(OH),CHgOH Does not oombme with 
NaHSO« 


Tn-methyl-ethylene oxide Me,C\ | 

(76°) SG 2 829 \CHMe 

Preparation — By action of potash on the 
chloro amyl alcohol obtained by the union of 
Me,C CHMe with HCIO (E ) 

Properties — Liquid , readily unites with 
cold water to foim di oxy pentane Does not 
combine with NaHSO, 

y^ 

Methyl-ethyl-ethylene oxide MeCH<^ ) 

\0HEt 

(80°) Prepared by action of potash on the 
chloro amyl alcohol resulting from union of 
Me CH CHEt with HCIO (E ) Unites at 100° 
with water forming MeCH(OH) CHEt(OH) 

Di-amylene oxide C,„H,oO (170°- 180°) From 

di acetyl di oxy decank {q v ) (di amylene di 
acetin) and solid KOH (Bauer, SUz B 46, 276) 
Oil Reduces ammoiiiacal AgNO, 

Di-amylene oxide (198° 203°) V D 6 3 
(for 5 4) Obtained as an oil by the action of 
potash on a mixture of amylene and Bz,0, that 
has been heated at 110° (Lippmann, M 6, 562) 
Does not reduce ammoniacal AgNOg or oombme 
with NaHSO, 

Di-amylene oxide (180°-190°) From di 
amylene and chromic mixture (Schneider, A 
157, 221) Reduces ammoniacal AgNOg Oxi 
dised to amethenic acid C7H,,02 

Di-amylene oxide (193°) From di amylene 
bromide {v di Bromo dlcane), water, and PbO 
(Eltekoff, J 1878 374) 

Two or more of the preceding di amylene 
oxides may be identical 

AMYLENE SULPHIDE C^H.^S (c 200°) 
SGI"' 907 Formed by boiling C,„H,oS,Cl3 
{v Diamxlene) with zinc (Guthrie, C J 14, 
128) Colourless oil 

Amylene sulphide (?) C H„S (130°-150°) 
V D 3 2 (calc 3 5) Formed by action of acids 
or of heat upon the product of the union of 
ZnEt, and CS (Grabowsky, A 138, 165) Alco 
holic HgCl, forms plates of C,iH,„S HgSHgClg j 
alcoholic AgNO* forms CjHioOAgjOAgNOg 
AMYL ENNONYL KETONE (?) 

Et CH CO C,H,(C,Hg)g (?) (280°-800°) One 

of the products got by passing CO over a 
mixtuie of NaOEt and NaOAo at 260° (Geuther 
a Frohheh, A 202, 312) 

AMYL ENNYL KETONE 6,<H,gO le 
C,Hp CO C„H,p (?) Amyl valerone (209°) 

S G 845 One of the products of the passage 
of CO over sodium iso amylate at 100° (Geuther 
a Frohlich, A 202,301) Liquid, smells lik^ 
quinces Does not combine with NaHSO,, 
AMYL ETHER v Amyl oxide 
AMYL FLUORIDE “C.Hj.F (72°~92°) A 
mixture of amyl fluoride and polymendes of 
amylene is formed by saturating amylene at 0° 
with HF (S Young, C J 39, 489) 

AMYL-GLYOXALINE CgH,*N, le 

CH^q^ j^^C CjHii (?) Qlyoxal’Cmanthylme 

[84°] From osnanthol ammonia and glyoxal 
(Radziszewski, B 16, 748) Thin glistening 
needles SoL alcohol, iL boL ether, msoL 
water 
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AMY L-GLYOX A LINE 


Iso amyl-glyoxalme t e 

CH<cH - (?) (240°-245'>) 

g O li 94 From glyoxalme and amyl bromide 
(Wallach, A 214, 322 , B 15, 651) Liquid , 

V si sol water, sol even in very dilute alcohol 

Salt — ^B'jH^PtClfl plates (^from alcoholic 
UCl) , V si sol cold water or cold alcohol 
Jso AMYL HEPTYL OXIDE Ci^H^O le 
CjH„OC,H ,5 Amyl cenanthyl ether (221°) 
SG 668 V D 6 57 (calc 6 45) From 
eodium heptylate and isoamyl iodide (Wills, 
C J 316) 

iPy 2 3)-AMYL.HEXYL.QUIN0LINE 

XH C(C,H„) 

CjoHj^N I (320-°-360°) 

\N C(C«H,3) 

Oily fluid Formed by the action of cenanthic 
aldehyde and HCl upon aniline (Doebner a 
Miller, B 17, 1719) 

Salts — B'jH CljPtCl, large yellow plates 
— B'C«H^(NO )30H yellow needles , si sol 
water and cold alcohol 

AMYL HYDEIDE v Pentane 
Jso-AMYL-HYDRO-ANTHEANOL or 

[74"] Formed, as 

a by product m the treatment of anthraqui 
none with ziro dust and amyl bromide (Lieber 
mann a Tobias, B 14, 801 , A 212, 102) 
Crystalline solid Insoluble in water, extremely 
soluble in other solvents On boiling with 
alcoholic HCl it gives amyl anthracene 

Jso- AMYL -HYDROQXTINONE P^om iso 
amyl arbutin and dilute HjSO^, glucose being 
also formed (Schifl a Pellizzan, A 221, 365) 
Needles Gives a crystalline nitro derivative 
AMYLIDENE - ACETO - ACETIC ETHEE 

V p 24 

Iso AMYLIDENE m AMIDO BENZOIC ACID 

C^H^NOj t e C,H, CH N C«H, CO H [c 130°] 
From valeric aldehyde and m amido benzoic 
acid (Schiff, A 210, 119) 

AMYLIDENE ANILINE C^H.^N le 
Me^CH CHj CH NPh [97°] Piom valeric 
aldehyde and aniline in the cold (Lippmann 
a Strecker, B 12, 74} Prisms — B'HCl — 
B'jH^tClj Valerio aldehyde and aniline at 
100 ° form di amylidene di phenyl diamine, a 
neutral oil, C,2H,oN2 (Schiff, B 12, 298) 

AMYLIDENE BIDEET C,H,3N,0, From 
valeric aldehyde and cyanic acid (Baeyer, A 
114, 164) 

AMYLIDENE BEOMIDE v di Bbomo fent- 

ANE 

AMYLIDENE DI-CAEBAMIC ETHER 

ChH^N^O, t c Me,CH CH2,CH(NH COaEt)^ 
Amylidene urethane [126°] From carbamic 
ether, valeric aldehyde and cone HCl (Bischoff, 
B 7, 633) Needles Split up by hot dilute 
acids into valenc aldehyde and carbamic ether 
AMYLIDENE CHLORIDE v di CniiOBo. 

PENTANE 

AMYLIDENE GLYCOL v oriho-N kiimiiQ al- 

DEHTDE 

AMYL IODIDES C,H„I Mol w 198 
n Amyl iodide CH, CH^ CH, CH, CH,I 
(166° cor ) S G 1 544 , 1 517 From the 

chlonde and HI (Lieben a Eossi, A 169, 74) 

Iso amyl iodide (148°) S G ^ 1 610 , 
ff 1 498 MM 13 20 at 19 6® (Perkm, C J 46, 


462) SV 161 08 (R Schiff, B 19,564) From 
isoamyl alcohol (4 pts ), iodine (6 pts ), and P 
(Cahours, A Ch [2] 70, 81 , Grimm, J pr 62, 
386) Prom amyl chloride and CaL3^aq at 
100° (Van Romburgh, B 1,161) Partially con 
verted by heating with EtOH into EtI and 
isoamvl alcohol (Friedel a Crafts A 130, 198) 
Active amyl iodide EtCHMe CH I (144°- 
145°) SG 1 5425 (Just, A 220, 162) 
o = 3 76° for 100 mm at 16° ( J ) , 5 2° (Le Bel, Bl 
[2J 25, 642) From the alcohol by HI Beducod 
in alcoholic solution by Sn and cone HCl to 
inactive isopentane (J ) 

u n Sec-amyl iodide CH, CH CH^ CHI CH, 
(144°-146°) S G ^ 1 539 Formed by union 
of HI with CH, CH, CH,CH CH (Wagner a 
Savtzeff, A 179, 313, Wyschnegradsky, A 190, 
347) or CH, CH, CH CH CH, (Wurtz, A 148, 
132) 

Iso scc-amyl iodide (CH,) CH CHI CH, 
(137°-139°) From (CH,) CH CH CH^ and HI 
(Wy) Water and PbO convert it into 
(CH,),C(OH) CH, CH, 

s n /Scc-amyl iodide CH, CH CHI CH2 CH, 
(145^-146°) S G 2 1 528 , ^ 1 50 From di- 
ethyl carbmol and HI (W a S ) 

Tert amyl iodide (CH,) Cl CH, CH, (129°) 
S G 2 1 524 , 1 50 From iso sec amj 1 iodide 

and HI (Winogradoff, A 191, 132) , also from 
tert amyl alcohol and HI (Wy ) By shaking 
with water for 1^ hours it is almost completely 
converted into tert amyl alcohol (Bauer, A 
220, 158) \\ ith MeOH at 100° it forms Mel 

and tert amyl alcohol , MeOAc at 110° gives 
amylene, Mel, and HOAc 

DI n AMYL KETONE C„H ^Oie [0 H„) CO 
Caprone [15°] (226° cor ) b G ^ 826 Pre 

paied by distilling calcic caproate Does not 
combine with NallSO, 

Reactions — 1 Cone HNO, forms caproio 
nitro \aleric, and oxalic acids — 2 CrO, foima 
caproic and valeric acids (E Schmidt, B 6,601, 
Lieben a Janecek, A 187, 134 , Herez, A 186, 
263) 

n-AMYL - MALONIC ACID CsH„0< te 

(CjH,,)CH(C02H)2 [82°J Formed by saponify 
mg the product of the action of KCy npon 
a bromo heptoic ether (Hell a Schule, B 18, 
626) Split up at 140°into CO2 and n hexoic acid 
Salts— CaA" S 04 at 18° —Sr A" S 09 
atl6°-BaA' S 6 at 10° — CdA" — PbA" 
S 008 at 20° — AgjA" 

TEI- Jso AMYL MELAMINE C,«H„N, % e 
C3H, (C,H,,)3N8 Formed by desulphuration of 
isoamyl thiocarbimide (Hofmann, B 3, 264) 
Thick oil— B"H2PtCl, 

Jso-AMYL MERCAPTAN C,H,2S 1 0. 
C,H„SH Mol w 104 (120° 1 V ) (Beckmann) , 
(118°) (Nasini, Q 1883, 802) 8G f 8348 
Rqc) 31 94 (N ) From isoamyl chloride and KHS 
(Balard, A 62, 313) or CjHi^SO^K (ELrutzsch, 
J pr 31, 1) 

AMYL MIJSTABD OIL v Amtjs thzo- 

OABBIHIDB 

AMYL-NAPBCTHALENES C„H„ 

(a) Jao - amyl - naphthalene OjoH^CjH,, [1] 
Formed by heatmg an ethereal solution of (a) 
bromo naphthalene and isoamyl bromide with 
Na (Leone, G 12,209) — Piorate, [86°-90°], 
pale yellow needles. 



AMYL SULPHATES 


m 


{$) - Iso amyl - iiaphthalene Ci„H CjH„ [2] 
(c 290^) From naphthalene, isoamyl chloride, 
and AlCl, (Boux, Bl [2] 41, 379) — Piorate 
0,4H,8C,H,(N0 ),0H [105°-110°] 

Amyl-naphthalene ('>) (305*^) From lapachio 
acid, HI and P (Paterno, G 12, 369) — Pxcrata 
[141° ] orange needles 

Iso AMYL NITBATE C^HnNOj Mol w 133 
(147°) SV 103 59 (B bchiff, B 19, 667) 
From urea nitrate (10 g ), isoamyl alcohol (40 g ) 
and HNO, (30 g ) (P W Hofmann, A Ch [3] 
23, 374) Liquid, smelling like bugs 

Iso AMYL NITBITE C,H„KO. Mol w 117 
(96°) (B ) (99°) (Guthrie, A 111, 82) S G 9 

HFp 48,140 HFv 44,660 (T/i) 

Preparation — 1 Nitrous vapours (from 
As^g and HNOg of S G 1 62) are passed into 
tsoamyl alcohol (Balard, A Ch [3] 12, 318, 
Hilger, Ar Ph [3j 4, 485 , Williams a Smith, 
Ph [3] 16, 409) — 2 By distilling together 
KNOg, isoamyl alcohol, and dilute H28O4 
(Bennard, Ricss Zeitschr Pharm 1874, 1) 
leilowish liquid, smelling like nitrous ether 
AMYLNITBOUS ACID, so-called 
Obtained by action of HN Og on di amyl ketone 
(Chancel, C B 94, 399) Liquid , may be 
reduced to n valeric acid 

Salt — CgH^KNgO^ greasy looking plates 
AMYLODEXTBIN 1; Dextrin 
AMYLOID V Starch 

AMYLONITBOPHOSPHOROOS ACID, go 

called CjoHjjPNO^ (?) An oil, got by action of 
PgOj on isoamyl nitrite (Guthrie, A 111, 85) 
AMYL OXALATE v Oxalic acid 
Iso AMYL OXAMIDE A » « 

NA CO CO NHC,H„ [181°J Irom isobutyl- 
isoimyl glyoxaline and HjOg (Badziszewsky a 
bzul, B 17, 1296) 

Di iso amyl oxamide 

CH„NHCOCONHCAi [i29°] (Wallach a, 
Schulze, B 13, 616) [139°] (Wurtz) Silky 

needles , msol water From isoacmylamme and 
ethyl oxalate 

AMYL-OXANTHBANOL v Oxantheanol 
AMYLOXIDEC.AO Ami/lether M w I08 
Iso amyl oxide (CjHjJgO (173°) S G 
7807 , 7741 M M 11 168 at 15 6° (Perkin, 

C J 45, 474) From potassium isoamylate and 
amyl iodide 

Iso sec amyl oxide (Pr CMeH) 0 (163°) 

From Pr CMeHI and AgjO (Wurtz, A 129, 366) 
Iso AMYL-PHENOL C,jH,gO i e 
CAi CA OH [1 4] [93°] (250°) Formed by 
heating phenol with isoamyl alcohol and ZnCl, 
at 180° (Liebmann, B 15, 161) or by the action 
of nitrous acid upon amido phenyl isopentane 
(Calm,J3 16,1646) Long needles, si sol water 
Benzoyl derivative CjoHijOBz [81°] 
(349° cor ) Flat needles, formed by distilhng 
tri isoamyl phosphate with NaOBz (^^eysler, B 
18, 1717) 

AMYL-PHENYL- v Phenyl amyl 
Iso AMYL-PHENYL PHOSPHATE 
CggH^POg 1 e (O5H,, OkPO (above 400°) 
Formed by heating isoamyl phenol with POCl, 
(Kreysler, B 18, 1701) Thick oil , v sol ether, 
sol alcohol 

l50 AMYL-PHENYL SILICATE 

(OAi CgHg 0)481 (c 894°) at 118 mm 
From isoamyl phenol and S1CI4 (Hertkom, B 
18, 1692) 


AMYL PHOSPHATES 

Iso amyl-phoiphorio acW vCAn^) PO(OH),. 
From syrupy phosphono acid and amyl alcohol 
at ordinary temperature (Guthne, C *1 9, 134) 
Deliquescent crystalline mass , v sol water, 
and alcohol, insol ether Salts — Kl^A" — 
(NH.) Jif' —BaA" — PbA" — CuA^' — Ag,A" 

Di -ISO amyl-phosphorio acid 
(C H,,0)2P0(0H) From amyl alcohol and 
bromide of phosphorus (Kraut, A 118, 102) 
Salts - CaA'2 S 1 6 at 18° — AgA' — AgHA', 
AMYL-PHOSPHINES v Phosphines (Hof- 
mann, B 6, 297) 

Iso amyl phosphine CaHpPA (107°) 

Di ISO amyl phosphine (CjH)!)^^!^ 218°)« 

Tri ISO amyl phosphine (CgHujgP (300°) 
Oxide (CgH„)8PO [c 65°] 

Iso amylo iodide (€^11)4^^ 

Jso AMYL PHOSPHINIC ACID CgHuPO, 
le CjHij PG(OH)2 Pentane phosphinic acid 
[160°] From isoamyl phosphine and HNO, 
(SGI 35) Pearly plates (from water) 

Salt — AgjA" amorphous pp (Hofmann, 
B 6, 305) 

AMYL PHOSPHITES 

Iso amyl phosphorous acid (C.H,jO)P(OH)a 
Formed together with di isoamyl phosphorous 
acid by shaking with water the product of the 
action of PCI3 on isoamyl alcohol Dilute 
Na CO3 dissolves mono but not di , amyl 
phosphite (Wurtz, A Ch [3] 16, 227) 

Chloride (173") 8 0^1109 

(Menschutkin, A 139, 348) 

Di -ISO amyl-phosphorous aoid 
(CgH.iO) P(OH) S G 97 

Tn ISO amyl phosphite (C^HnO),? (236°), In 
hydrogen From PCI, and NaOCjH,, (William 
son a Bailton, C J 1, 218) 

AMYL-PIPEBIDINE C,A>N le 
C H,oN(C 5 Hh) (188°) Colourless liquid, nearly 
insoluble in water Formed by digesting pipeii- 
dine with amyl bromide and aqueous KOH 
Methylo iodide B'Mel [196°] Thick 
prisms By moist Ag O it gives an alkaline 
hydrate which on dry distillation yields methyl* 
amyl piperidine (Schotten, B 15, 421) 

Jso AMYL PYBBOL CA^N tc CA.NCA 
(c 182°) S G is 879 Formed by distilling iso- 
amylamine mucate (C A Bell, B 10, 1866) 

Jso amyl pjnrrol carboxylic acid, isoamyl 
amide C^H,, NCA CO NHC,H„ [77°] Pnsms, 
Pormed along with the isoamyl pyrrol {B ) 

Jso AMYL SILICATE CgoH^SiO^ le 
Si(C3H„0)4 (324°) SG ^ 868 V D 16 2 

calc 13 0) From SiCl, and isoamyl alcohol 
Ebelmen, A 67, 831) Oil, very slowly decom- 
posed by water 

AMYL SULPHATES 

Iso amyl sulphuno acid C^HjaSO, t e, 
C,H„S0A (Cahours, A Ch [2] 70, 86, 
Kekul6, ^ 76,275) 

Salts — NH4A'— NaA'liaq — KA' iaq — 
MgA'3 4aq — CaA'2 2aq — SrA22aq — BaA2 2aq 
fiat tables, S 9 7 at 10° (Balbiano, B 9, 1437), 
S G 1 623 at 21 2° (Clarke, B 11, 1606) — 
ZnA'2 2aq — HgA'32aq — PbA'2aq — MnA'3 4aq — 
NiA'2 2aq — CuA'3 4aq — AgA' 

Jso amyl inlphate (C5H„),S04 Formed by 
passing SO2 into warm amyl nitrite (Chapman, 
B 3, 920) 
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AMTL SULPHIDES 

Di-Mo amyl-fluiphide (OjHjOjS Mol w 174 
(214® 1 V ) S G ^ 8431 B a> 54 2 (Nasim, 
O 13, 802) Amyl alcohol (131°-132°) is con 
verted by PCij into amyl chloride and this is 
mixed with alcoholic K^S (from half saturation 
of alcoholic KOH with HgS) and heated in 
closed vessels for 10 hours at 100® Product 
fractionated (Beckmann, J pr [2] 17, 440) Also 
from potnss um amyl sulphate and K^S (Balard, 
A Ch [8] 12, 303) 

DI tso amyl disulphide (CjH„)^S2 (250®) 

SG ^ 918 From potassium amyl sulphate and 
(0 Henry, A Ch [3J 25, 246 , Spring a 
Legros, B 16, 1938) 

Iso AMYL SULPHITE (C,H„0) SO (230®- 
260°) From SOClj or S^Clg and isoamyl alcohol 
(Carius, A 106, 291, 111, 97) Oil, decom 
posed by water or KOHAq into amyl sulphurous 
acid and amyl alcohol 

AMYL SULPHOCYANIDE C,H„NS te 
C,H,,SCN (197®) SG ^ 905 Got by 
distilling potassium amyl sulphate with potas 
Slum sulphocyanide (Henry, A Ch [3J 55, 248 , 
Medlock, A b9, 214) 

Di MO AMYL SULPHONE (C,H„) SO, 
[81®] (295®) Di ISO amyl sulphoxide (5 pts ) is 
heated with water (20 pts ) till it melts, a solu- 
tion of KMn04 (8 pts ) in not water (30 pts ) is 
added with constant agitation The sulphone 
IS extracted with ether The yield is that indi 
cated by theory (Beckmann, J pr [2] 17, 441) 

Properties — Long needles, grouped in tufts 
SI sol hot water , sol alcohol, ether, benzene, 
CHCl, and CSj Soluble in H^SO^, HNOj and 
acetic acid, but precipitated by water from these 
solutions Not reduced by Zn and H^SO^, by 
sodium amalgam or by HI 

AMYL SULPHONIC ACID v Pentane 

BULPHONIC ACm 

DI ISO AMYL-SDLPHOXIDE (C.H.OaSO 
[37°] From di amyl sulphide (1 pt ) and 
fuming HNO, (2 pts ) Crystallised from ether 
(Saytzefl, A 139, 864 , Beckmann, J pr [2] 
17, 441) Flexible fatty looking crystals 
Chlorine acts on it in presence of water forming 
pentane sulphonic acid, chloro pentane sulphonic 
acid, di isoamyl sulphone, valeric acid, chloro 
valeric acid, tn- and tetra chloro pentanes, &c 
(Spring a Wmssmger, Bl [2] 41, 307) 

AMYL . SULPHUEIG ACID t; Amyl 
Sulphate 

Iso AMYL TELLURIDE Te(C,H„)s (c 198®) 
Got, in impure state, by distilling calcium 
amyl sulphate with TeK, (Wohler a Dean, A 
97, 1) 

Iso - AMYL - DI . THTO CARBAMIC ACID 

CjHijNSjie CsHijNH CS SH Isoamylamine 
salt CjHjjNHjHA' From isoamylamine and 
CSj m ethereal solution (Hofmann, J 1859, 
879) Laminae 

AMYL THI0CARBIMIDE8 C«H„NS %6 
C,H,,N CS Amyl mustard oils Mol w 129 

lao-amyl-tliio-oarbimide (183®) 8 G ^ 942 
Obtained by boiling the preceding compound wi h 
aqueous FCigClji (Hofmann, B 1, 173 , Buff, B 
1, 206) 

Tert amyl ikio-earbimide EtOMe^N CS 
(166®) From EtCMCaNH, by successive treatment 
With CS, and HgCl, (Budneff, Bl [2] 88, 300) 


AMYL THI0-FH0SPHATE8 
Jso-omyl tbio-phosphate (CiII,,)H,PSO, 
From isoamyl alcohol and PSCl, (Chevrier, Z 
1869, 413) 

Tn iso amyl thiophosphate (C,H,,),PSO, 
S G 85 From C,H„ONaand PSCl, (C ) Oil 
Di -ISO amyl di-thio-phosphate 
(C4H„)2HPS Oj Salt — PbA'„ [70®] 

Tn-iso amyl -tetra thio - phosphate 
(C5 H,,)jPS 4 Formed, together with the pre- 
ceding, when P^Ss acts on isoamyl alcohol (Kowa 
lewsky, A 119, 310) 

Bo AMYL THIOSULPHATE The salt 
Na(C^H,,)S20,2aq is formed by acting with 
isoamyl iodide on sodium thiosulphate It 
crystallises in lamince (Spring a Legros, B 15, 
1938) 

Iso AMYL THIO UREA C,H„N S t e, 
C,H,,NH CS NH, Monoclimd crystals (Arzruni, 
P 162, 284) 

AMYL-TOLUENE C.^H,, t e CH, C.H, C H^, 

Methyl amyl benzene 

o-Iso amyl-toluene (?) (204®) S G 2 895 

From toluene, isoamyl chloride, and zinc dust 
(Pabst, B 9, 603) 

m-Iso amyl-toluene (208°) S G 868. 
From toluene, isoamyl chloride, and AlCl, 
(Essner a Gossm, Bl [2] 42, 213) KMnO, gives 
isophthalic acid 

p Iso amyl toluene (213°) 8 G 8 864 

From p bromo toluene, isoamyl bromide, and 
Na (Bigot a Fittig, A 141,100) CrO, produces 
terephthalic acid 

AMYLUM V Starch 

AMYL-UREAC^H.^N^Oie C,H„NH CO NH, 
Iso amyl-urea [91®] From amyl cyanate 
and hot alcoholic NH, (Custer, B 12, 1330 , 
c/, Wurtz, C B 32, 417, BZ [2] 7, 141) Crystals, 
si Bol water 

Iso Hexoyl-derivative 
C,H„NHCONHCOC,H,, [94®] From tha 
amide of isohexoic acid, Pr CHj CH^ CO^H, by 
means of Br and NaOH (Hofmann, B 16, 758) 
Terf-amyl-urea [151°] S 1 26 at 27® 
From tert amyl cyanate and NH, (Wurtz, A 189, 
328) 

71 Hexoyl derivative [97®] Formed by 
action of potash on a mixture of n hexamide 
and bromine (H ) Plates , sol alcohol, and 
ether, insol water 

Bl - ISO amyl - urea C Hi,NH CO NHC^H, , 
[39®J (270°) Formed by boiling isoamyl 

cyanate with isoamylamine and alcohol (C ) 
Needles , insol water, sol alcohol and ether 
Di tert amyl urea Formed by action of 
KOH upon tert amyl cyanate (W ) Needles , 
may be sublimed 

Tri-iso amyl-nrea (C.HjO^N CO NH C,H„ 
(260°) From isoamyl cyanate and di isoamyl- 
amxne (C ) Liquid 

Tetra-wo amyl-nrea (CsHj,)2N CO N(C H,,)^ 
(241°) Obtained by the action of Cl CO Et 
upon a mixture of di and tn isoamylamine (C ) 
AMYL URETHANE v Amyl-cabbamic etheb. 
AHYL-VALERONE v Butyl ennyl ketone 
Iso AMYL-XYLENE i^ 

OgHgMeg 0,H,, JDi - methyl - isoamyl - benzene* 
(233°) S G ® 896 From bromo-xylene, iso- 
amyl broxiudc and Na (Fittig a. Bigot, A, 141* 
168) 



ANALYSIS 


AUYEIK A c!rystallme ream, difficultly 
foluble in alcohol, contained m some specimens 
of elemi, and m arbol a brea resin (Bun, 
Neues Repert fiir Pharm 25, 193 , Hesse, A 
192, 179) According to Hesse its formula 
18 04,H,y(0H)2 and its acetyl derivative is 
C 47 H 7 a(OAc )2 Bromine forms a complicated 
bromo derivative 

ANACAKDIC ACID C A 0, [26°] Occurs 
in the fruit of Anacardiitm occidentale (Staede 
ler, A 63, 137) Crystals , insol water, v sol 
alcohol and ether Salts — CaA"aq — BaA' — 
PbA' -HA'PbOAc-A'TeOHaq— AgHA" 

ANALYSIS To analyse a thing means to 
resolve it {ava\v^iv) into its components This 
term, however, has a very wide meaning, which 
fjtretches far beyond the outermost limits of our 
resources of e\Gn ^irtical analysis So well is 
this understood by all that even when we speak 
of a complete analj sis we refer only to as com 
plete a solution as the science affords of one or 
other of three special problems One of these 
18 the actual or virtual resolution of the body 
into its component chemical species or perhaps 
genera, another, the determination of its ele 
ments , the third, the determination of what, in 
the sense of some imagined general mode of 
decomposition, are its primary radicles This 
(the last named) problem has received a partial 
solution in the sense that we have ready made 
methods for the determination of the acids and 
bases that may be contained in a solution of 
salts of a certain low order of complexity These 
methods include only a minority of the non 
metallic salt radicles but they include all the 
better knowm elements as such , and as we 
have general methods for converting any kind 
of substance into salts of low order of com 
plexity, these latter methods, conjointly with the 
former, constitute a complete solution of the 
problem of ultimate analysis In regard to the first 
problem, our powers are very limited That we 
ha\e methods for the proximate analysis of cer- 
tain classes of substances need not be specially 
affirmed , without these, vegetable and anim^ 
chemistry could have no existence — but a general 
exposition of their principles would resolve itself 
into the retailing of commonplaces We prefer 
to give a brief summary of what we have of 
means and ways for seeing whether a substance 
presumed to be pure really is one substance oris 
a mixture In a sense there is only one method 
we subject the substance to some physical or 
chemical process of fractionation, which, while 
sure not to produce transmutations, gives the 
several proximate components a chance of part 
ing from one another , and we then compare the 
several products with one another and with the 
original substance The form which the 
method assumes depends largely on the state of 
aggregation of the substance under operation 

I Gases The oneness of a gas can m 
general be proved by (a) fractional diffusion 
through a septum of gypsum or graphite, if 
the gas IS a mixture of, say, two species, the 
lighter one diffuses out faster than the other, 
with mixtures of gases of the same specific 
gravity, the method, of course, breaks down 
{b) partial absorption This method is dis- 
OQSsed fully under ‘ gas analysis ’ ( 2 » v ) 


m 

II Solids These may be susoeptible ol 

fractionation by {a) partial fusion , (6) partial 
solution in suitable solvents , (c) partial freeseiTig 
of the liquefied body , {d) partial crystallisation 
out of solutions , (e) partial volatilisation 

(See III ) For the comparison of the several 
fractions, the determination of the fusmg points 
comes m as a handy, and m general sensitive, 
test 

III Liquids For these the methods given 
under (6) and (c) for solids may be available In 
the case of distillable liquids we generally resort 
to fractional distillation, taking care to observe 
the temperature of the (saturated) vapour, during 
the progress of the operation A mixture may 
have a constant boiling point, and may besides 
remain undecomposed on distillation , as a rule, 
however, it is not so The volatility of each 
component depends chiefly on the value for it of 
the product mp, where m is the molecular weight 
(or vapour density), and p the vapour pressure 
at the prevailing temperature of ebullition For 
two components, the respective products 

and mjp^ have in general different values 
Hence it is not necessarily the lowest boiling 
component which comes over first , because a 
large m may make up for a small p As a mere 
test for purity, the determination (at a series of 
suitable temperatures) of the vapour pressure by 
the statical method goes considerably further 
than the determination of the boihng point 
curve In a puie substance, the pressure, p, at 
t° IS a function of t only , in a mixture of (say) 
two liquids, p depends (in a given trial) on the 
volume of vapour produced, because the ratio of 
the weight of the vapour to that of the un- 
volatihsed residue changes with this volume If 
this ratio is very small, we have an approxima 
tion to the vapour pressure of the more volatile 
component, if the ratio is large, the pressure 
approaches the value characteristic of the 
mixture as such Any of the many mixtures of 
constant boiling point, when subjected to this 
test, at a suitable temperature, is sure to reveal 
its complexity Unfortunately the operations 
involved are somewhat troublesome, and the 
results are liable to be largely vitiated by the 
presence of absorbed air in the sample 

The second and third of our three general 
problems, qualitatively considered form the body 
of what IS customarily being taught as 

Qualitative Analysis 

The resources of qualitative analysis — apart 
from mere methods of identification of named 
species, which we leave on one side — may be 
arranged under three heads — 

I Flame Tests A set of methods for the 
detection of elements as such, which, being all 
founded upon ultimate or penultimate dissocia- 
tions at high temperatures, are in a high degree 
mdependent of the constitution of the substance 
operated upon Another specific feature in these 
tests 18 that they are easy and rapid of execution, 
and demand only very small quantities of sul^ 
stance 

II A set of what we will call methods of 
ehenueal disintegration (each general in refer 
cnee to a large class of bodies), by means of 
whiqh oompoonds of high chemical complexity 
can be, so to say, opened up, and their elomenti 
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brought vuthin the range of our routine methodi 
of salt analysis {v infra) These methods might, 
each, be indexed, by reference to a certain 
element, generally of high valency , as a rule it 
IB a non metallic element, and in the analyst’s 
sense, sui generis, i e not susceptible of detection 
vas one of a group 

III The systematic methods for the radical 
analysis of a solution of salts which were 
referred to in the introduction In addition to 
these analytical methods, the analyst naturally 
discounts all that may help him towards the 
solution of his problem Our three classes of 
methods alone, it is true, if judiciously employed, 
would enable one in general to perform an ex 
haustive ultimate analysis , but a purely 
ultimate analjsis, in the majority of cases, is 
not what we want The ideal which we aim at 
in all analyses made for practical purposes is (as 
good an apology as is attainable for) a proximate 
analysis , a recipe so to saj for composing the 
substance from things of known constitution 
Hence, if the substance presents the aspect of 
a mixture — mechanical or physical — w e naturally 
begin by trying to effect a separation of the 
aeveral things from one another by mere pick 
ing out, or elutriation, in the case of an obvious 
mixture , by distillation in the case of a solution 
in a volatile solvent We will assume, however, 
that this division of the given substance into 
two or more substances has been effected (if 
called for, and possible), and that the substance 
to be analysed is a solid (which virtually includes 
the case of a liquid) , gases demand special 
methods, which lie beyond our programme In 
this, as in any analogous case, we naturally begin 
by a close observation of at least the general 
properties of the body , it may be expedient to 
supplement this observation by the exact deter 
mination of certain physical pioperties, such as 
hardness, specific gravity, crystalline form, 
optical constants, &c , <fec Everything here 
depends on the nature of the case, and — of the 
operator A mineralogist, for instance, by such 
determinations, may be able virtually to analyse 
a mineral , but everybody cannot do this After 
Ihe more purely obbervational stage, it is ex- 
pedient to study the behaviour, at a graduated 
succession of high temperatures, of (a) the sub 
stance itself, ( 6 ) the substance and atmospheric 
oxygen, (c) the substance plus added reagents 
We therefore begin by heating a few centigrams 
of substance m a sublimation tube over a Bunsen 
lamp— first gently, then more and more strongly 
— on the chance of obtaining a readily recognis 
able sublimate, gas or vapour, or residue Of 
the identifiable residues, charcoal is the most 
important, because its formation proves the pre 
Benoe of organic matter in the sample, although 
all organic matter does not yield charcoal If 
the substance presents a metallic, or semi 
metallic, aspect, it is expedient to roast a frag 
ment in a draught tube, on the chance of 
obtaining a sublimate of mercury, oxide of 
cadmium, white arsenic, iodine, &o , or an 
evolution of sulphurous acid, <fec If the sub- 
-Btance proves partially volatile or partially 
ctwnbustible, we prepare a supply of the fire proof 
part ^at the lowest sufficient temperature), and, 
treating it from the first as we would a fire proof 
aabstance, subjeet it to a selection of 


I Flame Tests 

By “ flame tests ” we mean dry way tests, in 
which the substance, or substance plus reagents, 
IS heated directly in the flame These tests 
were introduced by Gahn, and subsequently ex- 
tended and brought to high perfection chiefly by 
Bei zelius and Plattner In accordance with the 
modes of operating which these authorities 
found it convenient to adopt, a blowpipe flame 
used to be universally employed as a heating 
medium But Bunsen, some twenty years ago, 
showed that most blowpipe tests can be done 
more easily and conveniently in the flame of the 
gas lamp which bears his name, and that this 
flame can also be employed for certain new tests 
introduced by him, which tests could not be 
conveniently done with the blowpipe Many 
chemists prefer the BunseniHn modus operandi, 
but the blowpipe has not b}^ any means become 
obsolete , it will continue to be used, because it 
offeis certain specific advantages of its own 
For the purposes of this article it will be 
sufficient to give the following enumeration of 
the more important of the characteristic flame- 
test operations 

(1 ) A few mgms of the substance are placed 
on an asbestos stick, and exposed to the several 
regions of a Bunsen flame, pioceeding from 
lower to higher temperatures, to determine 
degrees of fusibility and volatility 

(2 ) A few mgms , fixed to one end of a hair- 
fine platinum wire, are exposed first to colder, 
and then to the hottest, part of the flame mantle 
of a Bunsen, order to see whether the flame 
IS thereby coloured If a colour is produced it 
is analysed optically (by means of a spectro 
scope), with the view of thus effecting a 
chemical analysis of the glowing vapour Of 
elements identifiable by their spectra (or flame 
colours), the following may be named — Tl, In, 
Kb, Cs, K, Na, Li, Ba, br, Ca in most of the 
ordinary states of combination, Cu as haloid 
salts, B as boric acid or fluoride, P as free phos- 
phoric acid or PH 3 

Spectrum analysis, as everybody knows, was 
invented by Bunsen and Kirchoff Some years 
ago Bunsen brought it into a new form, in which 
a spark current, produced by means of an 
induction coil is used for the volatilisation of 
the substance, at the very high temperatuies 
thus produced, a great many elements, besides 
those named, become identifiable by their 
spectra 

Flame Tests with Reagents — Of these 
sodium carbonate is most extensively employed, 
either platinum wire or charcoal being used as 
a support 

On platinum, (1) as a mere flux, it 
identifies SiOj, given as such or as highly acid sili- 
cate, ( 2 ) in conjunction with oxygen used as 
air, or introduced as nitre — it detects Cr and Mn 
with certainty, converting the former inta 
(yellow) chromate, the latter mto (green) man- 
ganate 

When used on charcoal; m the reducing 
flame, it may bring to light, (1) S, Se, Te Any 
non volatile form of these yields a fused mass, 
containing NsijB Ac , recognisable by the black 
Btain (AgjS <ftc ) which it produces when placed 
on a silver com. and moistened with a drop of 
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water —(2) One or more of the following metals^ 
Ab, Hg, Zn, Cd, Pb, Bi, Sn, Cu, Ag, Au, Fe, Ni, 
Co, Pt The oxides and many of the salts of 
these metals when subjected to the operation 
under discussion, are reduced to the elementary 
state The metal thus liberated may assume 
the form of a visible fused bead, or remain con 
cealed in the form of fused scales or an unfused 
powder or sponge , these, however, can in all 
cases be isolated and brought to light by elutria 
tion with water in an agate mortar Part of 
the metal, in general, volatilises, and in passing 
tlirough the tiame becomes oxide If the re 
duction 18 effected in the bloivpipe flame on 
a block of charcoal (old style), part of the oxide 
in general settles down on the charcoal as a 
ring, and by its colour may aid m identifying 
the metal When, operated upon as described, 
compounds of As yield only vapour of oxide, 
which in most cases is lost altogether Hg , 
\apour of metal, which is also lost Zn, Cd , 
little or no metal, but abundant oxide rings, 
(ZnO is white, CdO brown) Pb, Bi, easily 
fusible metal, and tangible quantities of jellow 
oxide Sn , easily fusible metal, and little 
(white) oxide Cu , not easily— Ag, more easily 
— Au , not easily — fusible metal or scales, and 
no oxide Fe, Ni, Co , unfused powdery, or 
spongy, metal, which follows the magnet No 
oxide Pt , like Fe but the metal is not mag 
netic and is unacted on by HNO^Aq 

In Bunsen’s mode of operating — which con 
Bists in heating the mixture of substance and 
soda on a slender stick of charcoal m the re 
ducing part of the ‘ zone of fusion,’ the oxide is 
lost, but all the respective metals fall within the 
range of 

Bunsen's Film Tests — When the air 
holes of the Bunsen are partially closed, a 
luminous tip forms somewhere near the apex of 
the flame Many oxides suffer reduction when 
held in the centre of this tip on an asbestos stick, 
and the reduced elementary substance can be 
collected on a Berlm basin (filled with water to 
keep it cold), held over the sample across the 
flame The elements thus appear as films 
resembling the stains of As and Sb produced in 
Marsh s test The following elements chiefly 
yield films As, Sb, Te, Se , hardly attacked by 
nitric acid of 20 p c Bi, Hg, T1 , very slowly 
dissolved by nitric acid of 20 p c Pb, Cd, Zn, 
In , instantly dissolved by nitric acid of 20 p c 
By a very obvious modification of the process, 
oxide films can be produced in lieu of metallic 
ones , but we cannot go any further mto this 
matter 

Borax is always used as ahead fused to 
the end of a platinum wire Such a bead dis 
solves most metallic oxides at a moderately high 
temperature, form mg glasses, the colours of 
many of which are characteristic of the metal 
Often one metal gives two colours according to 
whether the fusion is effected in the oxidising 
or in the reducing flame , this affords additional 
means of discrimination 

Mtcrocosmic salt (or rather the fused 
Na^OPjO* produced by its decomposition by 
heat) acts on metalUc oxides pretty much as 
borax does, but its specific function is the 
detection ol silica. If a sphnter of a sihcate is 
heated m a fused meta phosphate bead, the 


2ir 

bases dissolve out, the silicfi remains in the 
characteristic form of an unfused ‘ skeleton ’ of 
the splinter 

Whatever the flame tests may have brought 
out by way of positive results, their negative 
lesults count for very little 

n Methods of Chemical Disintegration 

Substances may be divided into two classes, 
as regards the operations required to bring them 
within the range of our systematic methods of 
salt analysis (1) Such as are simple salts (we 
mean salts which can be analysed by our routine 
methods), or can be made into solutions of such 
by the application of the ordinary mineral sol 
vents, such as water, dilute mineral acids {qua 
acids), nitric acid or aqua regia [qua oxidants) 
This class comprises many minerals, and ordinary 
chemical bodies, but unfortunately (and naturally) 
we have no general test for the recognition of 
these bodies as a class (2) Such as demand 
special methods of disintegration Of the more 
commonly occurring chemical genera, the fol 
lowing may be named as falling within this 
class —{a) Fluorides, these although perhaps 
of the simplest constitution, demand special 
methods because hydrofluoric acid and all 
acid fluoride solutions attack glass and porce 
lam (6) Most silicates silico fluondes (c) 
Cyanides, especially metallocyamdes (d) Salts 
of certain complex organic acids (not cyanides) , 
m the sense that they exhibit abnormal metal 
reactions (c) Organic compounds generally , in 
the sense of ultimate analysis generally (/) 
An orthophosphates (g) Certain classes of sul 
phur compounds 

This list does not pretend to be complete, but 
it includes most bodies which the practical 
analyst is likely to come across For the second 
class of substances as a class, we of course have 
not a general test any more than we have for 
the first, but we have general tests for the seveial 
geneia, m this sense at least that we have 
general methods for the detection of their cha 
racteristic elements 

The following section is compiled partly with 
the view of supplying the necessary information 
in this direction 

General methods for the detection of 
certain elements {mostly non metals) 
and for the ultimate analysis of their 
compounds 

Silicon IS always isolated in its highly oha 
racteristic form of silica, SiOj, which is easily 
identified by the blowpipe tests given above, and 
by its convertibihty into volatile SiF^ by the ac 
tion of HF Silicon and metallic silicides, when 
fused with caustic alkali, yield alkahne silicates 
{q V ) Alkaline silicates (even if so acid as 
B 2 O 4 S 1 O 2 ) dissolve in water, forming alkaline 
solutions Mineral silicates, Slags, Glasses, tfic. 
fall within two classes according to whether they 
are, or are not, decomposable by hydrochloiio 
acid Those of the first class are finely pow 
dered and digested m oono hot HClAq until 
disintegrated, evaporated to complete dryness (to 
convert the colloidal part of the silica into the 
insoluble form), drenched with HClAq, allowed 
to stand (to re chlorinate the Al^O, and Fe^O 
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produced), treated with water, and filtered The 
aihca remains on the filter , the solution contains 
the metals as chlorides Of those of the second 
class, some are dismtegrable by hot semi cone 
H S04Aq (ex the clays) The general method 
IS to fuse the finely powdered silicate with 
KNaCOj until all is dissolved, and to analyse 
the fused residue as a silicate of the first class 
Alkalis must be tested for m another portion of 
the silicate, after evaporation with NH^FAq, 
whereby bi is removed as SiF^ and the bases 
remain as fluorides easily convertible into sul 
phates byH S04Aq (comp Fluorine) 

Aluminium —Only the forms of A 1 O, in 
soluble in acids need be considered here , these 
if finely enough divided^ all dissolve at a red 
heat in fused KOH, becoming aluminates soluble 
in water 

Chromium — All nonvolatile compounds, 
when fused (in silver) with KOH and KNO„ 
yield alkaline chromate, recognisable by its yellow 
colour and the very intensely yellow colour of 
its aqueous solution This operation constitutes , 
a general method of disintegration for the forms 
of CrjOg and chromites insoluble in acids , it 
goes a certain way even with chrome 'iron ore, 
but the complete disintegration of this mineral 
demands special methods 

Titanium — TiOj stands between S1O2 and 
Al^O, Unlike the former it is not volatilised 
by evaporation with HFAq Titanates aie de 
composed by fusion with KHb04 , the cold 1 
aqueous extract after fusion includes the TiOj ] 
which IS precipitated on boiling, as such 

Tin — The forms of SnOj (including tin 
stone) which are insoluble m acids yield bn 
when fused on charcoal with NaHCOa and KCN 
They may be disintegrated ( 1 ) by fusion with 
KOH, the SnOj becomes stannate soluble m 
water ( 2 ) by fusion with six pts S and six pts 
Na^COg, the aqueous extract after fusion con 
tains the Sn ( also any As and W that may be 
present) as thiosalt, and consequently falls in 
with a certain stage of the routine method of 
metal analysis {v tnfra) 

Carbon in any state of combination is con 
vertible into COj, which is readily identified 
It 18 distinguished from HCl and SOj by its 
scanty solubility in water, and inertness towaras 
oxidismg agents , from N, H, &c by its abundant 
solubility in solutions of basic hydrates, with 
CaO^HAq and BaO^HgAq it gives a character 
istic white pp of carbonate Carbonates (almost 
without exception) are decomposed by mineral 
acids with evolution of COj Elementary carbon 
(in all forms) burns in oxygen to COj 

Combustible Carbon Compounds — The 
methods of organic analysis {q v ) are easily 
translated into general methods for the detection 
of combustible carbon as COj It is necessary 
to punfy the CuO or PbCrO^ immediately before 
use by heating it to redness m air until it oeases 
to give off COj 

All non volatile carbon compounds can 
be burnt by heatmg them with cone H2S04Aq 
and CrO, Many volatile organic bodies unite 
readily with cone H^SO.Aq to form non- 
volatile compounds, and thus fall within the 
range of the method which obviously suggests 
itself for the detection of combustible carbon 
beside carbonate. 


Analysis of Carbon Compounds — 
I Organic acids proper (^COOH compoundB) 
need here be considered only in regard to the 
extent to which they interfere with the routine 
methods for the detection of the metals in a 
solution of salts borne (including formic, 
acetic, succinic, and many others) interfere only 
in this sense that, in their presence, the preci- 
pitate obtained by H^S in the presence of free 
acid, may include Zn, Co, Ni, and perhaps 
other metals of the iron group This dilfaculty 
16 easily overcome A large class of non volatile 
acids, including the ordinary fruit acids, prevent 
the precipitation of Fe^Og, Al^Oj, Cr^Og, CuO, 
and other metallic oxides by alkalis, and that of 
A 1 and Cr even by sulphide of ammonium In 
all diflicult or doubtful cases, it is best to 
destroy the 01 game part of the salt, which 
can be done m two ways — ( 1 ) By incineration 
which, of course, had better be postponed until 
alter the elimination of the copper and arsenic 
groups by sulphuretted hydrogen , if this has 
j been effected, Zn, of all the metals left, is the 
only one which may be lost by volatilisation — 
( 2 ) By treatment (of the dry salts) v)ith oil of 
vitriol The ultimate product contains the 
metals in the form of sulphates 

II Cyanides a Hydrocyanic acid , easily 
recognised by its volatility and specific smell 
and reactions , legardmg the latter, see b 
b The simple cyanides of the more positive 
metals (K to Ca mclusue) These are all soluble 
in water The solutions are alkaline, and gi\a 
off HCN with acids AgNOgAQ excess pre 
cipitates AgNC, insoluble in dilute HNOgAq 
When mixed with ( 1 ) excess of alkali, ( 2 ) ferroso- 
ferric salt, ( 3 ) excess of HClAq, they yield a blue 
precipitate (or green suspension) of Prussian 
blue c Cyanide of mercury, Hg(NC)o Soluble 
in water Exhibits anomalous reactions both aa 
a mercuric salt and as a cyanide But is de- 
composed by H S into a pp of HgS and a solu 
tion of HCN d Heavy metallic cyanides and 
metallocyaxudes Some give off part of their 
cyanogen as HNC, when distilled with dilute 
HClAq or H2S04Aq Many (e g prussiates) re- 
cognisable by specific tests Solutions of metallo- 
cyanides mostly give pps with AgNOgAq, in- 
soluble in dilute HNOgAq, in which the charac- 
teristic metals of the radicles can be detected 
{v Halogens) 

A general method for the detection of the 
metals in cyanides, oyanates, and thiocyanates, 
18 to heat the dry substance with cone H2S04Aq 
until completely decomposed The cyanogen 
becomes ammonia salt, and CO , the metals 
remain as sulphates About the detection of 
non metallic elements in carbon compounds, see 
sect on 8, P, &c 

Boron occurs chiefly in the form of borate. 
The presence of bone acid does not interfere 
with the routine methods of metal analysis 

Phosphorus is always isolated and identi- 
fied as orthophosphate I Orthophosphates, as 
far as not soluble in water, are mostly soluble in 
HClAq To search for phosphono acid, we 
supersaturate the solution strongly with am- 
monia, and (after filtration, if neoessaiy) add 
magnesia mixture (NH4GI and MgOl, in NB[,Aq), 
crystalline P04MgNH4 bH ,0 gradually forms, 
insoluble m dilute NH,Aq A pp formed by 
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NHjAq generally contains part, sometimes the 
whole, ot the phosphoric acid To detect the 
latter we dissolve the pp in HNO,Aq, add excess 
of a nitiio solution of molybdate of ammonia, 
and allow to stand at 40 ® C All the phosphoric 
acid comes down gradually as a jellow powdery 
pp of phospho molybdate of ammonia, insoluble 
in excess of reagent, but soluble in excess of 
acid phosphate , soluble in ammonia Both re 
actions are very delicate, and, in the absence of 
arsenic acid (which in the circumstances be- 
haves like phosphoric), highly characteristic 
Phosphates in any other state of combination 
can be brought into the orthophosphate form 
by suitable operations II Meta and pyro 
phosphates (which besides being different in their 
own reactions from orthophosphates, exhibit 
anomalous metal i;eactions), by long continued 
boiling with mineral acids, or (what is better) 
fusion with carbonate of alkali III Elemen 
tayy phosphorus, and all oxidisable phosphorus 
compounds , by treatment with HNO^Aq of the 
proper strength at the proper tempeiature 
Many organic phosphoius compounds, it is 
true, cannot be thus completely oxidised, but m 
their case, we need only neutialise the nitiic 
liquor produced with potash, evaporate to dry 
ness, and fuse the residue with KOH, to convert 
all the phosphorus into orthophosphate 

Sulphur — Analytically speaking, sulphuric 
acid is to sulphur what orthophosphonc acid is 
to phosphoius I Sulphates, m an aqueous or 
HCl solution are separated out completely by 
BaCljAq, as white, powdery, BaSO^, insoluble in 
aqueous mineral acids, and thus distinguished 
from all the baryta pps , except the selenate and 
fluosilicate BaSe04 is decomposed by boiling 
HClAq with formation of Cl and SeO , while 
BaS04 is not so decomposed The fluosilicate 
yields no sulphide on fusion with NajCOg on 
charcoal , and dissolved fluosilicates gi\e no pp 
with Si Cl Aq, while sulphates yield a pp of 
SrbO„ slightly soluble in dilute acids II Acid 
tnsoluble sulphates are disintegrated by fusion 
with alkaline carbonate, and treatment with 
water, a solution of alkaline sulphate, and a 
residue of the respective carbonate, oxide, or 
metal, are obtained III Metallic sulphides — 
Many are decomposed by HClAq with evolution 
of H^S IV The salts of the lower sulphur 
acids, when heated (in solution) wnth alkaline 
permanganate are completely oxidised with ppn 
of manganite, MnOj R O The excess of oxidant 
used is brought into the same form by addition 
of a few drops of alcohol The filtrate contains 
all the sulphur as sulphate Only dithionic 
acid does not yield readily to this process of 
oxidation All the sulphur compounds III and 
IV , including dithionates, and Tnany orgamc 
sulphur compounds^ are oxidised completely by 
hot, suflficiently cone HNO,Aq Volatile com- 
pounds (such as CS2) must be manipulated in 
a sealed glass tube From some organic bodies 
only Bulphomc acids are produced , but these, 
when fused with KOH and KNO, all yield up 
their sulphur as sulphate 

All oxidisable sulphur compounds are com- 
pletely oxidised to sulphates by the action of 
basic reagents (hke NOgCO,, CaO, &c ), and KNO„ 
or even oxygen gas, at a red heat All non 
volatile tnlphur eompounds yield alkahne 


sulphide when fused with Na^COj on charcoal in 
the reducing flame {v Iiamk Tests) 

Selenion and Tellurium are closely 
allied to sulphur, but must be passed over 

Nitrogen, in all states of combination, is 
susceptible of elimination as nitrogen gas, 
recognisable by the methods of gas analysis 
Another less general, yet widely applicable and 
more convenient, method is based upon the 
conversion of the element into ammonia 

I Ammonia , recognisable by its smell, its 
great solubility in water, its ready union with 
HCl to form solid NH^Cl, &c The least traces 
of NHj, or NH4 salt in water, are detected by 
Kessler’s reagent (a solution of Hglj and KI 
m KOHAq) , iodide of mercurammonium 
separates from moderately dilute solutions, as a 
brown pp , and even in the most dilute solutions 
IS visible as a brown or yellow colour II 
Ammonia salts , many amides (mcluding all 
acid amides) when distilled with caustic alkali, 
yield NHg which passes into the distillate III 
Nitrates and nitrites in alkaline solutions are 
reduced by nascent hydrogen (KOHAq and Al) to 
NHj IV Metallic nitrides, and all organic 
nitrogen compounds not containing their nitrogen 
in the foim of oxygenated radicles or in the 
diazo form, when burnt with soda lime yield 
their N as NH^ 

Fluorine Most metallic fluorides, when 
treated (as powders) with cone HjSO^Aq in a 
I platinum crucible at a gentle heat, give off HF, 

I recognisable by its etching glass and even rock 
ciystal For the purpose of metal detection, the 
mass must be evaporated until a tangible quantity 
of sulphuric acid has gone off as a heavy vapour 
The bases remain as sulphates 

Mixtures of fluorides and silicates, when 
I heated with cone H^SO^Aq give off SiF4, decom 
posed by water into H^SiF^Aq and a gelatinous 
pp of SiO , which, however, may be invisible 
To detect the fluorine, add excess of ammonia 
to bring down all the silicon as silica (which 
filter off) and evaporate the filtrate in platinum 
on a water bath nearly to dryness Residue is 
fluoride of ammonium 

Fluosilicates Those of the most basylous 
metals when heated dry break up into S1F4 and 
a residue of fluoride Fluosilicates generally 
behave to boiling alkali solutions as if the silicon 
were a basylous metal 

The Halogens (Cl, Br, I) I The elemen- 
tary substances are recognised by their very 
characteristic properties When treated with 
zinc and water, they all dissolve as haloid salts of 
zinc (ZnCl^, &c ) II Haloid salts , mostly 
dissolve in water or m HNOjAq Even from 
the latter solution, the halogen is completely 
ppd as haloid salt of silver, insoluble in dilute 
mineral acid HI The oxygen acids of the 
halogens (Penodio acid ignored ) Of these 
only bromic and iodic give silver pps insoluble 
(or soluble with difficulty) in cold dilute,HNO^q. 
All the rest form soluble silver salts Their 
alkali and alkaline earth salts when heated dry 
give off oxygen and become haloid salts With 
the only exception of perchloric acid they are 
all reduced by SO^Aq to halogen hydride (s.p 
HCIO, to HCl) Hence on obvious IV Re- 
latively general method for the detection of 
halogen vn a solution salts. The solutioa 
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(which we will assume to be neutral or acid) is 
nuxed with excess of SO^q and AgNOjAq, the 
pp IS allowed to form, and then treated with 
HNOjAq, to remove foreign salts (including 
AgjSOj which 18 not very readily dissolved) The 
pp contains all the halogen of the solution, 
(except that of the perchloric acid) , but it may 
besides contain — if it does not consi st of — cyanide, 
thio cyanate, and metallo cyanates, of silver, 
(not to mention the sulphide which is easily kept 
out) An analysis can be effected by calcining 
the dry pp with chemically pure soda lime, 
preferably in a current of moist hydrogen The 
nitrogen of the cyanogen radicles goes off as 
ammonia, which is easny identified The 
residual product contains the metals of the 
metallo cyanates as oxides, the silver as metal, 
the sulphur of the sulphocyanogen as alkaline 
sulphide, and the halogens as alkaline haloids 
V Organic halogen compounds All these, 
when burnt with quick lime m a combustion 
tube, yield up their halogen as haloid salt of 
calcium, extractable by cold, dilute, HNOgAq 

III Methods for the Systematic Examination of 
a Solution of Salts for its Metals 
can be given only on the basis of restrictive 
assumptions We assume, in the outset at least, 
that the solution is so constituted that it might 
have been prepared by dissolving a set of basic 
or acid metallic oxides in aqueous mineral acid 
or alkali, and that certain rare oxides and 
certain rare combinations of things are absent 
Some of the cases lying beyond this programme 
are dealt with in appended notes to which refer 
cnce is made in the context For the sake of 
generality, however, we assume that all the more 
ordinary metallic radicles may be present It 
evidently would not do to search for them mdi 
vidually and seriatim , the only course one could 
reasonably think of is to begin by splitting up 
the given complex group of metals into a number 
of groups, so that each of these shall contain the 
whole of, and nothing but, certain metals. A, B, 
C, , to then apply the same principle to the 
groups , and then to the groups of the second 
order, and so on until one arrives at last at 
either the individual metals, or at groups of such 
smallness that the side by side recognition of 
their members offers no difficulty This, at any 
rate, is the course which is adopted by every 
chemist The table on p 221 in its first vertical 
column names the genenc reagents which are 
customarily used for the formation of primary 
groups, and shows how these act on solutions of 
the groups of oxides named m the successive 
column headings For the separation of the 
groups from one another it is obviously expedient 
to begin by eliminating the silver group by 
means of hydrochloric acid, which must be added 
in instalments until the solution is decidedly 
acid, and, if a permanent pp appears (which 
with us can consist only of these three chlorides), 
until the ppn is completed.* Thepp contains 

* If the Bolntion contains Tl, the metal passes for the 
most part Into the pp where It is easily detected by 
•pectrum analysis. The charaoteristio solubility of Its 
chloride in Ka,COaAq enables one to separate it from the 
ordinary silver-group ohlorldes. 

In an alkaline tolution of tallt generally^ HOlAq may pro- 
duce a great variety of permanent ppg. other than silver 
Kruup ohlorldes Por the purpose of a mere metal -analysis 


all the silver and mercurosum as AgCl and 
Hg^CL^, but only part (if any) of the lead , a small 
quantity of this metal always passing into the 
filtrate From the filtrate the copper and arsenic 
groups are ppd conjointly by means of sulphu- 
retted hydrogen Before applying this reagent, 
however, we must make sure of the at least 
relative absence of nitrous, nitric, and cnloiio, 
acid and other oxidising agents which, while 
not easily or completely reducible by H^S would 
at least tend to oxidise it and impede its normal 
action Any of the three oxidants named can 
be expelled by repeated evapoiation to a small 
volume with cone hydrochloric acid ^ The 
last residue is diluted with the proper propor- 
tion of water, and (heedless of any insoluble 
oxychloride that may separate out) treated with 
sulphuretted hydrogen, first at about 70° to 
make sure that As Oj is completely reduced 
to As Oj, and its metal ppd (as As^Sj + S), 
and then again after cooling, or else part at 
least of the cadmium and other copper arsenic 
group metals, whose sulphides are rather 
unstable in opposition to aqueous acids, would 
escape ppn 

On account of the metals just referred to, 
wo must see that the quantity of free mineral 
acid is not excessive, but is sufficient to pie\ent 
the ppn of the zinc, which from only feebly 
acid solutions is liable to pass into the sul- 
phuretted hydrogen pp 

The ppd sulphides are collected on a 
filter and washed with very dilute sulphuretted 
hydrogen water, to constantly re sulphurise 
what may have become sulphate by the action 
of the air, the first instalments of wash water 
being acidified to the extent of the mother 
liquor, to prevent ppn of the zinc In order 
now to separate the two groups, the pp is 
digested on a water bath heat with undiluted 
yellow sulphide of ammonium , an excess of 
sulphur in this reagent being necessary, chiefly 
on account of the stannous sulphide, SnS, 
which becomes soluble only through conversion 
into stannic, SnSj To effect a complete sepa- 
ration, the treatment with sulphide of ammo- 
nium may ha-ve to be repeated with the first 
residue The copper group sulphides are filtered 
off and washed with warm water mixed with a 
little sulphide of ammonium From the filtrate 
the arsenic group sulphides are reproduced by 
acidification with dilute sulphuric acid, after 
expulsion of the dissolved sulphuretted hydrogen 
by a gentle heat, they are filtered off, and 
washed with plain water (sulphuretted hydrogen 
water would dissolve sulphide of arsenic As^S,) 
The pp IS liable to be contaminated with 
sulphide of copper , this can be eliminated by 
treatment with warm dilute caustic potash, 
which dissolves the arsenic group sulphides 

a pretty safe rule Is this If a solution on adding HClAq 
gives an abnormal looking pp repeat the experiment itU 
HNO^q if no permanent pp Is produced, HClAq will 
act normally as a chloride if a pp Is formed, it must be 
filtered off and analysed for the metals that may be in it, 
(as sulphides eg As^S, or chlorides such as AgCl &c , 
dto ) The solution, as a rule, is now fit for treatment with 
hydrochloric acid, &o 

• In evaporating a solution of metallic oxides wi»^h 
HClAq, It is as well to remember the volatility of AsOl,, 
SbCl„ BbCl„ SnCi* BlCl,. The evaporation u best con- 
ducted in a retort, and these rolatile chlorides are seal ched 
for in the distillate. 
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only From the filtrate, these sulphides can be 
recovered by acidification, in their original 
form After elimination of the copper and 
arsemc groups, the barium qroup may be scpa 
rated out by means of sulphuric acid The 
barium comes down at once (as BaSOJ, the 
strontium gradually, on standing and keeping 
warm From the filtrate from these two sul 
phates the calcium can be ppd , after due con 
centration, by judicious addition of alcohol, 
and allowing to stand for, say, 12 hours The 
calcium sulphate is filtered off and washed, 
first with dilute, and lastly with strong, alcohol 
The filtrate, after removal of the alcohol, is 
ready for the elimination of the iron group, <fec 
This method is the best that can be adopted if 
an analysis for the barium group metals is our 
principal object, it also offers certain other 
specific advantages , yet the majority of chemists 
prefer (after application of sulphuretted hydro 
gen in the piesence of acid) at once to separate 
out the iron group^ by means of sulphide of 
ammonium The addition of this precipitant 
must of course be preceded by the neutralisation 
of the free mineral acid of the solution with 
ammonia, if a sufiiciency of sal ammoniac is 
not thus produced incidentally, some sal am 
moniao must be added, to bring the pp into a 
fit condition for filtration But we have no 
space for these technicalities, and accordingly 
assume the pp to have been filtered off and 
washed with warm water mixed with some sul 
phide of ammonium, so as to remove the whole 
of the mother liquor This liquor, by theory, 
contains the whole, in practice it may be as 
Burned in general to contain the bulk, of the 
barium group metals and of the magnesium, in 
addition to the whole of the alkalis For its 
analysis, the barium group is ppd by means 
of carbonate of ammonia added to a w aim solu 
tion In the presence of ammonia salts, of 
which as a rule there is more than enough, 
only the barium group metals are ppd as 
carbonates , the pp is collected on a filter, and 
washed with hot water Part of the filtrate 
serves for the detection of magnesia by means 
of ammonium phosphate Ihe rest of the 
filtrate is evaporated to dryness, and the residue 
calcined The ammonium salts volatilise, or at 
least their ammonia does, and there remains a 
residue containing only magnesium and alkali 
metals, which latter can be detected without 
elimination of the magnesium by suitable 
methods 

In regard to the analysis of the groups, our 
space does not permit us to do more than 
Siiortly indicate how the sulphide of ammonium 
Tip (which may be of very complex composition), 
can be split up into minor groups Before doing 
so, let us state that in the presence of represents 
tives of a certain group of acids which includes 
H8p04,HF,H8B0j, and certain organic acids, e g 
oxalic, the pp is liable to contain part, or all that 
there is, of banum group metals and of magne- 
sium, as salts of the acids named A thoughtful 
analyst takes care to keep these inconvenient 
acids out of the solution , but the introduction 
of phosphono acid is often unavoidable, and we 
therefore assume it to be present Whether this 
acid IB present or not, the cohalt a/nd nickel 
eaa ehnunatad, approximately at least, by 


treatment of the pp with cold, dilute* HClAq, 
and removed by filtration The filtrate is next 
tested for iron, best by adding a few granules 
of chlorate of potash and boiling, when the iron 
assumes the form of ferric salt, and becomes 
visible by the intense yellow colour of its hot 
hydrochloric solution, and at the same time 
assumes the right form for the next step, which 
aims at a separation of the metals present as 
Fe Clfl, Al^Clg, Cr^Clg, and the phosphates, from 
the metals (manganese, zinc, &c ) present as 
dichlondes Of the various methods which we 
ha\e for their sepaiation, the most convenient 
for general purposes is the following — 

After having made sure of the complete 
reduction of the manganese (Mn2ClJ to man 
ganous chloride by sutlicient boiling with hydro 
chloiic acid, we allow to cool, dilute pietty 
considerably, and next add (sal ammoniac if 
necessarv, and) ammonia, diop b> drop, until 
the mixture is alkaline We then (vvithout 
losing time and gning the oxide of manganese 
much chance to get per oxidised), boil until 
the vapours cease to smell of ammonia, and 
filter The pp contains all the iron, alu- 
minium, and chromium and all the phosphoric 
acid as lime salt, or in other forms , the filtrate 
contains at least part of the zinc, manganese, 
and in general part of the rest of the protoxides 
If the sesquioxide pp is bulky, it must be re 
dissolved (after a few washings) and re produced 
by a repetition of the first operation From the 
piotoxide filtiate, the zinc, after acidification 
with acetic acid, can be ppd pure by fractional 
ppn with sulphuretted hydrogen water m the 
cold The manganese, traces of nickel and 
cobalt, and in general much lime, barj ta, and 
strontia, remain dissolved 

The sesquioxides pp * (if chromium be pre 

• TTiP eobolf nicM pp never contaln'i the whole of these 
metals part passes into solution and Ultimately finds its 
wav into the protondefillmte In addition to its normal 
components it is liable to contain sulphide of zinc, and 
perhaps traces of other iron f^roup meta's and any 
cadmium antimony dtc that mv\ have been allowed to 
slip into the filtrate from the su'phurettcd hjdrogen pp 

* If the solution contains unwium this in our scheme 
of analysis goes with the iron and consequently has to be 
looked for in the sesquioxide pp from which it can be ex- 
tracted b} digestion with warm concentrated solution of 
carbonate of ammonia To pass now to a number of rare 
metals which we have so far entirely Ignored 

Falladium in our system belongs to the copper group 
It is characterised chiefly by the utter insolubility and 
black colour of its iodide 

Flatinum and gold go into the arsenic group only the 
sulphides are not easily soluble in alkaline sulphides In 
almost all practical cases they oan be kept outside the 
solution Intended for the detection of the metals by suit- 
able methods If they are unavoidablj present they are 
best separated out the gold by ferrous chloride (as 
metal) the platinum by means of solid sal-ammoniao 
added to the concentrated solution os PtClafNII*),, which 
must be washed with the least possible quantity of a solu 
tion of the precipitant 

Titanium as TiO„ In the analyst s sense stands 
between SiO, and A1,0, In our system it goes with the 
Al.O, 

Beryllium behaves to our group reagents like A1,0, but 
it is far more easily soluble in sal-ammoniao than alumina 
is Unlike it, it dissolves in carbonate of ammonia, and 
does not form an alum 

The rare earth mtffoif, cerium, lanthanum, dso , &o , must 
all be passed over here 

Lithium (easily detected by speotrum analysis) behaves 
on the whole like K and Na, but unlike them forms an 
insoluble phosphate producible by evaporating its solution 
with phosphate of soda plus oaustiosoda (< e with Na,PO«), 
to dryness, and treating the residue with water, when it 
remains. Innm magnesia (if ammonia salts are absent) it 
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sent) 18 best snalysod by fusion with caustic 
potash and nitre in a silver dish, and treatment 
of the fused mass with water Should the 
Bolution be green fiom manganate, this must be 
reduced (to MnO^) by addition of a few drops of 
alcohol and heating The mixture is then 
filtered The filtrate contains the chromium as 
(yellow) chromate, the aluminium as aluminate, 
and part, m general, of the phosphoric acid as 
phosphate The residue contains oxide of iron, 
magnesia (MgO), and possibly barium group 
metals as phosphates 

The Determination of the Non- 
Metallic Components — Our systematic 
methods for the detection of the metals con 
tamed in a solution of salts are far less ham 
pered by onerous conditions than are most of 
our methods of acid detection Hence the 
general rule to first complete the analysis for 
metals before attempting the systematic and 
exhaustive search for the non metallic compo 
nents How far the solutions obtained in the 
disintegiations are available for the latter 
purpose, and the respective methods of proce 
dure generally, depend chiefly upon whether 
we merely aim at the detection of the non 
metallic elements as such or at that of the acid 
radicles contained in the substance All ve 
could say m regard to the former case is antici 
pated in the section on the ^Detection of 
certain elements, <£c ’ (p 217) and the latter 
18 not susceptible of being treated instructively 
in general terms In regard to it we must refer 
to the special hand books 

Quantitative Analysis 

The general problem of quantitative analysis 
defines itself Its solution, scientifically at 
least, assumes its simplest form, if the thing to 
be analysed is given as a free substance and the 
(let us say one) component to be determined can 
be separated out exhaustively in the foim in 
which it 18 meant to be reported In such a 
case all that is required, in addition to the 
analysis proper, is the numerical defimtion of 
the two quantities concerned Of the several 
direct methods which we have for this purpose, 
only two need be mentioned , one is to measure 
tlie volume of the body under stated conditions 
of temperature and pressure, the othei is to de 
teimine its weight The former method is 
confined in practice to gases and liquids, the 
latter is applicable, and indeed is applied, to 
bodies of all kinds, and, when we have choice, 
applied preferably The volume of a body is a 
function of temperature and pressure, and its 
numerical statement is consequently encumbered 
with the necessary reference to — in general — 
two corresponding standards, the weight of a 
given body depends only on the intensity of 
gravity, and even this variable in practice is out 
of court, because, m chemistry we always use 
that well known method of relative weighing 
which measures the weight of the body not in 
terms of a unit force but as a multiple of the 
weight, at the time and place, of an adopted 
standard mass, viz the unit piece of our set of 

is separated by solation of baryta in a warm liquid whioh 
pps only the magnedium as M(^(OH), 

Rubidium and ccetium, in any soheme of analysis, follow 
potassium to the end. 


weights The result of such a weighing inde- 
pendent of the prevaihug force of gravity, and 
consequently not subject to any variation , it 
consequently, at least, indexes the mass with 
perfect dehnitenebs We, moreover, know that 
it IS independent of any chemical change within 
the body (or set of bodies) weighed A mass of, 
for instance, sulphide of copper weighs precisely 
as much as the two components did conjointly 
Hence for chemical purposes our method of 
weighing might safely be viewed as a method of 
true mass measurement, even if Newton had not 
proved that equal weights (chemically deter 
mined) correspond to equal inertias 

The method of direct quantitative analysis 
explained is the only one which suggests itself 
when the component to be determined is a 
chemically indefinite mixture (such as for 
instance the mixture of salts contained m a 
natural water) , it applies to a good many other 
cases, but of course breaks down whenever the 
body to be determined is an imaginary radicle 
such as SO^ or CIO3, &c In such cases (and 
many others as a matter of expediency) we 
determine the component by one or other of our 
indirect methods of mass measurements , which, 
however, all come to this, that instead of the 
unknown mass x, we measure some other quan 
tity q, which bears to a; a known fixed relation, 
x=f{q^m), where m is a mass which must be 
measured diiectly, although the analyst does not 
always do this at the time, or himself at all 
Most of our determinations in analysis are 
uncertain by at least 0 001 of their values, and 
a higher degree of relative precision is afforded 
by any fair ordinary balance But the nature 
of our methods c impels us, in general, to woik 
on small qiianldies — we rarely care to start 
with more than one gram of a given solid — 
and besides the products to be weighed can in 
most cases not be placed on the baie pan, but 
must be shut up in apparatus weighing perhaps 
100 or 1000 times as much as themselves The 
net weight then comes to us only as a small 
difference between two large weights directly 
deteimined So it comes that even for the ordi 
nary routine of quantitative analysis, we need a 
balance Tvhich to be generally useful should 
carry about 100 grams on each side, and with 
this charge turn distinctly with anj thing greater 
than, sa> , 0 2 milligrams 

The Chemical Balance * 

In its present form the chemical balance is 
nothing more than a refinement upon the ordi 
nary beam and scales to be seen in any grocer’s 
shop, it 18 a more perfect realisation of the 
same ideal machine There is an absolutely 
rigid beam, suspended so that while it oscillates 
freely about a certain axis, every point of which 
is fixed in reference to the stand, it cannot per- 
form any other motion From two points 
which he m the same plane with the axis of 
rotation — one a near the left, the other b near 
the right, end,— the pans are suspended by 
means of absolutely flexible linear strings ▲ 
and D are equidistant from the axis of rotation 
The form of the (ideal) beam is arbitrary , so m 

• Portly abstracted from the writers memoir Ueher 
die WaagedetChemikert (^ZeU*chriJ% fiir inatrwnmttiikwidu 

1B81, sn 
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tt sense is its mass, which, however, must be so 
distributed that, supposing the line a b to be 
horizontal, the centre of gravity of the empty 
beam lies vertically below, though very near, 
the axis of rotation Let us at once add that in 
the actual instrument the weight of the beam 
should be no greater than is necessary to ensure 
to it sufficient stability of form in all circum 
stances, because the greater the weight of the 
beam, the greater {ccBt par ) the friction in the 
axis of rotation, and the greater the time of 
vibration 

Of the difl&culties mvolved in realising the 
ideal machine, that of producing a light and yet 
practically inflexible beam seems to have rested 
most heavily upon the minds of the earlier 
makers , but there can be no doubt that many 
of their efforts in this direction (which occasion 
ally resulted in what we should now call fan 
tastical beam forms, such as hollow ellipsoids or 
double cones, monstrous skeleton forms, Ac ) 
must be traced back to their inability to reach 
a sufficient degree of precision in the geometric 
adjustment of the three pivots, and their thus 
charging against the flexibility of the beam what 
was really owing to these defects in the adjust 
ment As these difficulties were overcome, beams 
assumed less fantastic forms Sacre, of Brussels, 
we believe, never uses any but plain rod shaped 
beams for even his finest instruments, most 
balance makers, however, prefer the form of a 
largely pel f orated rhombus or flat isosceles 
tnangle , and therebv attain all that is needful 
even for the best instruments without offending 
the eye by unduly stretching the maximum sec 
tion, or without using anything more rigid, 
intrinsically, than hammered brass or some 
kind of hard bronze ' 

In all modern balances the axis of rotation 
is sought to be realised in a straight knife edge 
ground to a prism of hard material, which is 
firmly fixed to the beam traversing it cross wise, 
and rests— in the best balances along its entire 
length — on a horizontal, plane, (and equally hard) 
bearing fixed to the stand The arrestment is so 
contrived that, besides doing its primary duty, it 
secures to each point of the knife edge a fixed 
position on its bearing whene\er the balance 
works In former times both bearings and knives 
used to be made of hard steel , subsequently 
agate bearings came to be combined with steel 
edges, and this is still the most popular com 
bmation , although Robinson long ago introduced 
agate kmves in conjunction with agate bearings 
The agate knife adds nothing to the precision 
or mechanical durability, but for laboratory 
balances offers the great advantage of rendering 
the svstem proof against acid vapours , accord- 
ingly it IS gainmg more and more in popularity 
Quite lately an American has introduced as a 
material for both knives and bearings that very 
hard (and acid proof) alloy of osmium and indium 
which is used for the tipping of stylograph 
pens 

The point pivots, k and b, used to bo realised 
visibly by means of two circular knives fixed to 
the end of the beam so that their working edges 
■were parallel to the axis of rotation From the 

* Fw farther {nformation reffanling this question we 
refer to the liter i memoir quoted in footnote to p 223 


lowest points, the pans were suspended by means 
of ? shaped hooks of steel wire In this way 
a very high degree of precision can be attained, 
and the system when well executed is more 
durable than one would think, but with balances 
used for heavy charges it cannot possibly last 
for many years 

In the better system introduced by Robinson 
of London half a century ago each extiemity of 
the beam is provided with a knife edge similar 
to the central one (except that it is turned up- 
wards) , on each knife edge rests a stirrup shaped 
(or J shaped) contrivance, terminating in a ring 
below, and from this ring the pan is suspended 
by a hook This, of course, comes to the same 
as if the pan were suspended from the projection 
of the working point of the hook and eye arrange- 
ment on the respective knife edge , so that the 
lattei need not be absolutely parallel to the axis 
of rotation Flat end bearings demand a some- 
what cumbrous and expensive appendage to the 
arrestment to secure to each point of every edge 
a fixed position on its bearing m the working in 
strument Hence Staudmger, and man} others, 
prefer to combine (long) end knives with roof 
shaped bearings, which, in virtue of their shape, 
fall into their prescribed positions without 
external aid 

In now passing from fundamentally impor 
tant to subsidiaiy points, the arrestment ought 
to be taken up first , but we could not possibly 
do justice to this (practically all important) sub 
ject without workman like drawings and lengthy 
descriptions We therefore pass on at once to 
the needle which serves to define the position of 
the beam in reference to the plumb line 
! In the precision balance the needle is made 
' to point downwards towards a scale fixed to the 
lowest convenient point of the pillar The zero 
point defines the ‘ normal position ’ of the beam 
le that position m which its centre of gravity 
lies vertically below the axis of rotation The 
scale IS so divided that the radii drawn from the 
axis of rotation through the marks divide the 
tangent to the circle described by the oscillatmg 
needle, at the zero point, into pieces of equad 
length, which in most practical cases means 
mto degrees of equal angular value 

To avoid the use of small weights, each arm 
of the beam, in most balances, is divided into 
ten equal parts in the sense that the projections 
of the marks on the line k b connecting the two 
point pivots divide the distance from the 
central pivot to (say) b into ten equal parts A 
rider weighing ten mgms , when suspended on 
mark 1, 2, 8 , Ac , acts like 1, 2, 3 , Ac , mgms 
placed on the pan In most balances, however, 
points 0 and 10 are inaccessible Becker’s 
Sons, of Rotterdam, avoid this inconvenience bv 
dividing each arm mto twelve equal parts, and 
providing a rider of twelve mgms weight Some 
makers make the top bar of their beams straight 
and exactly parallel to the plane of the three 
pivots, and let it project beyond the terminal 
edges, besides keeping it clear of encumbrances, 
BO that the rider can move freely from one end 
of the beam to the other This system, besides 
its obvious advantages, admits of the use of 
heavier nders , because the increase m sensibility 
caused by the presence of the rider is the same 
mt any position which it may have, only the 
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nder in snoh cases must be counted part and 
parcel of the instrument * 

In proceeding now to develop the statical 
theory of the precision balance we will assume, 
for a first approximation, that the three pivots 
are physically and geometrically perfect in 
themselves, but, for the sake of greater gene 
rality, we will not assume that the knives are 
exactly m their intended positions Imagine a 
system of rectangular co ordinates fixed to the 
beam so that, while the z axis coincides with 
the axis of rotation, the x axis goes through the 
centre of the middle knife, and runs parallel to 
the line a b which joins the two point pivots 
Let the co ordinates of a and b, of the centre 
of gravity of the empty beam, and of a certain 
point c to be defined presently, be as follows 
A B s, O 

® — Z' + Z" 0 

+h* +h* So Vo 

Let p' denote the total charge from a, p" 
that from b, and w^ the weight of the empty 
beam , the joint effect of these three weights is 
the same as if they were all concentrated in some 
point c at x = Xo and y*»2/o For calculating 
purposes ^^e may assume gravity in one case I to 
act in the direction of the y axis, and m a second 
II in the direction of the x axis , we then have 
(Case I ) p'Z" — p'Z' = (p' + p" + wJXo I 
(Case II ) (p' + p")7i + w^s^ « 

(p' + p"-f w)(p' + p" + wjy^ II 
In any sensibly constructed balance things 
are so arranged that, under all circumstances 
that come into practical consideration, the 
centre of gravity o of the whole system lies 
outside and below the axis of rotation (i e that 
> o) Assuming both Xo and to have 
positive values, and the beam to be left to 
itself in its normal position, it will turn, and 
tend to assume that position in which o lies 
vertically below the axis of rotation The radius 
oc then describes an angle equal to that which 
separates oo from the y axis, and obviously, 


tan a 


Vo 


v' I " — 

(p' + p")7iw„S(, 


III 


To bring the equation into a handier form 
for our purposes, let us separate p' and p" into 
Iiarts, thus, p'=p'o+p', and v"=p\+p" where 
the p„3 stand for the weights of the empty 
pans, which are always so adjusted thatp'„Z' = 
7", let us then lumpp'o+^"o with the weight 
of the beam as w = w„ +jp'o write 


tan 


p"l"—p'V 
““ (p'+p") + ws 


Ilia 


where s has an obvious meaning We then 
have for Xo the equation 

p"Z' -p’V = iv' +p" + w)Xo 
This equation may be said to state the theory 
of the ordinary method of weighing To find 
the weight p' of a given body we place it on the 
left pan, and then try heavier and lighter com 
bmations of standards on the right, until we 
have found out that one (representing p" 
grams) which reduces to nothing, so that the 
balance is at rest at, or it vibrates about, its 

p'T 

normal position We then have p'=.*~r 


* For more exact information see the writer’s memoir, 
page 822 

• + means ‘ below 9 * 

Von I 


In formulating the relation between a sfiiall 
overweight on one side and the corresponding 
angle of derivation a, we may take V «» V (as it 
really IS very nearly in all well adjusted balances), 
and (for p' «»»p and p ' *»p + A) write 

tan a . . IV 

ws + 2p/i 

where a means the angle through which the 
position of rest turns in consequence of the 
addition of A units of weight to the right pan, 
the charge before having been a-p on each 
side 

In practice tan a is measured in degrees of 
the scale Supposing a corresponds to n degrees 
of the scale, and the index length is J in 
degrees, we have 

” - a; y 

j ws + 2ph 

The ratio ^ defines the sensibility of the 
balance , we have for it 
n I J 

A ws + 2pfi • ’ 

and for its reciprocal,—^ , the weight value of 
1° of the scale, 

1 _ vs + 2ph 

E 2 J 


For h = 0y the term 2ph vanishes, and the 
sensibility becomes independent of the charge 
In the actual instiument is a function of the 
charge, of the form 2i = 7io + /8p, where $ is a 
small constant depending on the coefficient of 
elasticity and the coiifiguiation of the beam 
For a given charge, a good maker has no 
difficulty in bringing h down to less than ± 0 01 
mm The best instruments are so adjusted that, 
for a certain medium charge, /i«0, so that for 
p = 0 it has a small negative and from p = 
maximum charge a small positive, value The 
relative change in the sensibility involved m 
passing from p“0 to p=p, is shown by the 
equation 

__ 2ph 
E/* ws 

and consequently is the less (ccet par), the 
greater s, le the less the initial sensibility, 
Efl It (i e the left side of our equation) comes 
to its minimum (assuming p to represent the 
maximum charge) if the balance is so adjusted 
that, for the charge 0 83 p, = 0 Supposing 
this rule to be generally adopted, the relative 
inconstancy of the sensibility is independent 
of the arm length (see the writer’s memoir, 
p 318) 

No balance is complete without a ‘ gravity- 
bob,’ a small button or sphere of metal attached 
to a wire which stands vertical on the top of 
the beam (m the y axis) so that it can be 
screwed up and down into any position Matters 
are arranged so that when the bob is quite 
down the sensibility is below the lowest value 
we care for, while, by screwing up the bob to its 
highest place, we can brmg 0 mto, and even a 
little to the wrong side of, the axis of rotation 
Hence it would appear that, by screwing up the 
bob sufficiently we can get our balance to turn 
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visibly with say 0 001 milligram or anything 
less that we might care to name So indeed it 
would be if our fundamental assumptions could 
be — and were— realised In practice, however, 
the knife edges are not absolutely straight nor 
the bearings absolutely plane, and neither are 
absolutely rigid Hence the three axes, instead 
of being always at a; a, o, b respectively, so to 
say oscillate irregularly, each from « — A to 
IS + A, where x is the theoretical x In going 
more fully into the matter we see that as a con 
sequence the balance at a given charge (say 
left , p right) 13 in a state ot indifferent equili 
num within a small angle ± )3, which, of course, 
IS the greater the greater is e But the weight 
value € of this angle is constant, and is governed 
by some equation like 

where ‘ A ’ is meant to lump the joint effect of 
the three As previously referred to ( may 
be called the ‘ inherent error ’ of the balance 
There is obviously no use in screwing up the 
bob any further than necessary to render this e 
(i c angle $) distinctly visible It may be in 
expedient even to go so far, because, in practice, 
we never aim at the absolutely true weight, but 
at a value sure to differ from it by no more than 
say ±01 mgm The angle corresponding to 
this need not be more than distinctly visible 
To make the angle greater than necessaiy 
needlessly adds to the time of vibration which 
may already be inconveniently high Because 
the time of vibration {t in seconds) is governed 
by the equation 

I ^^0 2(j>o + y)) } VIII 

jR { WoS(, + 2(no+i))/i } 

where E denotes the length of the pendulum 
beating seconds at the place of observation 

denotes the momentum ineitice of the 
empty beam in reference to the axis of rotation 
The denominator of eq VIII suggests the 
expression given in eq VII for the sensibility 
E Combining the two we have 

{ (;cWo + 2j7,) + 2p} E IX 

The bob enables us to choose our own e, or our 
own t (for a named charge), but it does not 
enable us to choose both We of course refer to 
a ready made balance , in the hands of a me 
chanician who designs a balance for a stated 
purpose, I becomes an arbitrary variable, and 
the equation then assumes somethmg like this 
form 

=* Z(o + khl + 2p) B X 

where c and h are constants whose meaning is 
sufficiently apparent In words Whatever 
(reasonable) value for e may have been fixed 
upon we can bnng down t (for say jp = 0) to any 
desired figure by making I sufficiently small. 
But where shall we stop ? For high class 
balances intended to weigh up to 100 grams, 
mechanicians used to draw the hne at Z •= 180 to 
200 mm These values (perhaps more iy dint of 
habit than on rational grounds) were retained 
until about twenty years ago, when P Bunge, 
of Hamburg, introduced a new form of the m 


strument, in which the arm length Is reduced 
to some 60 to 66 mm Thanks to the general 
excellence of Bunge’s work, these short beams 
soon became very popular among both chemists 
and mechanicians , and it therefore is woith 
while to inquire what their specific advantages 
as short beam balances amount to 

lor this purpose the writer, some years ago, 
determined the constants of eq X for a very 
excellent Oertling (hectogram) balance, which 
he has in his possession, (its 184 mm ), and, 
taking it as a general model for an imaginary 
genus, calculated the values of t for a number 
of charges and sensibilities, assuming I to be 
equal to (a) 180 mm and (6) 00 mm He 
found for 

I E = 2 degrees of the scale per 1 mgm, 
of over weight ' 
if Z = 180 mm 60 mm 

forp==0,f= 7" 7 3"G 

The short beam obviously vibrates too fast for 
high precision vvoik To set this right let us 
screw up the bob on both sides, so as to double 
the sensibility We now have 

II e = 4 deqrees per mgm 


if I ~ 180 mm 00 mm 

forjD= 0, 11" 0 5" 2 

as y) = 80, t— 14" 8 7" 8 

asp =100 Z= 21" 2 11 '0 

t,,, 193 2 23 


The times of vibration no doubt assume the 
more convenient values in the shorter beamed 
instrument But what does this amount to 
practically In our opinion not to as much as 
some people seem to think We are inclined to 
think that the short beam offers material advan 
tages to those who are accustomed to the dead 
heat method of weighing (see below) All those 
who prefer the method of vibration will on 
the whole, we think, fare better with the old 
foim of the instrument But this, to be com 
plete, should be provided with the two following 
auxiliary contrivances of the writer’s invention 

I An auxiliary small bob^ attached by 
mere friction to the upper part of the needle, 
which has the form of a triangular prism and 
18 (virtually or actually) graduated, so that one 
IS able, at a moment’s notice, to give to the 
weight value of 1° of the scale any convenient 
pre determined value, to make it equal to 
exactly 2, 1, 0 5, 0 2 &c mgm as he may please 

II A microscopic ai-rangement * for reading 
the excursions of the needle A narrow ivory 
scale, divided into very small degrees is fixed 
to the needle near its lower end, so that a micro- 
scope which IS fixed slantingly to the stand but 
passes through the central (fixed) portion of the 
front pane enables one to read it The micro 
scope has a vertical wire in its focus , this wire 
appears as a vertical line ciossmg the image 
of the scale Every degree of the micro scale 
corresponds to exactly 0 1 degree of the ordinary 
scale, which latter does duty as usual As the 
microscope reverses the image, the apparent 
motion of the ‘ wire ’ on the micro scale is m the 

• I,e the addition of 1 mprm causes the needle to oscil- 
late between 0 and ± m the given Instromentai 

1 mm. very nearly 

• Pr K, 3876 C N ZZ 167 

• ZtilKhn/t/itr Iiutrumentenkwde^ 1882, p €8. 
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•ame sense as the real motion of the needle in 
reference to the ordinary scale, so that there is 
no fear of blunders through mistaking plus for 
minus The writer is indebted to Mr Oertling 
foi having executed this arrangement for him 
in a most masterly manner Though intended 
oi iginally to be reserved for special work, such 
as weight testing &c , it was found so convenient 
that both the writer and his assistants use it 
pieferably for e\en their everyday weighings 
The specific advantage of the microscope is that 
it enables one to adjust the ‘bob’ so as to pro 
duce the most convenient time of vibration 
The microscope more than makes up for the 
involved loss of sensibility 

On Weighing 

A precision balance should stand on an un 
shakable table, and should not be exposed to 
the risk of one sided elevation of temperature 
Before being used for a series of weighings it 
must of course be set m order, which includes 
that the case be ‘levelled,’ so that the plane 
including the axis of rotation and the zero of 
the scale is a plumb plane The next thing to 
do (if necessary) is to bring the ‘bob’ into its 
proper position , i e to place it so that the 
least difference of weight we care for just be 
comes visible as an angle of deviation and no 
more, because to increase the sensibility beyond 
what IS needful means needlessly to diminish 
the range of weights determinable by vibration, 
the constancy of the sensibility, and the rate of 
Mbration This rate of couise must not be 
allowed to fall below a ceitam limiting value 
In the writer’s opinion, t — 5" is about the 
lowest permissible limit for relatively heavy 
chaiges Next, the balance must be brought 
* into equilibrium ’ at least approximately For 
this purpose Oeithng’s balances carry a vane 
at the top of the beam, consisting of a little 
le\er hinged to the wire of the bob, which can 
be turned round, so as to shift the centre of 
gravity to the right or left ‘ A better arrange 
ment is a small horizontal gravity bob at one 
end of the beam For simplicity’s sake we 
assume that the balance has been brought into 
pel feet equilibrium, so that the needle in the 
vibiating instrument moves forwards and back 
wards between +n° and — n° To weigh an 
object (which, to fix ideas, we will assume to be 
a solid, and non hygroscopic), the ordinary mode 
IS to place it on the left pan, and then coun 
terpoise \ery nearly with standard weights, say 
P grams, on the right In order now to deter 
min( the small additional weight which is re 
quired to establish perfect equilibrium, we may 
use one or other of two methods In the 

Dead beat viethod we simply continue our 
trials, until the needle vibrates about the zero 
ao its position of potential rest It is, however, 
hardly possible for any thinking person to use 
this method without at least instinctively com 
bining it with 

The method of vibration^ which in its most 
exact form consists in this that we note down 
(at least mentally) the successive excursions of 

* A vane with properly graduated limb is as good as a 
‘rider , better In fact, inasmuch as it is not liable to drop 
off and get lost , this Innovation was proposed by Hempel, 
but has not met \^ith much favour as far at we know 


the needle, and from these calculate the posi 
tion of rest Supposing we count distances 
traced by the needle m moving from 0 to the 
left as positive, and those to the right as nega 
tive, and the needle turns successively at n,, n , 
n,, n^, nj, degrees, we have for the position of 
rest, 4 values, 

and the mean of these four values gives the 
reading corresponding to the position of rest 
But the factor ^ can be dropped, because we are 
evidently at liberty to measure in half degrees 
By taking an odd number of readings we elimi- 
nate the error caused by what the needle loses 
in passing through its path , for ordinary prao 
tioe 3 readings are suflicient It suffices to deter 
mine n, = (say) + 42, n= — 10,n3=+4 0, and 
compute ‘ a ’ = mean of + 3 2 and + 3 0 = + 3 1 
In this case the right pan is too heavy by 3 1 x 
k mgms , if A: 18 the weight value of 1° at the 
respective charge In a good balance k is almost 
independent of the charge , the writer’s supple 
I mentary bob of course enables one to give it a 
pre determined 'lalue How k is determined 
need not be explained 

Supposing p grams to have established exact 
equilibrium, the object weighs 
Z" 

x=>p Y grams 


The several weights which enter the calculation 
of an analysis need only be relatively correct 
Hence, if all the weighings involved are made 
on the same balance and with the same set of 
weights, and the objects are always in the left 


pan, in any such senes we may adopt — grms 


as our unit and say x=p 

We do not consider it necessary to quote 
examples of cases in which as a matter of prm 
I" 

ciple dare not be cancelled , we rather say 


that in all precision balances worthy of the name 

r 

Y IS very small, not more than 0 00005 at the 


most If the empty balance was m equilibrium 
at +ao degrees we must add, if at —o^ degrees 
we must subtract, a^A: mgms from p 


Absolute Weighing 
Absolute precision weighing in the chemical 
laboratory hardly occurs otherwise than in this 
sense that we may have to determine the weight 
of an object in terms of an arbitrary (but for 
this occasion absolute) standard For this we 
have two methods 

I The Method of Substitution The object 
18 placed in one pan of the balance, and coun- 
terpoised exactly by some suitable tare placed 
in the other We then take off the object and 
put on standard weights until equilibrium is 
again established If the method of vibration 
be used, the immediate result is the proof that 
the constant tare was balanced by ( 1 ) x grams 
of object plus 5 CToms, and (2) by jp + 5, grams 
of standards Whence a; + 83 — 5 j 

n The Method of Reversion After having 
brought the balance very nearly into equilibrium, 
we ascertain the number of grams which have 
to be placed in the opposite pan to exactly 
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balance the object, once with the object on the 
left, and once with the object on the right. Bide 
Assuming, for greater generality, that the right 
pan was from the first too heavy by 5 grams, we 
have 

1x1= 5) V' by the first trial 

II {x + 5) I" =p V by the second trial 
Assuming for a moment that V = I" (as we 
always may if x is small), we obviously have 
2x + ^ =p' +p'' + 5 , OT x = ^ (p' +jp") 

We will now drop this assumption, but as 
Bume that 5 is so small that the balance cannot 
distinguish between 6Z' and then we may 

write as 

I {x-h)V=p^T 

II (x-f5)Z'=_p7 
Whence, by multiplication, 

p'p''*=‘{x-^){x + 5 ) = 

XX x^ 

It 18 alwajs possible to make a guess at the 
52 

maximum value which could possibly have , 

supposing 5 = ± 0 001 gim and x {ic p' or p”) = 
about 10 grms = 1 — 10® and can be neg 

lected In practice we take care not to allow 5 
to assume a greater relative value, and compute 
hjx‘^=p'p' or for which expression 

we may substitute ^ if p' andp" dilier 

by less than, say, p mgms 

On Sets of Weights 
A set of weights to be fully on a par with a 
given balance must be so exactly adjusted that 
no combination of the several pieces which can 
ever occur is wrong by more than the inherent 
error ‘ e ’ (v supra) of the instrument This 
means that chemical weights, to be properly ad 
justed, require a balance of a verj high order 
But even the most peifectly adjusted set is of 
no permanent value unless the substance that 
it 18 made of offers a sutFicient guarantee for 
constancy of mass Of all a\ailable materials, 
rock crystal comes nearest perfection, but it is 
difficult to work and bring into a handy shape 
Of metals, Mr George Matthey’s ten per cent 
iridio platinum is the best , it is absolutely 
proof against even acid fumes, and sufficiently 
liard to be proof against abrasion by reasonable 
usage Next after it comes ‘ hard ’ platinum 
(the slightly iridiferous metal of which crucibles 
are generally made) , pure platinum is too soft 
Brass, bronze, German silver, and other cheap 
metals are mere apologies for what ought to be 
used , yet these are used (in a sense un avoid 
ably) for making the larger pieces in sets for 
every day use Gilding affords no protection 
against atmospheric influences, unless the noble 
metal is laid on thickly , a good lacquer is better 
than the him of gold which is customarily put 
on by electrolysis 

In constructing a set of chemical weights, 
we might choose our own unit, but whatever 
unit we might fix upon, any other mode of sub 
division or multiplication than the decimal 
mode would be absurd , and there is no reason 
why we should not adopt some legally fixed and 
universally obtamable umt as our umt The 
gram is used by chemists aU over the world, 
almost to the exclusion of any other unit 


Sets of weights exact enough for all practical 
pui poses can be had in commerce Whoever 
may be the maker, a set of weights should not 
be used without having first been tested and 
found correct, at least in a relative sense To 
show how the errors in a given set can be deter 
mined, let us assume for a while our set comprised 
only the pieces (!)„, (1), (2), (2),, ( 0 ), (10) grams, 
and adopt these biacketed numbers as symbols for 
the unknown true weights As a unit for the 
errors to be determined, we will adopt the 1 mil 
ligiam as determined by a given rider of 10 mgm 
weight, the (!)„ shall serve as our provisional 
unit foi the values (1) (2) (10) To determine 

(1) we compare it with (!)„ by the method of 
substitution or reversal, and note down the dif 
ference between the two in terms of ‘ the milli 
gram,’ as determined by th§ method of vibra 
tion We then compare (!)„+(!) with (2), then 

(2) with (2),, &c , Ac , to establish the followmg 
equations 

(1) =(!)„ + 5, mgms 

(2) =(!), + (!) + 5, 

(2). = (2) +5', 

( 6 ) ==( 2 ) + ( 2 ), + (!)„ + 5 , „ 

Computed 

(1) -(l)„4-5, (1)„ + A, mgs 

(2) =2x(l)„ + 5, + 5, 2x(1)„ + A „ 

(2), = 2(l).+ S, + 5, + !', 2x(1)„ + a'; „ 

(5) =.6(1).^ 25, + 25j + 5', + 5,ox(1), + A, „ 

(10) =10x(l)„+ Ac 10x(l)„ + A,„ „ 


To know what the values n x (!)„ really are 
m terms of an adopted gram (say the tiue 
gram) we must compare one of the pieces, or 
a combination of some or all, directly with the 
corresponding standard weight Supposing this 
had been done with the 10 giam piece, and this 
piece had been found free of error, we have 
10 X (1)(, -f Aj^mg = lOg (meaning 10 true grams) 


-^10 mg , _ 

10 


and by substituting this value for (1)„ m the 
expressions n x (l)o + A„ we obtain the values of 
all the BIX pieces in the form 


(n) = N g +x mgm , 


but our ‘ mgm ’ is strictly speaking an arbitrary 
umt , we have no right, for instance, to say 


"What the true gram value of the rider is can 
only be found by joining on to our gram set 
a set of deci and centi grams comprising that 
rider, and determinmg their values hy estabhsh- 
ing the equation 

( 01) = (rider) + 5,, 

( 02) = (rider) + ( 01) + Sj* up to 
( 1)0 -(0 5) + (0 2) + (0 2), + (0 1) Ac 
and thus finding out the value of the rider in 
terms of g But in practice the rider as a 
rule does not differ much from Olg , and this 
part of the work is not necessary for the sake of 
the calculation of the errors, the less so as a 
great value in any of these would simply condemn 
that piece 

The above method is always used when we 
test a set of weights with the view of seeing how 
it falls m with the rest of the sets in the labo 
ratory, which in the aggregate form our set for 
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general purposes If the set is meant to be used | 
by itself— if, for instance, we test a set from 60 
grms down to 1 centigr with the view of using 
it for our analyses — it is better not to refer to 
any external standard at all, but to an imaginary 
unit so chosen that the sum total of the errois 
becomes nil, le , to choose as unit of the 
actual weight of all the ‘ 100 grams ’ which the 60 
gram set represents in toto If one or more of 
the pieces come out with relatively large errors, 
the unit IS re adjusted so that it suits only the 
good pieces, the eriors are re calculated, and 
the two rejected pieces either replaced by new 
ones, or re adjusted According to the writer’s 
experience, we must be satisfied if the errors of 
the individual pieces are brought down to values 
varying from very little to about ± 0 04 mgm. 

Reduction to the Vacuum 
All weighings executed in air are liable to 
an obvious correction Supposing an object 
occupying v c c is balanced in air by p grams 
of standards occupying u c c , if the balance 
were transferred to a vacuum, the side of the 
greater v (in our case the object side) would 
become heavier than the other by (v — u) 5 grms 
where 5 is the weight of one c o of air at the 
time and place As p is a close approximation 
to the true weight, the volume of the object m 
CCS can be put down as p-^s, that of the 
Btandaids of course is where s and 

are the respective specific gravities which prac 
tically need not be reduced to water at 4° The 
correction to be applied to p is 

46464 27^^(mgms ), 

where b is the height of the barometer in mm 
reduced to 0°C , and t is the temperature , the 
constant is calculated from Kegnault’s weight 
of 1 litre of air of 0° and 760 mm at London 
For f = 15°, and b = 760 mms , 5 = 1 22615, 
which number, at stations where b is habitually 
near 760, if the highest precision is not aimed 
at, may often be taken as holding for air gene- 
rally 

Standard weights for absolute weighings (m 
true grams) ought to be adjusted for the vacuum , 
hence, if the minor weights are of platinum and 
the larger ones of brass, the brass 1 grm should 
appear lighter than its equivalent in platinum 
decigrams in air But sets of this order had 
better be made of one metal 

For a series of relative weighmgs, the 
buoyancy of the weight standards m air may be 
neglected, because we are at liberty to take as 
our unit the weight of the 1 grm piece in air of 
the average density prevailing during the progress 
of the experiments That this unit is strictly 
speaking variable is of no practical significance 
The vacuum correction for any single weigh- 
mg involved in an analysis amounts as a rule 
to more than we should care to neglect , yet it 
may be neglected in most cases, because the 
weight to be determined is only one term of a 
ratio, whose other term is faulty in the same 
sense Suppose we have determined two 
weights, p, and p„ and we want the correct value 
tc of the ratio of which pj p, ^ 


approximation If the reciprocals of the specifio 
gravity are and 8j“‘ respectively, we have 

Pt (1 + ®A‘‘) ’ 
or as a suflScient approximation 

X = -Pl (1 + S,s,-' - »aS,-') 

P2 

And if s, does not differ much from Sj (as 5, 
and 5^ are always nearly the same) the bracketed 
factor may come close to unity although neither 
of the two terms 8“'5 could be neglected if it 
stood by itself Here, as everywhere in experi- 
mental science, the golden rule is neither to 
strain at the gnat nor to swallow the cameL 

Weighing of Oases 

For the weighing of a gas, we have in general 
three methods 

(1) If the gas to be weighed is a product 
formed in a reaction between solids or liquids, 
we may identify its weight with the loss of 
weight suffered by the reagents durmg the 
reaction 

(2) We may collect the gas in a evacuated 
tared balloon, and weigh it like anything else 
In this case it is expedient to tare the flask 
with another flask of the same displacement 
and nearly the same weight, so that only a few 
grams need be put on to establish equilibrium 
(Begnault’s method) The vacuum correction 
is then out of court , 

(S) We may measure the gas by volume at 
a known temperature, and pressure, p, and 
calculate the weight from the volume 

If the gas to be weighed is a product of a re- 
action carried out quantitatively, one way of mea- 
suring it 18 to construct the apparatus so that 
the vessel in which the reaction goes on and the 
gas measurer have a common atmosphere, and 
to measure the gas volume as an increase in 
the total atmosphere of the apparatus (gas 
volumetric method) According to Begnault, 
1 lit of oxygen at 0° and 760 mm of mercury 
of 0*^0 , weighs 1 42932 grams Hence by an 
easy computation, based on Avogadro’s law, we 
have for the weight of 1 litre of a given species 
of gas of the molecular weight m (o -« 16) 

where p means the dry pressure in mm 

If the gas 18 moist, the vapour pressure of 
steam at t° must be deducted from the observed 
pressure to find the n of the formula The 
constant, strictly speaking, holds only for places 
where gravity is the same as it is at 45° lati- 
tude, and sea level 

In Parts, | London, | Berlin, ] Olasgow^ 
it must be multiplied by 

1 000333, 1 1 000583, j 1 000663, | 1 000956. 

Indirect Me^ods of Mass Measurement. 

I Physical Methods 

The nature of these is best explained by a 
general example In a given aqueous solution 
of Bulphunc acid, sugar, salt, <fec , <feo , the 
specific gravity at f°, the refractive index, the 
power of taming the plane of polarised light 
(if any), d^c , bear each a fixed relation to the 
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percentage of BuJ)9tance (or the weight of 
eubstance per hire) m the solution, which 
relation is susceptible of translation into a 
formula p — f (physical propeity), or a corre 
sponding curve, and by means of either of tabu 
lation Hence, supposing the function to have 
been determined by standard experiments, p m 
a given case can be calculated (virtually or 
actually) from the value of the respective 
physical property In practice we must of 
course try to establish conditions under which 
the change in the specific gravity, <fec , &c , 
corresponding to the passing from p to, say, 
(1 01) p, assumes a sufiiciently gieat \alue 

The popular method for determining the 
Strength of aqueous oil of vitriol, dc , by means 
of a hydrometer may be referred to as an 
example The customary method of deducing 
the percentage of sugar in a syrup from the 
angle through which a column of given length 
turns the plane of polarised light is another 

II Chemical Methods 

These, being all founded upon our knowledge 
of the quantitatne laws of certain reactions, are 
methods for the indirect weighing of radicles 
rather than of substances bcientifically one 
might arrange them according to their degree 
of directness If we do so, the following two 
claim precedence before any of the rest 

(1 ) The direct gravimetric method An un- 
known weight of this or that radicle is deter 
mined by separating it out exhaustively, by itself 
or as part of a compound of known composition, 
and weighing the product either directly on the 
balance, or perhaps indirectly by gasometric 
measurement 

(2 ) The metJiod of titration An unknown 
weight of radicle is deduced from the quantity 
of reagent necessary and sufhcient to cause it to 
undergo a ceutain definite change of combination , 
the quantity of reagent being ascertained syn 
thetically, le hj direct tiial 

These two methods we will designate as 
•direct’ methods in opposition to the following 
•indirect ’ methods 

(8 ) The method of substitution Instead of 
determining a radicle r, we substitute for it an 
equivalent of some other radicle (or substance) 
b' , we determine r' by method I or II , and from 
it calculate r Thus, to determine an unknown 
weight of free chlorine, x Cl^ mgms , we substitute 
al^mgms bymeans of the reaction Clg + 2KIAq =• 
2KClAq + l2Aq, and determine the iodine In 
some cases we effect a series of substitutions 
(r' for R , r" for r' , r'" for b'', efee ), and deter- 
mine only the ultimate substitute Thus, to deter- 
mine X CrO, we substitute first x x 3C1, then for 
this we substitute x x 31, and by ascertaimng the 
value a; X 31 we find x x CrO, 

(4 ) The residue method The body contain 
Sng the radicle is subjected to a definite chemical 
change by means of a known (excessive) weight 
of reagent, and the excess of reagent left is 
determined 

(6 ) Methods founded upon the numerical 
difference between formidce values — ^We pass at 
once to examples — 

{a ) To analyse a mixture of the compounds 
AgCl and AgBr, we expose a known weight to 
action of dry chlorme until all the AgBr has | 


become AgCl, and determine the decrease of 
weight involved From the obvious equation of 
the reaction, we see that every Br Cl gram of 
loss of weight corresponds to Br grams of bronune, 
or AgBr grams of bromide of silver 

(b ) To determine the weight of real sul- 
phuric acid contained in a given quantity of an 
aqueous acid, we evaporate with a known (ex- 
cessive) weight of anhydrous carbonate of soda, 
and weigh the residue (Thorpe) As 
a Na,CO, + Na,CO, + H SO, = 

CO2 + H O + Na,SO, + xNa CO„ every (SO, - CO ) 
grams of increase of weight indicate SO, grams 
of sulphur trioxide 

(c ) To analyse a mixture of the sulphates of 
sodium and lithium , take p grams of the 
mixture, ppt all its sulphuric acid with baiium 
chloride, and weigh the banqm sulphate 
1 grm of the sodium salt gives BaSO, ^ ^ 
Na SO, “ ’ 

1 grm of the lithium salt gives BaSO, grms 

Li bO, 

of barium sulphate Hence if c grms of pp 
were obtained we have (fiom x gims of sodium 
sulphate, and y of lithium sulphate) 
xxs-^yy. l — c 
x + y-p 

Whence x and y are easily calculated 
Many other examples might be quoted 
We will now pass to 

The Operations involved in quantitative 
determinations by chemical methods But 
first let us say a few words about a necessary 
preliminary to any quantitative analysis, namely, 
the preparation of the sample This problem 
assumes perhaps its most difficult form if the 
thing to be analysed is a large mass of im 
perfectly homogeneous matter, say, a caigo of 
copper ore In this case the analysis must of 
course be preceded by the preparation of a 
sample, which, although it may amount to only 
a few pounds, yet can be assumed with a suffi 
cient degree of probability to have the composi 
tion of the whole heap And supposing even a 
homogeneous sample to have been prepared for 
the analyst, a mere assay (of the copper in our 
case) would be of no use unless accompanied by 
determinations of the moisture in, a the ore as it 
lies, and h the small ultimate sample which goes 
to the balance An impure specimen of a named 
chemical species to be rendered fit for the 
analysis of the species must first be purified, 
unless we prefer to determine the impurities, 
and allow for them in the calculation 

In now passing to our subject, we will give 
the first place to the operations involved in 
those 

I Assays by igneous operations^ 
which are so extensively employed in practical 
metallurgy These, however, are quite a speciality 
which 18 almost entirely confined to metallurgical 
laboratories Suffice it, therefore, to say that 
these assays, as the name indicates, are, at least 
by original intention, processes of metal smelting 
earned out tentatively on a small scale The 
metal is sepejated out as a regulus either of the 
metal itself or of some definite arsenide, and m 
either form is weighed directly on the balance 
pan 
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n Quantitative expulsion of volatile I 
components by exposure of the 
substance to regulated tempera 
tures 

Under this heading fall most of our methods 
for the determination of water, given in com 
bmation with Twn volatile residues Water thus 
combined, can, as a rule, be driven out with or 
without the help of a dry atmosphere, by pro 
longed exposure of the substance to a suitable 
temperature, and, if other changes are known 
not to take place, the weight of the water ex 
polled 18 the loss of weight involved m the drying 
process 

If the residue, while giving up its water, takes 
up oxygen or suffers some other change involv 
ing change of weight, the water must be expelled 
in an apparatus so* constructed that the steam 
can be purified (if necessary) and collected with 
out loss by absorption in a weighed U tube 
filled with chloride of calcium, or pumice 
moistened with sulphuric acid, and determined 
as an increase of weight of the absorption 
apparatus We have no means of discriminating 
experimentally between water present as such 
(moisture) and water present in chemical com 
bmation , * nor can we disci iminate analytically 
between the different states of combination 
which we distinguish in our formula All the 
analyst can do (after removal of what there 
may be of palpably free water by mechanical 
means) is to try, successively, exposure to (1) 
ordinary dry ’ air , (2) artificially dried air, or a 
dry vacuum , (3) a graduated senes of higher 
temperatures, such as 100°, 120°, 150°, 200°, in 
a hot air chamber , (4) a red or perhaps a white 
heat , and to report the several losses of weight, 
taking care of course to apply each temperature 
again and again, until the weight of the residue 
(or of the calcium chloride tube) has become 
constant 

From hydrates undecomposable by mere 
heating, the water must be expelled by suitable 
reagents Basic hydrates, like caustic potash, 
can be dehydrated (quantitatively) by fusion with 
excess of anhydrous bichromate of potash , 
many hydrated acids, by evaporation of their 
solutions with a known excessive weight of oxide 
of lead, and weighing the dried residue The 
writer directs attention to the applicability of 
tn sodio phosphate as a weighable form of NajO 
for the latter purpose 

IIL Combustions in glass tubes, v 
Analysis, Obqanic 

IV Carius' general method of ultimate 
organic analysis, v Analysis, Obganio 

V Oas evolutions 

We here refer to a class of methods in which 
the thing to be determined is measured by the 
weight of a gas evolved in a wet way reaction 
of the substance to be analysed The gas 
evolved is weighed as loss, or after absorption 

* According to the current notions on dlsflociation, a 
current of (originally dry) air which has passed over a 
euSloient column of parbi^y dehydrated salt, should take 
aw^y the free water from a given specimen of moUt salt of 
the same kind at the same temperature Hence an obvious 
(theoretical ) method for recognising free water as such. 


by a suitable absorbent, or la measured (and 
thus indirectly weighed) gasometrically (v supra) 

VI Electrolysis, 

Solutions of many heavy metallic salts, when 
subjected to a galvanic current under suitable 
conditions, are fully decomposed, in the sense 
that all the metal separates out as such on the 
negative electrode By properly regulating the 
strength of the current and the composition of 
the liquid, it is possible, in many cases, to 
cause the whole of the metallic pp to assume 
the form of a coherent, truly metallic, deposit, 
so that, if a platinum electrode be used, the 
metal can be determined as an increase of weight 
of the latter The method, however, is not as 
easy as it is obvious , and is in general use only 
for two metals, namely copper (Luckow’s 
method), and nickel Classen* has tried, not 
without success, to extend the method to many 
other heavy metals , but his processes have 
failed so far to become popular 

VII Gravimetric Precipitation 

Our heading refers to the very large number 
of cases m which we determine a component of 
a solution by separating it out in an insoluble 
form, and weighing the pp or converting it into 
another body and weighing that With the pre- 
liminary separations that may be necessary we 
can have nothing to do here , we assume that the 
ppn has been effected exhaustively, and that 
the pp is (in the sense of the method) free from 
foreign components In this case the next thing 
to be done of course is to separate the pp com 
pletely from the mother liquor In some cases 
(for instance in the case of the haloid salts of 
Sliver, and of metallic gold ppd by ferrous salt) 
this can be done by decantation , but as a rule 
it IS necessary to resort to filtration For this 
operation the first requisite is a good funnel, 
and good filter paper The funnel should be a 
smooth cone of exactly 60° aperture, so that a 
filter folded m quarto fits it exactly The best 
filter paper for general purposes is that Swedish 
paper known as MuntkeU’s , only it filters some 
what slowly, and in many cases, therefore, papers 
of looser texture are preferable Filters, which, 
having been washed with hydrofluoric and 
hydrochloric acids, leave almost no ash on in 
cineration In conducting a filtration, the 
following rules should be observed 

1 Before starting the filtiation, allow the 
pp to settle completely , then decant off the 
liquor on to the filter, allowing as little of the 
pp as possible to go on to the paper —2 The 
same rule holds for the first stages of the wash 
ing process , the bulk of the pp should go on to 
the filter only after almost all the dissolved 
matter has been washed away — 3 The wash- 
hquor should be employed in small instalments, 
and each instalment be allowed to dram off, 
before the next one comes on — 4 The washing 
must be continued until the purity of the last 
runnings is proved by direct testing No calcur 
Ifttion of the attenuation reached can be rehed 
on implicitly, although it is valuable for pre- 
liminary guidance, and may be the only method 

* CTlftiiaen , Quantitative Analyte dufxh £leetrolyet [Sad 
6d. Berlin, 1886 ] 
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available —5 The filter should fit the funnel 
closely , it should be smaller than the funnel, 
and not much larger than is necessary for the 
convenient accommodation of the pp 

Many pps run through the paper as soon 
as the wash water becomes nearly pure bi- 
sulphide of tin exhibits this property in a marked 
degree Addition of some suitable salt (sal am- 
moniac, acetate of ammonia, Ac ) to the wash 
water often helps one over this diihculty 

In the case of slimy oi gelatinous pps 
(e g hydroxides of silicon, aluminium, and chro 
mium) Bunsen’s method of quick filtration is 
employed It consists in this, that the funnel 
is made to communicate, by its stem, with a 
vessel m which a partial vacuum of adequate 
strength is maintained by means of an aspi 
rator (a Sprengel pump wrought with water, 
or equivalent arrangement) To protect the 
filter from being torn by the pressure of the 
atmosphere, its open end is supported by a small 
cone of platinum foil, resting on the bottom of 
the funnel In regard to the operations subse 
quent to filtration and washing, pps may be 
classified as follows — 

A Such as stand calcination in a plati 
num or porcelain crucible, and when thus treated 
assume a definite composition In this case the 
general modus operandi is as follows the pp is 
dried in the funnel , it is then detached as com 
pletely as possible from the paper, and put into 
the tared crucible The filter, with adhering 
particles of pp is folded up into a narrow strip, 
and this is rolled up tightly into a parcel, so 
that the part stained with the pp is in the core 
A platinum wire is then wound round two or 
three times, and the parcel is kindled m a gas 
flame and allowed to burn, the surplus wire 
serving as a handle After the combustion has 
gone as far as it will spontaneously, the residual 
charcoal is burned away by applying the outer 
portion of the flame of a Bunsen The ash is 
dropped into the crucible and calcined along 
with the pp In some cases, as for instance in 
that of alumina, it is better not to detach the 
pp from the filter, but simply to fold up the pp 
m the filter, and heat the whole in a platinum 
crucible Amy deposit of charcoal formed on 
the lid or crucible sides is easily removed by 
heating the respective part while a shield of 
platinum foil is stretched over the deposit The 
charcoal vanishes almost instantaneously The 
weight of the filter ash must of course be ascer 
tamed by a blank experiment, and allowed for 
The correction {cccteris panbus) is proportional 
to the superficial area of the filter, te ash- 
weight = cr^ where c is a constant which can be 
determined once for all 

It is to be observed, however, that even with 
the same filter paper, c depends on the nature 
of the hquid which passed through the filter 
It 18 less for dilute mineral acid, for instance, 
than for pore water, or salt solutions followed 
by water 

B Precipitates which do not stand 
calcination, but assume a definite composi- 
tion when dried at a suitable lower temperature, 
say at 100° or 120°C Such pps are collected 
ott filters (previously dried at the respective 
temperatures) and weighed in the filters As 
l|lt«r paper is hygroscopic, the empty filter, and 


the filter with pp , must be weighed between a 
couple of closely fitting watch glasses held 
together by a suitable clip 

C Precipitates which demand some 
supplementary chemical treatment to 
become fit for the balance In regard to 
these it is difficult to make general statements ; 
suffice it to say that certain metallic sulphides 
assume a definite composition when strongly 
heated (repeatedly, and until constant m weight) 
with sulphur in hydrogen gas The sulphides 
of copper, manganese, zinc, lead, may be quoted 
as examples The resulting definite sulphides 
are CuaS, MnS, ZnS, PbS, respectively 

GIS ANALYSIS 

A large supply of homogeneous gas may be 
dealt with, analytically, in a variety of ways 
With a small gas sample given for analysis only 
one mode of treatment could be— or at any late 
ever is— thought of We must collect our gas 
over mercury, or some other suitable liquid, and 
learn what we can concerning it by applying 
physical or chemical reactions, mvolvingchanges 
of gas volume , we must measure the gas volumes 
involved as the only practicable mode of defining 
the respective masses 

Principles of volumetric gasometry To 
measure a given quantity of gas means to deter 
mine its volume, v, and its pressure, p, at a 
definite temperature, t In any fluid body of 
known nature the three quantities conjointly 
define the mass, yet the method is confined 
to gases, because m these only is the evidence 
afforded by the three numbers condensible into 
one numerical statement by mere calculation 

Practical gasometry knows of no pressure 
greater than two atmospheres (indeed pressures 
above one atmosphere are exceptional) , and of 
no temperature below 0°C 

Within this range of conditions the law of 
interdependence between volume, temperature, 
and pressure, in all gases is in approximate 
accordance — in the so called permanent gases 
it IS in perfect accordance — with the equation 



where t may be defined as t »» 273 + f q is a con 
stant which depends only on the nature of the 
gas and its mass, and consequently, in reference 
to any named species, measures the quantity 

Condensible gases and vapours deviate from 
the law embodied in eq ( 1 ) to a greater or less 
extent, but always in thus sense that the true 
relations are expressible by an equation of the 
form 

T (l + *)-Q (2) 

where « is an inherently positive number 
which 18 a function of t and p, to the 
effect that, for any given species, t is the 
less the further the pressure and temperature 
remove the gas from the state of saturated vapour 
Gasometncally speaking e is mamly a function 
of temperature which runs pretty much like 

•—const— , not by any means exactly so, but 

we are safe m 8a3ring that for every gas species 
there is a certain temperaturb t« above which 
thii speeiee is, as the phrase goes, a ’perfect 
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gat/ in at least this sense that c is less than 
the unavoidable error involved in the experi- 
mental determination of pv — t by the customary 
instruments In this sense our equation (1) is 
tiue for all kinds of gas or vapour without 
exception 

The constant q is obviously susceptible of 
a number of definitions One definition is-'to 
call it the volume which the gas assumes when 
T = 1° and p = 1 (saj 1mm ), or rather the volume 
which the gas would assume if it were a perfect 
gas down to t=»1 or -272° To eliminate 
this fiction, let us view v as a function, not of p 

T 

and T, but of thus 



and, taking ‘ disgfegation * as a name for this 
ratio T p, define q as that volume which the 
gas assumes whenever the disgregation is unity 
through p being equal to t numerically If, for 
instance, 

T = l° 273° 873° 500°C &c 

then p=:l 273 373 600 mm <feo 

In this manner it is always easy to find for q a 
real significance q, however, has two denomina 
tions Obviously 

T 

hence q may be called the particular pressure 
which the gas assumes whenever t = v , te for 
T = 1° and V = 1 unit , T = 500° and v = 500, Ac 
For the purely comparative measurement of 
two or more gas quantities, only one of the three 
variables need actually be measured 

Assuming the qs for the gases i, ii, m to 
be q' q" q'", &c , we may (1) keep x and p at 
constant (though perhaps unknown) values 
and measure the volumes 

v' v" v"' Ac which are 

p p p 

The constant factor disappears in the ratios 
This used to be, at least by intention, the method 
of comparative gasometry 

(2) We may keep x and v constant and 
measure the pressures p' p" p'" which are 



and consequently again measure the qb (Keg 
uault’s method) 

(3) We may allow x and p to vary, but keep 
their ratio, the disgregation^ constant, and mea- 
sure the volumes, i e substitute for the qs 

I 

(q' q" q'" )xaconstant- 
(Doy^re’s method) 

But Q has an important chemical significance 
A glance at eq (1) shows that the specific 
gravity of a gas, meaning the number of times 
its weight IB greater than that of the same 
volume of some standard gas of the same dis- 
gregation, IB independent of x and p As stated 
by Avogadro, and since proved by numerous 
experiments, we have for any set of gas species 
s' a" a"' •» ii' » m"' • 

or quite generally 

s» const n • • • W 

where m ta the mol weight 


Hence supposing, at a given disgregation, 
unit volume of standard gas weighs b units, then 
unit vol of another gas of the mol w , ix, 

weighs B where m,, refers to the standard gas 
Hence unit volume of any gas, if measured at that 
disgregation, contains — x m units of weight of 

M,) 

its substance , hence equal volumes of any two 
gases, if measuied at the same disgregation, 
contain the same number of molecules, wheie 
‘ molecule ’ may have the usual meaning given 
to this term Hence our constant Q, or any of its 
substitutes as given above under (1) (2) and (3), 
m a relative sense counts the molecules of the 
respective gas 

Eq (1) tells us nothing about the relation 
between the volume v of a gas mixture, and the 
volumes v' v" v'" of its components , but we 
know, by direct experience, that v =» v' + u" + v"' , ‘ 

hence Avogadro s law holds for mixed as well as 
for homogeneous gases , and, independently of 
it, we have 

q' + q'' + q'" =Q (4) 

and at any constant value of 

V-i-T 

p'+p"+p'" =P . (5) 

(where the small letters refer to the components 
and the large ones to the mixture) And so 
quite generally 

q Q = t) Y=p (number of mols in the 
component) (number of mols in the mix- 
ture) (b) 

Hence our customary mode of stating the com 
position of a gas mixture is susceptible of three 
readings Instead of saying (1) 100 volumes of 
air contain 21 vol of oxygen and 79 of nitrogen, 
we may say (2) the partial pressure of the oxy 
gen IS 21 p c and that of the nitrogen 79 p c of 
the total pressure of the air , or (3) every n x 100 
mols of air contain n x 21 mols of oxygen and 
n X 79 of nitrogen 

In the more easily condensible gases, the 
number e (which might be called the measure of 
gaseous imperfection) assumes appieciable values 
at the ordinary temperature , yet in the ordinary 
practice of gas analysis even these gases are 
customarily being measured at, or near, the 
temperature of the laboratory To give an idea 
of the possible value of the error thus neglected 
we will take up the case of carbonic acid, 
which, of ordinal ily occurring gases, la perhaps 
the most imperfect 

According to Amagat, carbonic acid, from 0°C 
upwards expands at a greater rate than air, up 
to about 200°, whence onward it behaves like a 
perfect gas m lefeience to expansion caused by 
changes of temperature or pressure At 7b0° 
mm its expansion flora 0° to 200° is m the ratio * 
of 1 1 74065 Hence supposiii,^ we find for a 
quantity of carbonic acid i> = Vo, fori = 273 and 
p = 760, we have for the constant g — 

(1) By the ordinary routine mode of calcala« 

tion, i e by eq (1 ) , q' « - 273 — * 

* It is worth while to note that this all important pro- 
position has never been looked into in the Begnaoit- 
fashion 

* Oalonlated by the writer from the ooelBoients of es- 
paaeion stated by Amagat for lOO**, 180^, and 300^ 
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(2) For the true q , 

_ Vo X 1 74065 X 760 

Q,= 

Whence Qo »=■ 1 0046 q' , or in the sense of our 
equation (2), for x = 273 and p = 700 mm 

AQ, = S!^^(l + e), and . = 00046 (7) 

This number, or say 0 005, might perhaps 
be put down as the maximum value which e 
may assume in the customary mode of measur 
ing gasee proper, were it not for the following 
consideration As a rule the gas to be measured 
18 contaminated with vapour of water, and it is 
the Q of the dry gas that is wanted One mode 
of obtaining it is to remove the water by chemical 
absorbents and to measure the dry gas , but 
this IS a tedious process , hence we prefer, in 
piactice, to saturate the gas completely with 
water, to measure it in this condition, and, before 
calculating byeq ( 1 ), to correct the observed pres 
sure by deducting the maximum steam pressure 
at the respective temperatuie, as determined 
by Magnus and by Regnault for the vacuum, as 
Burning the corrected value Pq = p — ir to i epresent 
the pressure which the gas would exhibit at the 
game vol and temperature if it weie dry As 
shown by Regnault, this is not quite exactly 
the case, yet if is small, t c if the temperature 
is low, the error maj be neglected A low tern 
perature, it is true, means a relatively great f, 
but IT certainly, and the error m tt probably, 
increases (with t) much faster than € decreases 

Both the authorities named give their its in 
terms of the pressure of a column of mercury of 
O^C whose height equals 1 mm Hence to be 
able to use their numbeis directl} we must pro 
vide our eudiometers and baiometer with true 
mm scales And we ought to reuuce all mercury 
columns (measured as pressures) to 0®C This, 
however, is necessary only in the case of abso 
lute measurements, te if we measure a gas as a 
step towards calculating its weight, for relative 
measurements we may choose our units for v, x, 
and p, at pleasure,' hence the absolute magni 
tude of our ‘mm ' is of no consequence Isor is 
it necessary to reduce the tt to what our mm is 
at the respective temperature, because the cor 
reotion is practically irrelevant 

Gases like hydrochloric acid, ammonia, 
sulphur dioxide, Ac , must be measured dry — 
for an obvious reason 

Gas-Analygis (a) Proximate For the 
proximate analysis of a gas mixture we have 
only one direct method After having measured 
off a convenient sample, we withdraw the several 
components (singly or m groups), by the succes 
Bive apphcation of appropriate chemical absor 
bents, as pressureless solids or liquids, and, 
after each absorption, we measure the gas residue 
left Supposing the sample measures v units at 
T and p, and the same, minus component i, mea 
Bures v' units at x' and p' , we have for the sample 

Q I? for the residue q' ^ , hence for the 
r t ' 

percentage of i , a? *= x 100 
Q 

To show the possibihties of the method, we 

* we may, If we choose, mearare onr t* with a 
Fahrenheit thermometer and take T as being TBe4S9*4<^r 
(inf UcKroes^ 


enumerate the most important reagents and 
state the powers of each as an absorbent 

(1) Water (as such or as Na2SO4l0H;jO) 
absorbs HCl, HBr, HI, very promptly 

(2) Solid DKY caustic potash absorbs water 
very completely , acid gases generally more or 
less slowly 

(3) Solid MOIST caustic potash absorbs all 
acid gases (CO^, SOg, H^S, HCl, Ac ) very 
readily 

(4) Caustic potash solution acts like (3) 
and ( 1 ) 

(5) Dilute sulphuric acid absorbs all alka 
line gases (NHg, CHgNHj Ac ) , besides acting as 
water 

(0) Oil of vitriol (H 2 SO 4 + 0) absorbs (a) 

water, alcohol, ether methyl oxide, very readily , 
(b) propylene and higher hqmologues, with a 
fair degiee of piomptitude C H, is absoibed 
only on long continued shaking (Berthelot) 

(7) Sulphuric anhydride in H SO 4 absorbs 
C^H^ in addition to the gases named in (b) 

( 8 ) Bromine (over water in diffused daylight) 
acts pretty much like (7) , the excess of Br 
vapouis left is lemoved by means of KHOAq 

(b) Pyrogallic acid in caustic potash h 1 / 
absoibs oxygen abundantly and promiitly 
(Liebig), besides acting like (1) 

(10) Cuprous chloride in hydrochloric acid 

absorbs oxjgen, also CO, C (Beitholet) 

— Spoils the mercury 

( 11 ) Same reagent in aqueous ammonia acts 
like ( 10 ), and besides absoibs certain other gases, 
c g all the olefines (Berthelot) 

(12) Ferrous sulphate in concentrated solu 
tion absorbs nitric oxide, but hardly in the che 
mical sense, as the compound has a measurable 
dissociation pressure ' 

(13) Binoxide of manganese, as compressed 
powder, is used by Bunsen for absoibmg H S 
and SO 2 —Solution of CrOg or of KMnO, acta 
similarly and more promptly 

(14) Chromous sulphate in NH^ and NHfil 
solution absorbs OjNOtCjH .CgH^, but does not 
act on CO, C^H^, or CgHg (Berthelot) 

That all gas mixtures cannot be analysed 
by means of these 14 reagents is obvious Un 
fortunately they are all gioup reagents, and a 
group when once absorbed is not susceptible 
(practically) of further gasometne analysis One 
or other of the absorbed components may be 
determinable otherwise — thus for instance HjS 
(absorbed m KHO) by titration with iodine— 
but these are rare exceptions For the analysis 
of a gas mixture which, with regard to chemical 
absorbents, behaves as a whole, only two 
methods are at our disposal , one is to determine 
the ultimate composition of the gas (if possible), 
and from the results to try and arrive at the 
proximate composition , the other is to exa 
mine the gas by means of physical absorbents 
But to obtain definite results with these we must 
follow the lead of Bunsen, and both contiive 
their application and interpret the results, m 
the light of the laws of gas absorption 

Analysis by physical absorbents 

Imagine v volumes of a mixture of the 
unitary gases I , II , III , to be shut up 

‘ NO is absorbable also by the conjoint action of 0 and 
SLHO solution, as £NO. and KJSO, 
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in a close vessel over h volumes of water or 
alcohol, an impervious diaphragm separating the 
two As soon as the diaphragm is removed, the 
gas and liquid exchange molecules, and this goes 
on for ever , but if a consitant temperature t is 
maintained, a point is reached, sooner or later, 
at which the changes of composition, exactly 
compensate each other, so that matters are the 
same as if the exchange had come to a stop 
This point of dynamical equilibrium is reached 
almost instantaneously on violent shaking The 
final result is that the gas space v is saturated 
with the vapour of the liquid, while a quantity q 
of each of the components of the gas is held in 
solution by the h volumes of liquid This quan 
tity q at a given temperature is in (more or less 
exact) accordance with the equation — 

q = h^TT (8) 

where tt means the partial pressure of the respec 
tive component in the residue, and ^ is a con 
Btant, which may be defined as being the value 
which q assumes when = 1 and tt = 1 mm q and 
^ are, of course, of the same denomination , if q 
means mgras ^ means mgms likewise But 
we will assume q to be measured by volume at 
0 ® C (oi T - 273 ° C ) and p = 1 mm , and on the 
basis of this assumption (with Bunsen) call 
the * CO eihcient of absorption ’ 

Our equation has been tested experimentally 
only with water and, in a more limited sense, 
alcohol, as a solvent , and in reference to either, 
it may be assumed to hold at pressures up to 
about 1 atm , and temperatures from 0° to 
about 30 ° C , for all gases which, under the 
circumstances, do not act chemically on, or 
dissolve very abundantly in, the respective 
liquid With a given gas species, /3, m general, 
increases when the temperature falls, or when 
alcohol IS substituted for water It has, in 
general, different values for different species of 
gas Hence we at once see our way towards 
distinguishing a unitary gas from a mixture 
Take, for instance, the case of marsh gas CH^ 
as against a mixture of equal volumes of 
and C = CH^ per 1 volume With alcohol as 
an absorbent, the /3 of is far greater than 
that for Hence, if the mixture be dissolved 
partially by alcohol, the residue will contain less 
carbon per unit volume than , and similarly 
in similar cases 

The relation between the composition of the 
mixture operated upon and that of the un 
absorbed residue is easily formulated Let m', 
vi'\ &c , stand for the quantities of the several 
components present in unit volume of the 
original gas, and let n', n", (fee , have a similar 
meaning in reference to the residue , let p stand 
for the (dry) pressure of the original gas, and 
jp for that of the residue, then we have for any 
one of the components q » h0{pn) , and for the 
unabsorbed part of that component 

and g + r + Bh ) , but q + r ■« pwVo, hence 

pmt;o«pn(Uo + /3ii), which enables us to calculate 
the ‘ n ’ of a named component from its ‘ m ’ 
For further developments we refer to Dittmar’s 
' Exercises in Quantitative Analysis,’ section on 
gas analysis (Glasgow, W Hodge & Co ) With 
out mathematics it is clear that the quantity, X, 


of total gas absorbed, reduced to p* 1 and ]» 

hp 

In the case of a unitary species X is the co- 
cffit,icnt of ahsorptiont and is consequently con 
stant, while, in the case of a mixture it vanes 
(m general) with liv,ie with varying quantities 
of water for the same quantity of gas started 
with Hence an obvious second method for 
testing a gas for chemical oneness 

Of general methods of gas analysis, only 
one remains to be considered We refer to 
the 

Method of Combustion — A method of 
ultimate analysis which presumes that the 
gas to be analysed is in, or by addition of 
hydrogen or of oxygen or of either plus ful 
mmating gas,‘ can be brought into, such a 
condition, that the mixture, when fired with 
an electric spark is resolved entirely into (in 
general) carbonic acid, nitrogen, and water, and 
excess of either hydrogen or oxygen as the case 
may be The method consists m this that a 
measured volume of the given gas is exploded, 
and the gas quantities involved are measured as 
far as necessary to enable one to calculate the 
elementary composition of the gas under opera 
tion, the results being regarded customauly m 
volumes (reduced to some tacitly assumed con 
stant disgregation) of the respective elementary 
substances For uniformity’s sake this system 
IS extended even to the carbon, one volume of 
carbon being used as a phrase for the quan 
tity of carbon contained m two volumes of car 
bonic anhydride This mode of reporting comes 
to the same as stating the quantities of hydro 
gen, ox j gen, cfec as multiples of the molecular 
weights H , O 2 , N , and of the double atom 
of carbon In the sequel we sometimes use 
H 0 , Nj, CO , CO, as symbols for ‘ 1 volume ’ 
When in a calculation we have to refer to a 
ceitain (reduced) volume of carbonic acid we 
designate it by the letter k , in a similar sense 
8 refers to oxygen , w to water vapour , ^ to 
nitrogen (‘ n ’ is reserved for the atom) , c to 
contraction The followmg examples explain 
the method 

I The gas is a mixture of hydrogen and 
hydrocarbons, le 1 vol =*aC,8H^ Wo deter 
mine the followmg gas quantities 

(0) The volume of the sample, as v 

(1) „ „ plus 

added oxygen, as Vj 

And after firing 

(2) The volume of the total product 

measured cold, as v, 

(3) The volume of the residue left after 

removal of the carbonic anhy- 
dride, as Vj 

The quantity of carbonic anhydride produced 
in the combustion is ‘k’^Vj— v,, whence 



The hydrogen is calculated from the * con^ 
traction' meaning the difference ‘c’ — v, — v, 
thus V, c^v + s, where b stands for the added 
oxygen, 

Vj «■ K + oxygen left unbumt, which is s - k - a:, 

* The mixture ohtatued In the eleotrolyeia a< 

water 
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where x means the oxygen which converted the 
hjdrogon into water Hence o « v, — Vj=» 
V + g — [k + (s — K — a;)] or o » v + aj, hence 

Bwo—v, and 

V 

The sum a + $ is, of course, always greater 
than unity unless a = 0 
We will assume now 

II That the gas contains (in the v units 
taken for analysis) z volumes of free oxygen 
and y volumes of free nitrogen beside v„ of 
hydrocarbons , both z and y being unknown 
Here we at once see that the measurements of 
VpVj, Vg, do not enable us to calculate z ox y 
But we cannot even calculate the volume x of 
oxygen which combined with the hydrogen in the 
combustion , because from case I we see that 
a: » 0 — Vo, and Vo is unknown Nor does a direct 
determination of the oxygen residue 8^ in Vg help 
us, because Sr is a function of c, independent of 
a and e We have, in fact — 

8 f + 8 — rr — K, 

c = v-{z + y) + x, 

s, + o = ri-K + v~ 2 /. 
and Sr® —c + s — K + v— 2 / 

The determination could only confirm this 
calculation If z is know n to be = 0, or z and y 
conjointly are known to be so much atr, the 
problem becomes easy of solution 

III The gas is aC^ /SHj 70 ^ 5N = 1 volume , 
states of combination unknown If we add to 
the values (for v of substance) of k and c that 
of the nitrogen in the ultimate residue (let 
Its quantity be = jfi) we have a and 6 at once 
But, (even supposing we did not care for 7 ), to 
determine J3 -we must measure the quantity, w, 
of steam produced in the combustion From 

w we have ^ - w , and from this, and the con 

V 

traction 0 , we can calculate 7 thus, let So 
denote the quantity of oxygen which, con 
jointly with the oxygen m the substance, is 
just sufficient to burn the substance into COj, 
JBL^O, and N^, and let Sr be the surplus added, so 
that B, + ig *» s , we have 

V, = V + So + Br 
Vg-jl + K + S, 

C-V + So-^J-K, 

or, V.-Vg-V + So-^ 

Now, it was obviously the oxygen sum b, + V 7 
which produced the HjO and CO^ , hence, 

Bg + V 7 «K + ^W , 

. 7“-^(K + iw-Sg) 

Whenever, m a gas of unknown constitution, 
oxygen may be present, the determination of w 
becomes indispensable, because without it the 
water possibly present in a gas would escape 
us altogether , we could not, for instance, dis 
criminate between ethylene and oxide of methyl 
The case which we have just been discussing 
includes that of the analysis of any gas 70 ^ SNj 
which j# combustible by means of hydrogen 
BecauBit-tthe added hydrogen, for calculating 
purposeu, jnay be included in the ‘ v ’ of our 
formulas, to be ultimately allowed for In 
practice, hiwever, the variety of proximate com- 
positions incli^d m the formula tO^^Nj is 
very small, bo in the case of such a gas, 


we had better at once calculate the proximate 
components (N„, NjO, &o ) directly fiom the 
data of the combustion 

IV Let us now see how far the method of 
combustion goes as an indirect method of proxi 
mate analysis Let us assume that we have to 
deal with a gas of the nature pre supposed m 
case III , and that the quantities, k, c, w, 
have been determined, and none of them found 
= 0 We also assume that we know the formulas 
of all the several species I , II , , which caiv 

possibly be present To find the quantities of 
these contained in unit quantity of the given 
gas {x' for I , x" for II ) we might begin 
by calculating the elementary composition of our 
gas, i e the coefficients in the average formula 
aC 0H 7 O 5N =1 \ol , and then expiess these 
algebraically in teims of tha special values a\ a" 
, j3', J3" , Ac , appertaining to the com 


ponents I , 

II 

, Ac , thus. 


a 

= a'x' 

+ a"x" 

+ a'"x"\ Ac 

I 

B 

^B'x' 

' + B"x' 

' + B"'x"', Ac 

II 

7 

= 7 a:' 

' + y"x' 

' + 7 '"a;'", Ac 

III 

5 

= 5 a:' 

+ 5"a:" 

+ 5'"x'", Ac 

IV 


1 + Ac V 

In practice, of course, we need not calculate 


a, $, Ac , but may at once form equations between 
= ic = c, -^i5 = n, Ac, and the special 

V V V 


values 

Vk'^ 

, e'e'' 

, n'n" , thus — 


k 

= h'x' 

+ k"x'‘ 

', Ac 

la 

c 

= c'a:' 

+ c' x” 

Ac 

II a 

w 

= w'x‘ 

' + %o”x 

", Ac 

Ilia 

n 

— n'x* 

4 n"x' 

Ac • 

IV a 

1 

= x' + 

x'\ Ac 


Va 


and solve these equations, but the former set 
shows more cleaily how far the method goes as 
a method of proximate analysis 

From either set we at once see that if the 
number of potential components does not exceed 
Jive, we can in general calculate the quantity 
of each in unit quantity of gas, le x' x" x 
In general we say, because obviously if one or 
more of the co efficients a, )8 is « 0 , so many 
equations collapse , in the case, for instance, of 
7 = 0 and 5 = 0, only three equations are left 
And (to adhere to the example) if it should 
happen that all the values of jB are the same func 
tion of the respective values a, then equation II , 
or, if you prefer it, equation I , is lost, and only 
the case of two components is susceptible of a 
solution A similar result occurs if all the com 
ponents should happen to contain the same 
number of hydrogen atoms (or the same number 
of carbon atoms) per molecule Supposing, 
for instance, all the components were of the 
general formula then B would by necessity 
be = 3, and equation II would be resolved into 
3 = 3a:' + dx" + 3a:'" which is a mere repetition 
of equation V And similarly, if all the compo- 
nents were di carbon gases, equation I would 
become useless 

The general rule is, first of all to find out 
how many of the quantities A, c, n, w in addt* 
twn to our knowledge of the constitution of the 
gas, we should need to calculate the co efficients 
a, B of the average formula Supposing 4, 3, 2 
suffice, then (in general) 3, 2, 1, (but not any 
8 , 2 , 1 ), equations of the second set, taken along 
with i^aatiofi V , will suffice to find the un- 
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known quantities a?" sought, provided their 
number does not exceed 4, 8, 2 

For examples see the writer’s Tables to 
facilitate chemical calculations (Williams & 
Norgate) 

The following table gives the values of c, k, 
Sq, w for several gases 

1 — Combustible by Oxygen, 




1 


w 

n 

Hydrogen, Ho 

15 

0 

05 

1 

0 

Carbonic oxide, CO 

05 1 

1 

05 

0 

0 

Methyl aldehyde, CH,0 

1 

11 

1 

1 

0 

Ammonia, NHg 

125 

0 

0 75 

15 

05 

Methylamine, CHjN 

175 

1 

2 25 

25 

05 

Cyanogen, N^Cj 
Hydrocyanic acid, NCH 

0 

2 

2 

0 

1 

0 75 

1 

125 

05 

05 

Marsh gas, CH4 
Acetylene, C 11^ 

2 

1 1 

2 

2 

0 

15 

! 2 

25 

1 

0 

Ethylene, C H4 

2 

2 

3 

2 

0 

Etliane, C Hg 

25 

1 2 

35 

3 

0 

Propylene, CjH^ 

25 

3 

45 

3 

0 

Propane, C,H„ 

3 

|3 

5 1 

4 

0 

Oxide of methyl, C^H^O, 

2 

1 2 

3 

3 

0 

Benzene, C^Hg 

25 

6 

75 

a 

0 

1 vol “ CaH;9 

i 

1 + 4 

1 ^ 

a 

-1 

0 5/3 

0 


II — Combustible by Hydrogen * 



® 1 

h 

to 

n 

Nitious oxide, N_jO 

1 

\ 1 

1 i 

1 

Nitiic oxide, NOf . 

15 

j 1 

1 

05 


The Practice of Gas Analysis 

In this section we take cognisance only of 
the chemical methods, and in regard to these 
confine ourselves in the mam to those apparatuses 
in which mercury serves as a trapping fluid 

Taking ordinary laboratory appliances for 
granted, all that gas anal} sis demands of special 
apparatus is a barometer, a pneumatic trough 
with transparent sides, and a series of glass 
tubes, closed at one end and open at the other, 
and provided, virtually, with two scales, of which 
one divides the gas capacity, and the other the 
axis, into units of sufticient smallness One or 
moie of these tubes must be provided near the 
closed end with a couple of fused in platinum 
wiies so that a combustible gas mixture in it 
may be exploded by means of an electric spark 
The possibility of obtaining exact results by 
means of these simple contrivances is proved 
by the fact that all the great gasometric woik 
of Cavendish and Gay Lussac, which laid the 
foundations for our present chemistry, was done 
with apparatus like those referred to, or even 
with apparatus of a lower order of complexity 
Of couise to obtain exact results we must be 
alive to all the numerous sources of error 
involved, and eliminate them as far as possible 
experimentally or otherwise It is one of the 

* A =E hydrogen necessary for combustion 

t Nitric oxide cannot bo burned with H, alone , It 
requires addition oi a certain proportion of N^O , and even 
then the oombuotion is irregular (Bunsen, Go* Meth. 
tnd ^ pp 96, 99; 


m 

merits of Bunsen to have done this for us, and 
to have thus brought the old method of ga9 
analysis into a form which, on the score of pre- 
cision at least, leaves nothing to be desired 

Bunsen's Apparatus and Methods, 
The first requisite of exact gas analysis, Bunsen 
says, is a special room in which the tempera 
ture IS subject to only slight, and to no sudden, 
variations The ideal gas room forms part of a 
substantial building , it is not warmed artifici- 
ally nor IS it contiguous to any other room thus 
heated , and its windows face the North, to keep 
out the sun In such a room the temperature 
during a working day remains constant as a rule 
to within 1°C although the variations of tern 
perature of the outside air may amount to as 
much as 12°C A charactoriitic of Bunsen’s 
method is that the chemical tieatment of a gas 
18 eSected in the tube m which it has been 
measured , but he uses two kinds of tubes, one 
for the absorptions, the other (eudiometers) for 
the combustions Both are about 20 mm wide 
(inside measurement , in narrower tubes the 
capillarity assumes measurable values) and 
2 mm or so strong m the body, which strength 
suffices even for the eudiometers The absorp- 
tion tubes are about 250 mm long, and are pro- 
vided with spouts, BO that a gas contained in one 
can be transferred to another tube by laying 
down the absorption tube m the trough In the 
case of the eudiometers a length of 500-600 mm. 
suffices for all ordinary purposes The platinum 
wires are fused m somewhere near the closed end, 
and are bent so that the two ends stand opposite 
each other at a distance of about 2 mm Every 
gas tube is provided with an etched in milli 
metre scale, and the gas volumes corresponding 
to the several marks are determined by calibra- 
tion, so that each tube is a laboratory, a volu 
meter, and a manometer, in one The scale is 
figured from the closed end downwards To 
calibrate a tube it is fixed, open end upwards, in 
a vertical position , successive, exactly equal, 
quantities of mercuiy are introduced, each cor- 
responding to some 20 mm of scale, and after 
each such addition the exact position of the top 
of the meniscus in reference to the scale is ob- 
served by means of a horizontal telescope stand 
ing at a distance of 1-2 metres, and the readmgs 
are taken down, care being taken, before each 
reading, to remove any air bells that may bo 
imprisoned between the mercury and the sides 
of the tube, by means of a long stick of whale- 
bone The measuring off of the standard volume 
of mercuiy is effected by means of a short stout 
test tube, ground exactly flat at its lipless run, 
and provided with a lid of ground plate glass 
It IS filled from a pipette like reservoir provided 
with a long narrow outlet tube and a stop cock 
at the top end of this tube If care be taken so 
to operate that the mercury, while it fills the 
measure, forms one continuous mass, the forma 
tion of air bells is easily avoided The measure, 
while being filled, is held in a wooden clip (not 
directly m the hand, which would cause the 
mercury to expand) while the lid is slung to the 
thumb of the same hand The measure is filled 
to overflowing, the excess of mercury is removed 
by putting on the lid, and the mercury is poured 
into the tube 

The mercury measure is assumed to hold 
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* V * volumes of mercury v being so chosen 
that, for diffeionces of capacity at least, the 
numerical value of the volume corresponds as 
nearly as possible with the respective scale 
leadings, so that, for small differences, e\ery 
1 mm of difference of level can be assumed to 
coriespond to unit volume {le to Av = l) 
bupposing after addition of A, measures tull of 
meicury the meniscus stands at b mm , the 
volume of the body of quicksilver now in the 
tube is kv units by definition , but the gas 
volume corresponding to b is greater than kv, by 
the volume x of the 1X( shaped space between 
the meniscus as it is when the gas is being 
measured, and the meniscus as it was in the 
calibiation To determine x, we pour some cor 
rosive sublimate solution on the meniscus (after 
having read off the number b in calibration) 
which causes the meniscus to flatten out into 
a plane, and we read the position of this plane 
which stands say at b 5 mm Counting fiom 
some horizontal reference plane 00 upwards, the 
volume of the mercury and the total space from 
00 to the horizontal plane through n are constant 
The volume has become visible as a cylinder 
of the height S millimetres, and consequently 
of the capacity of 5 ‘ units ’ Hence the gas 
volume corresponding to point b is A;u4-25 
From the values /cm- 25, and the corresponding 
readings b' b" b'" &c , it is easj (though tedious) 
to calculate a calibration table which gives all 
the gas volumes from mm to mm directly In 
reading off with a good telescope one soon learns 
to divide every individual degree into tenths by 
the eye, the (Av)s corresponding to them are 
found by interpolation from the tabular entries 
Should the tube be used for measuring over 
water, we lemove the meniscus correction by 
subtracting 25 from the registered volume, and 
thus obtain as good an approximation to the 
gas volume over water as is called for in such a 
case 

During the course of the calibration the tern 
perature of the mercury must be kept as nearly 
as possible constant, or else the values recorded 
for the lower marks may be very appreciably 
incorrect It is well to record the mean tern 
perature during the period of calibration, and 
to determine the weight in grams of a measure 
full {v * volumes ’) of mercury at in order to 
be prepared for reductions of gas volume to gas 
weight One gram of mercury at 0°C occupies 
0 07355 c c (log 5 866589), and the volume at 
t°C is 0 07355 (1 -f 0 0001814 t)cc 

To prepare a eudiometer for receiving a gas 
we first make it rigorously clean, and next, if 
the gas IS meant to be measured ‘ moist,’ attach 
a small drop of water to the closed end, which 
during the operation of filling with mercury 
gets flattened out and spread over the inside, 
and so offers a large surface to the gas The 
mercury is mtroduced through a long funnel 
tube (provided with a stop cock at the bottom 
of the funnel) which goes to the bottom of the 
eudiometer By means of this arrangement it 
IS easy, after the mtroduction of the first thimble- 
full of m^tal, to let the mercury in eudiometer 
and funnel form one unbroken mass, and thus 
to avoid formation of air bells at the sides of 
the tube * 

* In regard to JbhB oOlleotion and preservation of gas 


Assuming the gas to have been mlroduoed, 
and the tube to have been fixed in a veitioal 
position, wo begin by preparing for the reading 
of the level of the trough by inserting a paper 
screen, provided with a <3^ shaped perforation, 
between the mercury and the fiont (glass) wall 
of the trough, which gives a faiily distinct imago 
of the line of intersection between scale and 
trough level plane , we then suspend the ther 
mometer somewhere close to the tube and next 
leave the room for a time to allow the gas to 
assume the temperatuie of the air On return 
ing we read off 

1 The position e of the meniscus in the 
tube 

2 The level of the mercury in the trough, b^,. 

3 The temperature, t° 

4 The barometer , let i^s height be = Bmm 
This reading comes last because the barometer 
requires to be tapped before being read and this 
cannot be done from a distance 

In the \ast majority of cases the tempera- 
tuies for the several gases to be com 

pared do not differ much from their mean , 
hence, even if they differ consideiably from the 
temperature which prevailed m the calibration, 
the value furnished by the calibration table for 
B can be put down as the correct relatne 
volume of the gas measured , and the pres 
sure of any mercury column measuied may be 
identified with its nominal height in mms as 
read Hence we have for the pressure of the 
dry gas at the observed volume p = 
B -f B — (r<, 4- tt) where tt is the maximum pressure 
of steam at and for the gas quantity (the 

volume reduced to unit disgregation) 

(see theoretical part) 

Bunsen prefers reducing to 0®C and 1000 
mm pressure by the formula 

® 1000(1 +0 003(.650 

which, if a table of the logaiithms of all the 
values (1 -f- a ^) is at hand, is as short a method 
as the one recommended by us 

Corrections of tube capacities and mercury 
heights for variations of temperature occur 
only in the rare case when one of the gases 
concerned in the analysis was measured at an 
artificially established high temperature t In 
this case the value v furnished by the calibia 
tion table for the reading b must be corrected 
thus — 

(True capacity down to b) =v[1 + ^(^ — ^o)] 
where A stands for the coefficient of the cubical 
expansion of glass, and may be put down at 
27 6 X 10~® And for the observed height 7t of a 
mercury column measured at a high tempera 
ture i we must substitute the height of the 
equivalent column of mercury of degiees 
stands in both cases for the average temperature 
that prevailed durmg the determmations made 

in the ordmary manner Obviously \ «» 

and with sufficient exactitude 

samples, and the mode of introducing a sample into the 
eudiometer, we refer to Bunsen s Oasom*‘t ruche Mtihodm, 
second edition, Braunschweig 1877 The flrs<- edition, 
1857 was translated into English by Ilo8coe,and pablUhed 
by Walton and Maber ey, London • 
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k m 00018 — Stuotly speaking the nominal value 
L of a piece of millimetre scale as measured at 
t should be corrected thus 

(True length at t)~h{l + (f-fo)9 2 x 10"®) 

(It is easier to remember that 1000 mm expand 
by 0 02 mm per lOO'^ of increase of tempera 
ture ) But our work must be very exact to be 
worth this correction It is more relevant to 
state that whenever we wish to make use of 
Kegnault’s determinations of absolute gas 
densities we must measure by his unit of 
(temperature and) pressure, and consequently 
reduce our mercuiy columns to true mm of 
meicury of O'^C Kegnault’s densities d, on 
the other hand, ought to be reduced to the 
giavity of the place of observation , this correc 
tion, however, may as a rule be neglected 

For the execution of an absorption the most 
obvious method is* to shake the gas with the 
respective leagent m the liquid form, and to 
measure the gas residue as it stands over the 
layer of liquid reagent But this method is 
in general attended with a number of obvious 
grave errois, and, besides, does not readily adapt 
itself to the successive application of different 
reagents To overcome these difficulties Bunsen, 
as a general rule, uses all the absoi bents in the 
form of solid or semi solid balls, hxed each to 
the end of a platinum wire Caustic potash, 
chloride of calcium, &g , are cast in a bullet 
mould around the coiled up end of the wire 
To bring sulphuric acid, alkaline pyrogallate 
solution, and other intrinsically liquid reagents 
into a quasi solid form, a ball of some suita 
ble poious material— battery charcoal for vitriol, 
papiei mache for pyrogallate, dc — is fixed to 
the end of the wiie and the ball is then soaked 
in the respective liquid In this manner it is 
quite possible to accomplish an absorption even 
\Mth oil of vitriol, without soiling the tube or 
the mercury to an inconvenient degree Ke 
agent vapouis left after an absorption, or foreign 
vapours produced by the reagent — eg the SO, 
and bO^ which are always left after an ab 
rorption of olefines by fuming vitriol — must of 
course be removed by suitable reagents (SO, and 
SO by a soft potash ball) before the lesidue 
is measured As small remnants of, for instance, 
KHO, remain unavoidably in the tube, the resi 
dues must in general be measured dry, because 
the pressure of water m the presence of moist 
kHO IS incalculable 

The weak point in Bunsen’s method is that 
it 13 tedious, and that it does not enable one to 
see the end of an absorption otherwise than by 
the repetition of the process with a fresh leagent 
ball Bunsen himself has indeed come to effect 
carbonic acid absorption, by shaking the gas 
with solution of caustic soda, and measuring 
the gas residue over the layer of reagent To 
be able to correct for the pressure of this layer 
and for the vapoui pressure of the reagent, he 
employs it in the form of a standardised solution 
containing exactly 7 p c of NaOH, which has a 
practically constant specific gravity He has also 
determined the course of the pressure curve by 
Biandaid experiments, the results are embodied 
m a table appended to his Oasometnsche Metho 
deut second edition 

In this connection we must refer to an 
ingemous method devised by Russell (C J [2] 


6) He mtroduoes the reagents as solutions by 
means of a graduated syringe, and after they 
have done their work, removes them by means 
of a ball of cotton wool, previously rendered air 
free by kneading it under mercury To remove 
what adheres to the tube and mercury he rinses 
the inside with some injected water and removes 
this by a fresh cotton wool plug 

In tlie analysis of a gas by combustion a 
necessary preliminary step is to remove (and 
determine) what there may be of SO,, CO^, NH,, 
and similar gases, by suitable absorbents Part 
of the residue is transferred to the eudiometer 
and measured Let its volume (reduced to, say, 
unit disgiegation) be equal to v units The ne 
cessary quantity of oxygen or hydrogen is now 
added and its quantity is determined by mea 
surmg the mixture (let its red volume be v') 
The mixture is now rendered explosive, if ne 
cessary, by adding the requisite proportion of 
fulminating gas, the whole is well mixed and 
prepared for explosion by pressing the open end 
of the eudiometer firmly against an india rubber 
pad lying on the bottom of the trough The 
upper surface of the pad must have been rendered 
air free by rubbing it over with a few drops of 
corrosive sublimate and mercury After these 
preliminaries the combustion is effected by pass 
ing an electric spark through the mixture After 
the combustion, the eudiometer is carefully lifted 
from its cushion, so that the mercury enters 
slowly and without drawing in air The gas, 
after having been allowed to cool down to the 
temperature of the room, is measured, to deter 
mine its reduced volume v" From the data 
obtained so fai, we have for the contraction per 
unit of original gas , 

C=- (»'-»") 

After this determination comes, if necessary, 
that of the water produced which of course is 
practicable only if the original gas and the 
added oxygen were used m the state of perfect 
dryness and any added fulminating gas measured 
exactly To determine the water— of which 
part m general separates out m the liquid form 
— the eudiometer is lifted out of the trough by 
means of a small beaker, and with it, as its 
temporary trough, placed within a glass cylinder 
thiough which a current of steam can be passed 
to raise the temperature of the whole to some- 
thing like 100°C The exact temperature f" 
13 noted down If care be taken to ai range 
matteis so that the pressure of the gas mixture 
pioduced IS not more than 0 6-0 6 atmospheres 
the steam may be practically regarded as a 
perfect gas, so that the measurement 6f the 
mixture enables one to calculate its quantity 
If the red volume of the mixture be v ", we have 
for the steam per unit of onginal gas , 

K'-t/') 

In this measurement the corrections for the 
expansion of the glass and mercury, which were 
referred to above, necessarily come in 

The determination of the carbonic anhydride 
produced is effected by caustic potash In an 
aliquot part of the residue, the surplus-oxygen 
(or hy<£rogen if we have to deal with a gaa 
combustible by hydrogen) is determined, if necee- 
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•ary Oxygen can be determined by explosion 
with excess of hydrogen (its quantity is J of 
the contraction), or it may be determined by ab 
sorption with pj rogallate , hydrogen is deter 
mined by explosion with excess of oxygen, ^ of 
the contraction is the \olume of the hydrogen 
The nitrogen is found by difference The method 
of combustion — as a method of ultimate analysis 
at least — is susceptible of a high degree of pre 
cision, which, however, is attained only if we 
take care to avoid its numerous sources of error 

I The reagents used must be absolutely 
ure, which of course includes absence of air , 
ence in any case the gas evolution apparatus 
employed should be no larger than is absolutely 
necessary, so that the air space is reduced to its 
minimum 

Pure oxygen is easily made A few grams of 
pure potassium chlorate are introduced into a 
little bulb blown to the end of a glass tube, and 
the latter is. then drawn out and bent into the 
form of a gas delivery tube The rest needs no 
explanation 

Pure fulminating gas is best produced 
electrolytically from 10 per cent puie sulphuric 
acid The two elements are sure to be produced 
in the exact ratio of H 5O2, but whether the 
gas as it comes off really has this composition 
depends on the observance of certain conditions 
whiCh cannot be formulated better than by a 
description of Bunsen’s apparatus (Fig 1) 



Fig 1 


The decomposition cell consists of a cylmdiical 
bottle provided with fused in platinum electrodes 
aa, and terminating in a funnel , it is filled 
with the acid up to about yths of its capacity 
The end e of the washing bulbs and delivery- 
tube is ground into the neck of the funnel , a 
few drops of acid poured o\er the joint make it 
absolutely tight The bulbs d are charged with 
a few drops of oil of vitriol to dry the gas 
evolved The bottle is suspended within a bath 
of water c c (or alcohol to avoid its freezing in 
winter time) To produce a current of fulmi 
nating ga% the wire ends bb are connected with 
the poles of a battery of four ‘ Grove * or 
‘ Bunsen ’ cells, and the gas evolved during the 
first five minutes is allowed to escape in order 
k> expel the air, and to establish absorptio 


metnc equilibrium between the gas above, and 
the gas held in solution by, the acid As oxjgeii 
has a greater coefficient of absorption {$') than 
hydrogen (j8 '), the first portions of gas that coma 
off contain an excess of hydrogen Besides, the 
ratio /3' varies with the temperature , for 
this reason, and also to avoid undue heating of 
the conducting wires, the bath is used 

Imagine the apparatus to be so modified 
that the oxygen electrode is immersed in a mass 
of liquid zinc amalgam, which takes up the 
oxygen as quickly as it is liberated from water, 
and you have Bunsen’s apparatus for producing 
pure hydrogen But a sufficiently pure gas for 
most purposes can be obtained in the ordinary 
manner, namely, by the action of 10 p c (pure) 
sulphuric acid on pure zinc, in the presence of 
platinum within a small, narrow necked, flask 
The hydrogen thus evolved is filtered through a 
short nairow tube full of fragments of caustic 
potash to remove traces of sulphuretted hydrogen 
and moisture 

II The second point to be attended to is 
that the quantity of oxygen (or hydrogen) added 
to the gas to be burnt must be in excess over 
the calculated quantity (a large excess is not 
necessary) The mixture must be peifectly 
homogeneous before the spark is sent through 
It 

III The gaseous mixture must be brought 

to a proper state of attenuation Let us assume 
that the gas to be burnt is a pure specimen of 
H, CO, CH^, or some other gas A glance 

at the foimula shows how many volumes of 
oxygen we have to add to produce what we may 
call the respective fulminating gas Thus the 
equation C Hj + dO =2CO + 2H O, tells us that 
every one voi of ethylene needs 6 vols of oxy 
gen Any fulminating gas will explode when 
the spaik is sent through it at the ordinary 
pressure, but the force of the explosion is in 
general more than the best eudiometer will 
stand To avoid such accidents, we must 
attenuate the gas by addition of diluents (such 

I as surplus oxygen or air), or by mere expansion, 

I or in both ways In practice we must go even 
beyond the safety point, because in most cases 
nitrogen is present even in the original gas, and 
a considerable quantity of this nitrogen may be 
converted into nitric acid if the temperature of 
the flame is too high But we must take care 
on the other hand not to attenuate too largely, 
or else the mixtuie may miss fire, or, what is 
worse suffer only partial combustion The effect 
of an explosion — in the chemical, physical, and 
mechanical, sense — is determined by many inde 
pendent variables, which, if arranged in the order 
of their importance, would begin with the che 
niical constitution of the gas to be burnt, and end 
with the relative narrowness of the eudiometer 
But given a certain eudiometer, and-suppose it to 
be charged with a certain fulminating gas which 
contains, let us say, unit vol of the respective 
*juel,' measured at the ordinary temperature 
and the pressure of one atmosphere, the attenua 
tion of this gas to a certain eudiometer space, 
equal to a units of vol , will render the explosion 
both safe and effective a of course has one value 
if the attenuation be produced by mere expan- 
sion (mere reduction of pressure), another value 
if it be produced — at, say, 1 atm pressure — by 
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addition of air, a third, fourth, (to , in inter- 
mediate oases , each case fortunately admits of 
a liberal toleration, ± (A a) The a for a given 
species of fuel can of course be determined only 
by experience , supposing it has been ascertained 
for H, CO, CH4, and the value for CH4 is a^,, we 
might suppose that the proper a for C^H, or 
C^Hg would be about 2A(„ that for a C, gas about 
3a^, <tc , but unfortunately the supposition is 
not borne out by experience , C^Hj, for instance, 
explodes far more violently than C^H^, although 
it contains less hydrogen per molecule But to 
pass to experience According to Bunsen and 
Kolbe, the explosion of ordinary fulminating 
gas (H4 + in admixture with air takes its 
normal course at from 600 to 600 mm total 
piessure, if the percentage of the explosive gas 
lies between 20 8 and 89 1 According to our 
calculation from thd data of the five experiments 
recorded by Bunsen, this comes to the same as 
saying, if the partial pressure of the fulminating 
gas lies between 108 and 230 mm , or if a, re 
ferred to the hydrogen, is between 4 9 and 10 5 
If A > 10 5, the gas fails to burn , if a < 4 9, 
nitric acid is produced In the combustion of 
a given quantity of oxygen by added hydrogen, 
we may use 3-10 volumes of the latter, per 1 vol 
of oxygen, if we start with almost pure oxygen 
In the analysis of ordinal y air, 0 5 — 1 vol of 
hydrogen per 1 vol of air works well (Bunsen) 
Whenever hydrogen is used as a reagent, the 
chance of nitrogen being drawn into the com 
bustion 18 relatively small, so that we have greater 
latitude on this score, in choosing our conditions 
If the oxygen to be determined is accompanied 
by an unknown proportion of nitrogen, we first 
try two volumes of hydrogen for one of total 
gas , if the mixture fails to explode properly we 
add the requisite proportion of fulminating gas 
t e so much of the latter that it forms about 40 
p c , but no more, of the whole, and explode 
again, this time presumably with success (Bun 
sen) In the case of marsh gas, Bunsen diiects 
us to add 8-12 volumes of air besides the neces 
sary 2 volumes of oxygen, which, assuming the 
mixture before the explosion to be at 600 mm , 
makes our a equal to 14 to 19 For C^H^, his 
directions are somewhat obscure, but in a test 
analysis quoted by him, the pressure of the 
mixture as exploded was 54G mms , and it con 
tamed 0 04868 of its vol of C Hence a = 28 6 , 
and the partial pressure of the explosive gas 
(C^H, + 30^) was 106 mm 

The addition of large volumes of air to the 
gas to be analysed does not of course add to the 
precision of the work generally, and in the best 
case will render the determination of the nitro 
gen m the ultimate product somewhat uncertain 
Thomas {C J 35, 213) was the first to sub 
stitute mere expansion for dilution , the (Frank 
land) apparatus he used enabled him to do this 
without trouble Lothar Meyer and Seubert (C J 
46, 681) have lately taken up the same method 
and rendered it available for Bunsen’s apparatus 
by the invention of an auxiliary apparatus in 
which a kind of mercurial air pump, constructed 
on the Geissler principle, serves to estabhsh any 
desired pressure at same time m the eu- 
diometer and in a moist vacuum barometer, so 
that the difference of level between the menis- 
Guies of the two at once gives the pressure of 
Vol L 


the dry gas By means of this apparatus, they 
ascertained, for each of a senes of gases com 
bustible by oxygen, the minimum pressure at 
which the undiluted fulminating gas is exploded 
by an electric spark, and also a range of pres 
Bures at which the explosion is both safe and 
effectual The foUowmg table summarises what 
for us are the mam results To explain the 
headings let us give the reading of the table for 
CH4 m full Imagine a given quantity of maish 
gas mixed with a little more than two volumes 
of oxygen , this mixture will explode normally if 
its pressure is reduced to p = 140 mm by mere 
diminution of pressure, the partial pressure of the 
CH4 itself will now be at 47 mm , and its attenua- 
tion (as defined above) at a = 16, that is to sav, 
every 16 units of vol of the expanded mixtuie 
contains 1 vol of CH^ measured at 760 mm 



P 

P 


Fuel 

In millimetres 

A 

CH4 

140 

47 

16 

C,H4 

70 80, say 75 19 

40 6 


40-60, say 45 13 

69 1 


80 

14 6 

52 2 

CA 

80 

13 3 

67 0 

CO 

243-219 

162-146 

4 7-6 2 


176-127 

117-85 

6 5-9 


(Partial Pressures ) 


[H, 

176-127 

117-85 

4 9-10 5] 


[By Bunsen and Kolbe’s expenments {v^vde 
supra) y air added as diluent, total pressure in 
the mixture as exploded, 520-590 mms ] 

With Meyer and Seubert ’s, or some other 
equivalent, apparatus at hand, the order of 
operations with a gas of unknown composition 
16 as follows — After having added a sufficient 
volume of oxygen, we next expand so largely as 
to be certainly on the right side of the safety 
line, and apply the spark, if no explosion occurs 
we repeat the trial at successively greater 
pressures Should the greatest available pres 
sure fail to pioduce inflammability, we add a 
suitable proportion of ordinary fulminating gas 
(Hj + as above explained, (fee , (fee 

The Bunsenian mode of gas analysis, while 
perfection m regard to precision and elegance, 
IS very wasteful of time, for obvious reasons, 
which any reader who has followed us so far 
will easily discern The desire to do away with 
this evil has led to the construction of quite a 
series of more or less complicated gas appa 
ratuB The more important of these aie 
described in the following paragraphs To 
avoid repetitions, let us state beforehand that 
all the apparatus to be noticed agree in the 
following points — 

1 For accelerating the absorptions the re 
agents are all used as liquids, and the absorp- 
tions are carried out in a special piece of 
apparatus (laboratmre) , the residual gas is then 
transferied to the measurer^ where it is saturated 
with vapour of water, and measured 

2 The measurer is immersed in a water bath 
to bnng the gas contained in it to a definite 
constant temperature, without much loss of 
time 

8 The mode of measurement is so contrived 
that the calculation of the gas quantities (Ihe 
Qs) becomes very easy or even unnecessary 
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BegnauU and Beuet Ch [8] 26, 883J, 
vlule engaged in their great research on respi 
ration, felt the want of a quick working appara- 
tus for the numerous gas analyses involved, and 
at last adopted the combination represented in 
2 and 2a The vertical tube a conjointly 
With the moveable trough ▼ constitutes the 
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laboratory , the measurer consists of a long | 
U tube, the limbs of which are of glass, while ' 
the bend consists of an iron or steel tube, ter- 
minating in two sockets b and c (see auxiliary 
figure 3), in which the two glass tubes b and 
c are fixed by means of a resinous cement A 
two way cock b below b (fig 3) enables one to 
effect the necessary connections Tube b is 
provided with a couple of fused in platinum 
wires near its top, so that it can be used for the 
combustions as well as for the measurements of 
the gases Tube c conjointly with b serves as 
an open manometer The capillary ends of a 
and B are cemented, each into the socket of a 
capillary steel stop cock, and the ends of the two 
steel fittmgs which face each other are shaped 
80 as to constitute the two halves of a RegnavXU 
coupling, so that the two tubes can be united 
hermetically, or can be separated, at a moment’s 
notice The construction of a Begnault’s coup- 
ling IB seep from fig 4 To unite a and b, the 
convex end of r (fig 4) is smeared over with 
melted mdia rubber, pressed against the con- 
cave part a' b', and the two are then bound 
together by means oi the clip a** Aj the conical 


groove in cf* has a slightly less angular 
aperture than the sharp welt which it goes 
over, if the two halves of a'* are screwed against 
each other, they exert a powerful pressure, and 
make the joint absolutely tight The volumeter, 
B, in the original apparatus, had only one 
mark, somewhere about the middle, but the 
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mventors subsequently added two more, one 
close to the upper end, and one near the lower, 
for the measurement of exceptionally small, or 
large, quantities of gas The manometer o is 
not graduated, as the apparatus is intended to 
be used with a cathetometer , where this costly 
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mstrument is not at hand, tube o must be pro* 
vided with a millimetre scale 

To prepare the apparatus for use it is placed 
on a substantial support not liable to incon- 
venient vibration, and the three levelling screws 
of the stand are adjusted so that the tubes 
B and 0 stand vertical To determine the 
relative gas volumes corresponding to the three 
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iTfttVg, the volumeter is filled with mercury, 
through 0 , and after the air bells have been 
removed by the well-known artifices, the weights 
of mercury w,, w^, Wj, which the tube holds 
from its exit end at r (fig 2a) to the highest, 
middle, and lower, mark, respectively, are deter- 
mined For comparative measurements the 

volumes are put down as = and — ^ 

W(, Wo Wo 

respectively In the absence of a cathetometer 
the level points of the three marks on the scale 
c must be determint^i with the help of an ordi 
nary gas room telescope Lastly, a drop of water 
18 introduced into b and spread over its surface 
To analyse, say, a mixture of carbon dioxide, 
oxygen, and nitrogen, a sample of the gas is 
collected over mercury in a (perhaps with the 
help of an auxiliary trough) , tube a is coupled 
on to B (which is supposed to be quite full of 
mercury), and the gas is sucked into this tube 
by letting mercury run out at z b having 
been closed by shutting the cock r, communica 
tion IS made with c, and mercury is run out 
until the meniscus in b stands at say exactly 
the middle mark , the final adjustment is made 
with the telescope when the tempeiature of the 
gas has certainly become equal to that of the 
bath When the final reading is made, b 
must of course communicate with o only The 
reading of the height h of the mercury column 
in c, counting from the respective maik up or 
down as the case may be, and the reading of the 
baiometer, complete the measurements Sup 
posing to be positive, and the barometer to 
stand at d, the gas quantity measured is 

(Vo=l) X (/i + b-tt) 

27d-(t 

To absorb the carbon dioxide, the laboratory 
tube (which was left full of mercury) is charged 
with a little caustic potash solution, and the gas 
IS blown into it from b By letting the gas 
travel forwards and backwards between a and b 
a number of times, the absorption can be com- 
pleted in a short time The residual gas is then 
sucked back into b, care being taken to shut the 
cock r' as soon as the potash solution comes to 
some mark tr, in the capillary part of a The 
thread of gas from <r to r which is thus lost is 
of no consequence, as it amounts to only of 
v„ The mixture of nitrogen and oxygen is 
measured as before The rest requires no ex- 
planation If all the several gases are measured 
at the same temperature and volume, the (dry) 
pressure p', p", p'", of course may be taken as 
representing their qs (red vols ) 

Frankland and Ward, in 1853, introduced an 
ingenious modification of Begnault’s apparatus, 
which differs from the original model chiefly in 
this, that the volumeter bears ten marks, so 
adjusted that the respective gas volumes are to 
one another as 1 2 3 10 exactly, and 

that in addition to Regnault’s open tube o (Figs 
2, 2a), there is a third tube, d, which terminates 
above m a stoppered funnel or stop cock Tube 
i> stands in the same water bath with b and o , 
when used it contains only mercury and a httle 
water, and thus assumes the character of a 
'moist’ barometer, which serves to directly 
meaHure the dry pressure of the gas shut up m 
B. Tube 0 (in F and W ’s apparatus) serves only 


for the introduction of the mercury The leveld 
of the ten volumeter marks, in reference to the 
scale on the barometer, are of course determined 
once for all, hence the measurement of a gas, 
supposing its volume to have been adjusted to 
one of the ten marks on the volumeter, involves 
only one reading, namely that of the height of 
the meicury column in the barometer, which 
balances the (dry) pressure of the gas Another 
advantage of F and W s appaiatus is, that for 
each gas measurement it gives one the choice 
among at least some three of the ten standard 
volumes, and thus enables one to reduce the 
error by an obvious method of repetition Un- 
fortunately, however, the barometer rather 
aggravates what in the original apparatus is a 
sulficient trouble, namely, the liability of the 
apparatus to get out of order However care 
fully it may have been constructed, the joints 
between the glass tubes and their sockets are 
sure to become leaky, and the capillaries between 
the laboratory and the volumeter are exaspera 
tingly fragile 

McLeod [1860] (C / [2] 7, 314), and Thomas 
[1879] (C J 35, 218) endeavoured to remedy 
these evils, and to effect other improvements 
lor details see the papers referred to 

Infinitely handiei than Regnault’s unwieldy 
machine, though not quite equal to it in poten- 
tial precision, is 

Doy fare's Apparatus — (First notice dates 
from 1818 Full description in A Ch [3] 28, 1 ) 
The essence of Boy^re s system is that the 
measurement of the gases is effected in a plain 
graduated eudiometer, while a series of Ettlmg’a 
gas pipettes serves for the chemical treatment 
of the gases, and their transference from vessel 
to vessel The Ettling gas pipette is depicted 
m fig 6, and a glance at the figure suffices to 



show, in a general way at least, how the instm 
ment is used for the transference of a gas from 
one tube to another , nor is it necessary to for- 
mulate the conditions or limits of its availability 
The measurer (fig 6) when in use is snspendM 
over a pneumatic trough, deep enough to admit 
of the total immersion of the measurer, and is 
surrounded by a mass of water contained in a 
cistern whose sides are of plate glass, while the 
mercury of the trough forms its bottom To 
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prepare the measurer for the reoepUon of a gas, 
it IS cleaned, slightly moistened inside, trans 
lerred to the trough by means of the portable 
mercury trap (fig 7) fixed in the clip n, and 
filled with mercury by sucking out the air, by 
means of the U shaped tube (fig 8) The gas, 
which we Will suppose to be contained in a gas- 
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pipette, 18 then blown in, to be measured a*^ a 
certain fixed disgregation, which is kept rigor 
ously constant for the set of gas quantities to 
be compared A glance at fig 6 at once suggests 
a mode of fulfilling this condition But this 
mode IS not Doy^re’s He allows the tempera 


L/ 

7 FlCka 

ture of the bath and the barometer to take care 
of themselves, but before each measurement he 
so adjusts the height of the water m the bath 
that the volume of a certain fixed quantity of 
air, shut up over water at a place withm the 
prater of the bath, assumes a certain fixed value, 



V, The standard body of air is contamed m 
the * Rigulateur ’ (fig 9), a kmd of air ther- 
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mometer which is fixed against a glass plate, 
and, by it, suspended at a certain (by intention 
constant) height over the mercury level of the 
trough The water of the bath goes to some 
point B in the ascending branch of the capillary 
U tube, BA is a thread of air, from a down 
wards there is a continuous mass of water, over 
which the standard body of air is shut up at 
B Before each gas measurement, the height 
of the water in the trough is so regulated (by 
means of taps) that meniscus a stands at some 
determined point of the scale, and the air which 
serves as regulator is consequently at some fixed 
volume Vo This being done, the eudiometer 
18 raised or lowered, until the height of the 
column of mercury suspended in it is at some 
fixed value, \ As a result, the g s is now 
practically at least, at a fixed disgregation 

Proof The pressure of the gas exceeds that of the air 
of the regulator by where A standa for the 

height of B ‘ over ’ a (we refer to the regulator) and for 
the height from the level in the trough to that In r of the 
regulator— both reduced to mercury With a properly 
chosen the value c=A+p,-Ao, if not nil, Is at least 
small, and nearly constant. Now supposing we have, for 
two Buooessively measured quantities of gas, I and II 

I n 

Por the regulator-air v„ y , p' v„ , t'' , p" 

Porthegas v'.t' (p'-fc) v" t",(p''+c) 

As the regulator-air is at the oonstwt volume, v«, we 

have 

T' T'' 


yt yll 

The ‘ reduced volumes (the qs) of the two gases are 
v*(P^+c) _ . , (p^^+c) 


and, as e is but small, we may write 
p'orp^' 

Q' f , c / \ 1 




As both factors in the second term with the bracket I 1 
are very small, we have practically, ^ 

Q' Y* 




As the measurer is necessarily very smallf 
Uie adjustment of A, must be made, and the 
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gas Yolamei read, with more than ordinary 
exactitude Doy^ro accordingly provides a 
amall short vision telescope, which has a glass 
micrometer scale (fig 10) in its focus The 



Fig 10 


telescope is attached to a three legged stand 
(which rests on a horizontal glass plate fixed on 
the table close to the trough), in such a way 
that m all the necessary shiftings the optical 
axis remains paralfel to, or when necessary, in, 
the same horizontal plane To adjust \ the 
telescope is so focussed that it gives a distinct 
image of the mercury meniscus m the trough, 
which image is then made to coincide with line 
0 -c' (or bb' if the telescope is an astronomical 
one) The eudiometer is then lifted or lowered 
until the image of the top of its meniscus 
touches the central line a-a', which assigns to 
a definite, though unknown, value This 
adjustment being made, the telescope is drawn 
backwards a little on the glass plate to afford 
a good image of the eudiometer scale, and to 
enable one to read the volume of the gas The 



micrometer scale serves to sub divide the indi 
vidual divisions on the eudiometer, which it 
does with an amply suflacient degree of precision 
Before reading \ the eudiometer must be tapped 
to bung the merounal memscus into its normal 
shape 

Assuming now that a gas, measured as de- 
scribed, contained carbon dioxide and air, and 
that we wished to determine the carbon dioxide 
by absorption with caustic potash We begin 
by charging a gas pipette with mercury to about 
the extent shown i^ fig 5 We then take the 
pipette to an auxiliary trough, immerse its (J 
in the well, and, after having blown out the air, 
suck in the requisite quantity of caustic potash 
solution from a test tube inverted over the 
trough, taking care not to lei any more mercury 
follow than is necessary (juraotically) to trap 


the oontenta by » thread of mercury ( I W* 
then transfer the pipette to the measurer con 
taming the gas (as indicated m fig 6), press 
down the measurer over the outer branch of 
the U t and transfer the gas from the measurer 
to the pipette, by sucking at a, until drops of 
mercury are seen to fall into the working bulb, 
hut no Icniger Things are now m the condition 
depicted in fig 11, and all that remams to be 
done is to agitate the contents gently so as to 
insure absorption of the CO^, and then to return 
what is left of the gas to the measurer This, 
however, is a delicate operation, which in the 
hands of a begmner is not unlikely to fail The 
first step IS to replace the pipette under the 
measurer, to lower the latter sufficiently (v 
infia), and to blow into the pipette so as just 
to dislodge the mercury thread t I Supposmg 
the pipette contains no more surplus mercury 
over and above that which was in it at the 
beginning, then as long as the memscus in the 
eudiometer is below or at a level with that of 
the mercury in the trough, as it is underneath 
the bath, only part of the gas will pass out of 
the pipette into the eudiometer The second 
step IS to lift the pipette, so that its outflow 
end, B (fig 6) or I (fig 11), becomes visible 
within the gas space of the measurer As long 
as it IS there, and the pipette is kept vertical, 
whether the gas flows out of b, or in at b, or 
remams at rest, depends mainly on the pressure 
of the gas m the eudiometer, and consequently 
on the altitude of the latter But this altitude 
we have under absolute control Hence what 
we have to do is carefully and slowly to lift the 
eudiometer until the thread of liquid reagent 
which makes its appearance as soon as the bulk 
of the gas is out, has come to, say, 2 mm from 
the outflow end We then stop sucking, put the 
pipette down on the table (which of course at 
once seals the end b with mercury), suck at a 
until we see mercury dropping into the pipette, 
take the pipette out of the mercury, and put it 
on the table to have it at hand for a repetition 
of the absorption 

The sequence of operations described is not 
quite so easy m practice as it looks on 
paper, because success depends largely on the 
permanence of the position of the pipette in 
reference to the plumb line Tilting over the 
pipette m the direction of the U means adding 
to the pressure of the gas inside, and vice versd 
For the explosions, Doy^re provides a special 
stout pipette, with fused in platmum wires, die , 
but the method of combustion finds little favour 
m his eyes, because his apparatus does not 
readily fall m with its requirements 

In conclusion, the writer may be permitted 
shortly to describe an apparatus of his owh 
invention, which, thanks to the valuable assist- 
ance of Mr Lennox, he was enabled to con- 
struct on his own premises, and which has 
smee done him good service 

Dittmar^s apparatus, like Boy^re’s, is based 
upon the Ettlmg gas pipette Apart from the 
necessary two troughs, it consists of the follow-^ 
mg three independent parts 

The measwer (fig 12) is a combination of 
a wide with a narrow glass tube, after tlie 
manner of Gay Lussac's burette. The wide 
tube communicates by its lower contracted end 
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5 priith ft long OftpUlftry tub^ of india rubber, and volumes are counted from the point of the 
trough it with a Geissler mercury reservoir junction, because, after the introduction of a 
At their upper ends both tubes are provided gas, the narrow canal firmly retains its thread 
With Geissler stopcocks , to the exit end of the of mercury The measurer holds a fixed posi 
wide tube is soldered the capillary (j tube, tion on the right side of a pneumatic trough, a, 
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charaotoristic of Ettling’s pipette The wide 
tube bears a mm scale , the gas volumes cor 
responding to the several marks are determined 
by g[ravimetrio calibration, at a rigorously 
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constant temperature, maintained by means of 
the watar bath The narrow bit of tube oetween 
the top of the measurer and its stopcock is a 
capillary of the same bore as the (J , it joins 
^uite abruptly to the wide tube, and the 


provided with two wells, one for the U of the 
measurer, the other for that of the exploder 
In regard to the exploder (fig 13), we have 
nothing to add to what is clearly seen from the 
figure, except the statement that the exploder 
in its present form is wider than the hgure 
represents it to be, so wide, indeed, as to enable 
one to expand a gas considerably before ex 
ploding it 

The absorber in its original form is repre 
sented m fig 14 For the interpretation of this 
fig it suffices to say that r is a small mercury 
reservoir which enables one to sweep out the 
thread of gas left m the capillary after the 
liquid reagent has boon allowed to travel up to 
the safe side of the point of junction between 
the horizontal part of the capillary delivery tube 
and the stem of the reservoir An improved 
form of the absorber (devised by Mr Lennox) is 
represented in fig 15 

To prepare the measurer for the reception of 
a gas, it 18 completely filled with mercury from 
the reservoir, the stopcock of the side tube is 
turned off as soon as all the air is driven out of 
it, and a drop of water is introduced mto the 
main tube at a suitable stage 

The gas to be measured must be contained m 
ft tube short enough to be within the range of 
the U from this tube the gas is sucked mto the 
measurer with the help of the reservoir, which 
ti then adjusted so that the gas-pressure intida 
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is &bout on« atmosphere The stopcook at the 
Bide tabe is then opened, and the height of 
the reservoir is re adjusted so that the menisci 
in the narrow and wide tube are in the same 
horizontal plane A horizontal wire in the tele 
scope facilitates this adjustment materially, but 
18 not indispensable The gas is now at the 
pressure d + 6 — w, where b is the height of the 
barometer, v the pressure of the vapour of 
watei, and h the excess of the capillary depres 
Sion in the narrow side tube as compared with 
that in the wider branch The temperature is 
of course that of the water bath As both p and 
X oscillate with a series of measurements only 



within small amplitudes, it is expedient to 
reduce, not (for instance) to unit disgregation, 
but to some mean pressure and temperature 
(if there has been any variation in either or 
both) by means of some suitable formula, such 

where Pp and t„ stand for the standard values, 
and the observed values are assumed to be 
greater than these by (Ap) and (At) respec 
lively If a table of tne reciprocals of the 
practically occurring ps and xs is at hand, the 
calculation becomes so very easy that it is not 
worth while to set up a disgregation indicator 

Technical Oas Analysis 
To meet the demands of chemical industry 
there has been invented a variety of methods for 
the rapid, though perhaps only approximate, 
analysis of certain classes of gas mixtures The 
methods all agree in this, that the use of mercury is 
dispensed with, the gases being measured over 
water, or even perhaps over the respective ab 
sorbent solutions The Bunte Oas burette may 
be quoted as a typical example of this class of 
apparatus Imagine a long cylindrical pipette 
graduated for gas volumes and provided with a 
stop cock at each end, and combinable with a 
reservoir by means of a long india rubber tube 
To analyse, say, a chimney gas, the burette is 
filled with the gas by displacement, and the 
reservoir, after havmg been filled with water, is 
attached below By placmg the reservoir at a 
eertam convenient ^titude, and temporarily 
opening the upper cook, a certain volume of the 
gas 18 shut at the pressure of one atmo 
sphere In order now to determine the carbonic 
aoidU Bjick oi(t the water by an (easiljr luui- 


gined) auxiliary apparatus, and replace it by a 
solution of caustic potash, which is shaken ^ith 
the gas The caustic potash is then sucked out, 
water is let m, the original pressure is re-estab- 
lished, and the residue is measured In a similar 
manner, the oxygen is detemuned by absorption 
with alkaline pyrogallate ‘ 

Analysis by the Method oy Titratioh 

This branch -of analysis comprises the apph 
cations of what was described in a previous sec- 
tion as the titnmetric method of indirect weigh 
inq The method m any of its present forms 
18 applicable only to such reactions as proceed 
readily in aqueous solutions , the reagents, ao 
cordmgly, are always used in the form of standai d 
solutions {liqueurs titr&cs)^ le solutions the 
strengths of which are known in refeienoe to 
the process under consideration 

The amount of standard solution required in 
a titration may be measured either by weight or 
by volume, in either case the measurementof the 
solution IS only an indirect mode of weighing 
the active agent contained in it The gravimetric 
method is certainly susceptible of the higher 
degree of precision , yet the volumetric method 
IB universally preferred, because it is by far the 
more handy and expeditious of the two, and, if 
properly conducted, (with very few exceptions) 
does ample justice to even the best titrimetrio 
processes 

The invention of volumetric analysis must 
! be credited to Gay Lussac Long before him, it 
18 true, Stirling enunciated the principle of the 
method, and Vauquelin and Descroizille used it 
for assaying commercial alkalis , but to Gay 
Lussac undoubtedly belongs the credit of being 
the first to bring the method into an exact form, 
and to work out all its technicalities in the most 
masterly manner Volumetric analysis was slow 
in progressing Gay Lussac ’s more immediate 
successors, misled by his success in regard to 
silver, directed their attention almost exclusively 
to the translation of established gravimetric 
into volumetric methods, failing to see (what is 
now so obvious) that the number of reactions to 
which both methods are applicable must neces- 
sarily be very limited 

Very little real progress was made until 
1856, when Bunsen, by introducing a new idea, 
gave a fresh impetus to investigation Starting 
from the well known reaction which takes place 
when iodine solution is dropped into aqueous 
sulphurous acid (and which Langlois had 
already utilised for the determination of this 
substance), he established the conditions under 
which the process takes the precise course indi 
cated by the equation , and on the basis thus 
gained he developed exact methods, not only 
for the direct determination of these two bodies, 
but also for the indirect determination, by 
means of the same two solutions, of a whole 

' ProfesfioT Winkler, of Freiberg has made a spooial 
stady of this branch of gas-analysis, and has written two 
excellent books on the subject one of these has been 
translated Into English by Professor Lunge, Te these 
books and another we refer for further information. (1) 
Dr Olemens Winkler, AnMtrmg zmr ekemiKhen Analftt 
der Jndustrla-Gtue (Freiberg Bngelhafdt, 187S) (8) An 

abridged Edition of the same by the aotber Trf^^ated ^ 
Lunge (Tan Voorst, London) Al'^o, A'eiw ifef egr 
Anafi/ie Set von Walter Hempef (BraaAsehwdlt 
Vlew^ ft. fWhn, rtSOJr 
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tones ol oxidising agents, for which an equiva- 
lent of iodine can be substituted by the purely 
qualitative execution of certain reactions 

By this memoiable reseaich volumetric ana 
lysis founa its true sphere of action, as an in- 
valuable means for the deteimination of generic 
radicles, such as the active oxygen in peroxides, 
the loosely held chlorine in perchlorides, the 
replaceable hydiogen in acids, the oxygen or 
chlorine equivalent of leducing agents, for a 
host of determinations, in short, which prac 
tically he outside the range of the gravimetric 
method Where the two metliods compete in 
the solution of the same problem, volumetric 
analysis generally offers the advantages of greater 
promptitude and facility of execution, it, indeed, 
btops where with gravimetric analysis the most 
difficult part of the work would begin This 
advantage, however, is not an absolutely clear 
gam The volumetric method, so to sav, does 
not look at the body to be detei mined, but, in a 
somewhat blindfolded way, only measures one 
of its chemical properties, which in no case 
appertains to that bodj only , hence errors are 
more likely to be overlooked, and are far more 
difficult of subsequent correction in volumotno, 
than in gravimetric, analysis, for gravimetric 
analysis furnishes the thing to be weighed in 
the form of a definite compound, which can be 
examined for its purity, and, if necessary, be 
purified before it is weighed A small amount 
of iron, nickel, zinc, <feo , which has escaped 
precipitation may be searched for in the filtrate 
and recovered, any deficit or excess obtained 
m a titration is thrown away with the rest of 
the products 

We have no space for a full history of our 
subject, yet we must not foiget to give credit 
to the late F Mohr for having contiibuted largely 
to the modern development of volumetric ana 
lysis, by his criticisms of old, and his invention 
of new, methods , by the construction of useful 
apparatus , and last, not least, by the compila 
tion (for the first time) of an original and com- 
prehensive handbook ‘ on the subject 

In now passing to the systematic exposition 
of our subject, we will begin with a few remarks 
on the 

Graduated Glass Measures 
which serve for the preparation of the standard 
solutions, and the necessary measurements of 
liquids generally Volumetric analj sis of course 
involves only comparative measurements, we 
indeed never measure a standard solution other 
wise than in reference to itself , hence the unit 
of volume may not only be chosen at pleasure, 
but need not bear any known relation to the 
unit of weight But the only correct mode of 
gauging a liquid measure is to determine the 
weight of water it holds {ot delivers) , hence for 
those who are m the habit of using the gram as 
their unit of weight the most convenient unit of 
volume IS the volume at (let us say) 16°C of that 
mass of water whose uncorrected weight in air is 
one gram. We might herewith adopt this umi and 
call it the * fluid gram ’ In doing so we should 
not be guilty of any innovation The customary 
imit with most chemists and mstrament-makers, 

‘ Ifohr, Lehi^ueh der chemUch-analiftUchen TUrirme- 
TIm first edition dates trom iB67 , the ioortb and 
iMt from ISSi 


it is true IS the cubic centimetre, but it is thlt 
only nominally, the actual unit m almost all 
commercial * cubic centimetre ’ measures comes 
nearer to our fluid gram than to the nominal 
unit From what we have said, the reader will 
understand that if in the sequel we speak of 
cubic centimetres, or litres, these terms mean 
only unit volume, and 1000 unit volumes, 
respectively, unless it is clear from the context 
that we mean to approximately define an abso 
lute quantity, or to refer to the well known 
relation between the litre and the kilogiam 

As all aqueous liquids wet glass, the mark 
on a lit'*-e flask, &c , can bo correct only in 
reference to a specified mode of reading Tho 
best mode is this Place the vessel so that iti 
axis is vertical, and look at the meniscus hon 
zontally with one eye Xhe meniscus thrn 
appears as a fiat crescent shaped strip TheloN\er 
boundary of this strip is taken as the line of 
reference, and the real, or imaginary, mark on the 
graduation with which it coincides (visionally) is 
taken down as the reading of the liquid The 
line referred to gams in sharpness of definition 
if it is observed in tiansmitted light, and a strip 
of black paper is fixed to the back of the measure 
about 2-3 mms below the line With only one 
of the customary standaid solutions, namely 
the almost opaque solution of permanganate of 
potash used for iron titrations, this mode of 
reading does not work In the case of this liquid 
we must take the upper boundary of the meniscus 
as our reference mark , this upper boundary 
assumes its maximum definition if viewed in 
reflected light, and with a white background (a 
piece of paper) immediately behind it Any 
reading made in this exceptional manner is of 
course subject to an obvious correction, the 
amount of which is ascertained by measuring the 
height of the meniscus of a transparent solution 
in the same vessel In most cases, however, 
the volume to be determined is the difference 
between two consecutive readings, so that the 
correction in question becomes unnecessary 
In a vessel which serves for measuring out a 
certain volume, the small quantity of liquid 
which permanently adheres to the glass must be 
allowed for by the maker, i c the scale must be 
constructed so as to include what would other 
wise be a necessary correction In the case of 
graduated pipettes this can of course be done 
only on the basis of a conventional mode of 
emptying out, which, when once fixed upon, 
must be rigorously adhered to The thermic ex 
pansion of glass may unhesitatingly be neglected 
in the graduation of a titrimetric measure A 
glass flask which holds 1000 c o at 16®C , at 
15 ± 10° holds 1000 oc ±0 27co ,ie only j^th 
more or less The thermic expansion of the 
solutions measured is far more considerable, and 
cannot in all cases be neglected. We shall 
come back to this pomt m the next section 
The chemist now-a days has no occasion to 
graduate his own bnrettes, litre flasks, &o , but 
he should never use a set of mstruments — 
although they come from the most famous 
maker — without having first tested them The 
following 18 the method to be pursued Passing 
from measure to measure, and with each measure 
from mark to mark, measure in or out the 
several marked off volumes of pure water ei 
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known temperatnjre, and detennine their weights 
in grams In the case of apparatus with a 
ronmng on scale, only every 10th or 20th mark 
need be checked in this manner, unless there 
are visible irregularities m the graduation 
After having thus gone through the whole sys 
tern, reduce all the water weights to the same 
temperature, say to 15°C {% e from the observed 
weight of water of calculate the weight of 
water of 16° which fills the same space) , divide 
each corrected weight by the corresponding 
nominal volume, to find the weight value of the 
actual unit — and draw your conclusions Sup 
posing the several units agree fairly, select a 
suitable average value (not necessarily the mean, 
because the numbers are not all of the same 
weight mathematically) as the unit, and calcu 
late the volumes ^sorresponding to the several 
marks in terms of this adopted unit The results 
ought, by theory, to agree with the respective 
nominal values, but in practice, of course, we 
cannot expect absolute coincidence In a burette, 
for instance, which gives ^ c c s diiectly, we must 
tolerate ±01 c c , and with the lower marks, 
even a little more Whether the actual unit is, 
or is not, equal to the nominal is of no conse 
quence , yet, if it is not, it is obviously advisable 
to note down its value— in fluid grams or c c s 
— for future reference 

To facilitate the calculations involved in 
such work as the graduation of instruments, 
the writer many years ago calculated the follow 
mg table — 

A mass of water ^ which, in air of t°C , and 
760 mm pressure, balances a brass kilogram 
weight, at t°C occupies (1000 + ic) fluid grams =« 
(1000 + y) true cubic centimetres 
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Preparation of Standard Solutions 
In fixing upon the degree of concentration for 
a specified standard solution, we may allow 
ourselves considerable latitude As a rule the 
nature of the volumetric process for which the 
solution is to be used may be left out of account , 
all we need look to is that the probable inherent 
error of the method corresponds to a distinctly 
visible difference of level in the burette , say to 
0 1 or 0 2 c c according to the size of the ‘ c c ’ 
With methods possessing a very high degree of 
inherent precision this rule would lead to an 
inconveniently dilute reagent In such (rare) 
cases we help ourselves by supplementing a 
moderately dilute standard solution with a 
decimal solution, a solution prepared by 

diluting the reagent proper with water to 10 times 
its volume The decimal solution serves only 
*0 fimsh the titration which has already been 
almost completed by means of the standard 
solution proper This system of course is a 
mere delusion unloss the stronger solution be 


measured with at least 10 times tho (reoisioil 
attained with the decimal one 

The strength of any given solution should be 
so defined as to reduce the subsequent calcu- 
lations to their highest degree of simphcity 
Supposing, for instance, we have to deal with 
a standard sulphuric acid intended for the 
measurement of alkalis , evidently it would not 
be expedient to note down the number, n, of 
grams (or mgms ) of H^S 04 or SO, which is 
contained m each litre (or c c ) of the reagent 
As the number when calculated into KHO, 
NaHO, Na^COj, &c has always to be divided by 
S 04 H^( = 98) or by JH 2 S 04 ( = 49), it is obviously 

better to calculate the value ^ = t (as a decimal) 

and put down this r as the strength of the 
solution Were the solution intended exclu 
sively for the determination of soda, to be 
reported as Na.^0, it would be still better to 

calculate the value of =" 

H SO 4 

down the weight r' (of sodium monoxide) as the 
strength of the reagent 

For the standardisation of a specified solu- 
tion we have in general the choice between two 
methods, (1) a quantitatively exact synthesis , 
( 2 ) an approximate synthesis, followed by an 
exact analysis The fiist method may assume 
one of two forms , we either weigh out exactly 
BO much of the pure reagent, dissolve it in 
water, and dilute to, sav, 1 litre , or else (if the 
pure reagent is not itself at hand) we analyse, 
say, a strong solution of the pure or impure 
reagent, by means of some very exact method, 
and synthesise directly on the basis of this 
determination In regard to the second method, 
the fiist step of course is to procure an approxi 
mately correct solution For example, let us 
assume we wish to prepare a standard hydro 
chloric acid containing exactly HCl - 36 5 grams 
per litre An apology for such a solution might 
be obtained from the ordinary (pure) labors 
tory acid, by determining its specific gravity, 
deducing the percentage, and synthesising on 
the basis thus gained In all such cases it is 
expedient to so allow for the uncertainty in the 
assumed percentage that the solution obtained 
IS sure to be stronger than intended In 
accordance with the rule, let us assume the 
actual strength, as found by analysis, to be 
p, instead of the intended strength p^, and let 
p>Po Obviously our ‘v’ litres of reagent must 

be diluted to v =» to bring the strength down 
Po 

from p to po, the liquid must not be diluted 
with V — 1 ) litres of water, because the 

two liquids when mixed would contract, and 
a little more than w litre, say (1 + e) ti? litre, of 
water would be necessary to bring up the volume 
to the intended value, v In practice, however, 
large volumes (such as we assume our v and v 
to be) cannot be measured with adequate pre 
cision, so that the second (theoretically faulty) 
method is generally the better of the two It 
certainly is the better if the required oorreotion 

18 only small , if for instance (^~1) is some- 
P 9 

thing like 0 03 or less In such a case, if only 
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w ai ealoulatod ii meMured accurately, the 
corrected solution will be as near the intended 
atrength, as the given solution was near its 
Btrength p 

As an example, let us take ^ 1 ■■ 0 03 , 

Po 

▼ » 10 litres , = ± 0 6 litre (which is a liberal 

allowance) , and we have 

?£!'=?E±00016 

J>0 P 

Even in such a case it is only prudent again 
to analyse the corrected solution, to see that 
no blunder has been made Supposing (to 
return to the example) the number p had been 
the result of three well agreeing analyses, the 
intended value for had been 37 00, and the 
analysis of the corrected solution had given for 
the value 36 84 , the most probable value for 
the actual strength would be (3 x 37 0 + 36 84) —4 
Turning back, let us now assume Po>p In 
this case our v litres of solution should be reduced 

to litres, by elimination of (1 + «) (1 — — )v=» 
JPo Po 

*(! + <) litres of water Even where evapora 
tion would be permissible, it is better to com 
pensate for the surplus water by addition of 
the substance which served to make the solu- 
tion Supposing we had used s grams of sub 
stance for every 1 litre of reagent produced 

Clearly = grams is what ought to have 

been taken One way then is to prepare some (say 
J litre) of the solution by means of the corrected 
method and to determine its specific gravity, 
Wo, in order to be able to reduce to weight , 
thus 

1 litre of solution {p^) «■ 1000 grms 

Weight of substance in it 
Hence weight of the water ta lOOO w, — «« 
Or every gram of water requires 

• o* » grms of substance to be 

1000 Wo -So 

converted into solution of the intended strength, 
p „ , hence our v * — x kilos of water require 

t; X (1 + «) wcx kilos of substance All that we 
need for the calculation of (1 + is the specific 
gravity w of the uncorrected solution Obviously 

(l + e)t4;=»1000(ir-^Wo) grams In practice, 
Po 

however, it is scarcely advisable to go to all this 
trouble It is easy by some short cut (based 
on the above) to name a number of grams of 
substance, which if added to one litre of solu- 
tion would bring up the strength to a little above 
Suppose the increase of volume involved in 
adding these grams of substance is less than, 
say, 0 1, 0 2 , say ?/ litre Then, to set things 

right, we calculate the correct mass of substance 

lor 1 + y htres, which ib (1 + p) ^ s, weigh out 
P 

what this mass is more than the a grams 
present, in each litre, add this to each litre of 
solution as given, and dilute to 1 + y litre by 
addition of water If p differs much from 
it 18 expedient to slightly over coirect the solu- 
tion, to determme the exact value, p', which the 
solution now has, and (if p'>Pf as mtended) to 
correct the strength, by mlution, as explained 
above If p is only a little less than the in- 


tended value p^ we may safely assume the stir* 


plus water per htre to be 1--^ litre, and add 
Po 

the exact weight, », of substance, which by 
calculation converts the small quantity of water 
into correct solution The result (in the absence 
of blunders) will be quite correct even if v was 
only approximately measured, because a very 
small volume of water added or withdrawn from 
the total of v litres would make the solution 
absolutely correct (apait from the error in p 
of course) One point remains to be considered 
Supposing the strength of a solution at tf, degrees 
19 Po, what 18 the strength p^ at f, degrees ? It 
would not do to calculate the correction from 
the expansion of pure water from to f, because 
all standard solutions expand more largely than 
pure water does A correct method is to deter- 
mine the specific gravity (say the weight con 
tamed in a narrow necked 103 c c flask) of the 
solution at to degrees and at f, degrees Sup 
posing the weight of it is » at and at f,, 

we have p, - — Po 

This correction of course is indicated only m 
the case of very exact methods But in their case 
it IS best altogether to eliminate the uncertainties 
of volume measurement by effecting the final 
standardisation by volume and by weight at the 
same time , by determining for instance at the 
same time the weight in grams and the volume 
in CCS of the quantity of standard nitrate of 
silver which is required for the exact ppn of 


(say)^ grms 


of pure chloride of potassium. 


This need not hinder one in so adjusting the 
solution that the quantity referred to may for 
all ordinary purposes be assumed to be equal to 
100 c c lor the purpose of a highly exact deter- 
mination, the bulk of reagent (e g AgNOg solu 
tion) required, after having been measured out, 
18 weighed into the (chloride) solution to be 
analysed, and the small excess of substance or 
reagent Lft is determined by volumetric titra- 
tion with decimal solutions ’ 

The adjustment of an analytically standard- 
ised solution to an exact pre determined 
strength is advisable only if the solution is 
permanent, and is meant to be used very fre 
quently, otherwise it is better to note down the 
strength as it is, and calculate from it A solu 
tion known to contain 1 023 x HCl grams per 
litre 18 almost as convenient as one containing 
1 X HCl exactly Because for one or two analyses 
we can well afford to calculate, say, the product 

1 023 X and for a very long senes of such 


determinations the value may be calculated ones 
for all and noted on the label 


On the Theory of Titration. 

Let A and b be two chemical species, which, 
when their solutions are mixed together, com- 
bine with, or decompose, each other in some 
definite manner Is the reaction available for 
the mutual volumetric measurement of k and b, 
or (let us rather say) for the measurement of a 


* Oompere Olttmar** Memoir on tht OompoHthn of 
Ooemn W&ter^ Memoirs, page 4, also hif 

Msorotm in QmtHUtitUfe Analwi^ ssctlea mi 9m water. 



ANALYSIS 


m 


by B ? It may be il, under easily realisable con- 
ditions, it proceeds rapidly, and, if it is possible 
under these conditions to recognise the point of 
mturatum with sufiicient sharpness, %e the 
point from which onwards an additional drop of 
B solution does not produce a recognisable 
change In some cases the point of saturation 
defines itself naturally by coinciding with some 
sudden visible change, e p a change of colour 
It does so, for instance, if the reaction is a double 
decomposition, a + 6 = c + d (where a, b, c, d, 
stand for definite relative quantities of the re 
agents a or b, and the products o and d respec 
tively), and if a (or b) is intensely coloured, 
while B, c, and d (or a, c, and d) are relatively 
colourless, or at least do not hinder the observa 
tion of the colour of the last remnant of a, or a 
slight excess of b 

Examples 1 6xidation of ferrous salt (a), 
by permanganate (b), with formation of ferric 
salt (c), and manganous salt (n) —2 Decolourisa 
tion of the intensely blue solution of cupric 
ammonium salt (a), by the reducing action of 
(standard) cyanide of potassium (b), with for 
mation of colourless double cyanide of copper 
and alkali metal (c),and cyanate and other salts 
of alkali (d) 

Sometimes when such colour changes do not 
occur, they may be produced by addition to the 
solution to be titrated of a suitable indicator 
Thus 1 Litmus solution may serve as an m 
dicator in the volumetric neutralisation of acid 
by alkali (or vice versd) — 2 Iron alum may 
serve as an indicator in the determination of 
silver (salt) by added sulphocyanide of ammo 
mum, the red colour of re(NCS)s becomes 
permanent only when all the silver has been 
ppd as AgNCS, and a slight excess of sulpho 
cyanide has been added The indicator in this 
case would evidently be of no use if it were not 
the case that Fe(NCS)j, which is produced 
locally from the first, is decomposed as readily 
and in the same way by silver salt as the alka 
line sulphocyanide is A similar remark applies 
to indicators generally If an indicator, while 
otherwise trustworthy, fails only to fulfil the 
condition stated above, it may still be available 
in the sense that, instead of adding it to the 
‘a’ solution from the first, we may apply a 
Lttle of it to drops of the mixture taken out at 
suitable stages in the process of the reaction 
Thus, for instance, in the titration of phosphate 
(a), by uranic acetate (b), prussiate of potash 
may serve as a d7op reagent, because, al 
though unavailable as an indicator proper, if 
added to a drop of the mixture it produces the 
red brown colour of ferrocyamde of uranium 
only if the uranium is present as (an excess of) 
acetate , the uranic phosphate is not decomposed 
by the prussiate The action of an indicator 
need not necessarily consist of a colour reaction , 
a ppn if Bufticiently delicate, is as good in prin- 
ciple, though not as a rule in practice because 
the locally-formed characteristic pp will not 
disappear so readily on stirring up as the colour 
cl a dissolved product would 

If the reaction is a steadily progressing ppn 
of the essential radicle a in a by b, the end of 
the reaction of course coincides with the com 
pletion of the ppn , the point when (sup- 
posing B to be aoded tn successive drops) the last 


renmant of a has just been thrown down by the 
nth drop of b, so that the (n + !)>* drop fails to 
give a turbidity For such reactions we need no 
indicator or drop test, although such may be 
very convenient 

As soon as we have found some means for 
recognising the end point in our reaction with 
sufficient sharpness, we can decide the question 
as to its availability by preparing standard solu 
tions of A and b respectively, and determming 
the ratio a h corresponding to the end point 
under a sufficient variety of conditions In a 
first series we work with the plain solution, 
but take care in one set of trials to begin with a 
and drop in b until the reaction is apparently 
completed , and in another set of trials we begin 
with b, pour in a slight excess of a, and then 
finish with B , this is done in order to see 
whether the ratio a b is independent of the 
mode of mixing In a second series, we add 
known, but varying, proportions of water In a 
third senes we add more or less (but always a 
known weight {x) of this or that body x which 
in the practical application of the method would 
be likely (if not sure) to be present, <feo From 
Series I and II we easily calculate the small 
excess of leagent b which must be added, per 
F c c of total mixture at the end, to produce a 
visible end reaction We then calculate for 

each trial the value k = _IAzJ£_, and see 

Vo 

whether there is a practically sufficient and 
available area of experimental conditions within 
which the ratio a b has a constant value Or, 
what comes to the same thing, we take the mean 
of all the Ks (let it be = kJ, and see whether 
the values of v^ as calculated by the equation 
Vi, = KyVa -f )Br agree sufficiently with the di 
rectly observed values Should this not be the 
case, the process need not necessanly be given 
up as hopeless , it may still remain worth while 
to see whether agreement between theory and 
practice cannot be established by adding a term 
cx io the right side of the equation, where x 
stands for the weight of some subsidiary com 
ponent x, and c is a positive or negative 
constant, whose value must of course be ex 
perimentally ascertained In such oases, how 
ever, it is better to leave the chemical 
significance of k^, and c, entirely on one side, 
and to calculate them as so many empincal 
coefficients from the sum total of the results A 
formula thus obtained is of course of no prao 
tical value unless /3 and c are so small that an 
approximate determination of f and x suffices 
for an exact calculation of the respiective terms 
As an illustration, we may quote Liebig's method 
for the determination of urea (\), in presence of 
chloride of sodium (x), by means of standard 
mercuric mtrate (b) as a pptnt of the urea, and 
carbonate of soda as a drop test for excess of 
pptnt The exact volume V/, of mercuric nitrate 
solution (i 6 weight of HgO) to reach the end- 
point for a given weight (a) of urea, vanes with 
the dilution, f, and the weight x of salt present, 
but vj, IS ‘ m sufficient accordance with equation 
vt » + 3 f - f cx, whose constants have been 

determined (virtually) by Liebig 

Nothing said so far is ^sed on the presnmptioa 

I Or at if aapi^eaed to bo. 
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that the exact chemical theory for the reaction 
between b and a is known There are indeed 
a number of useful volumetric processes which 
arebased upon unexplained, or only half explained, 
chemical reactions Fehling’s method for the 
determination of glucose affords an illustration. 
If a dilute solution of glucose is dropped into a 
hot, strongly alkaline, solution of tartrate of 
copper (CuO) and potash, the CuO is reduced to 
(a pp of) Cup, the blue colour of the solution 
disappears, and the sugar suffers some unknown 
kind of oxidation Yet the ratio between (say) 
dextrose oxidised and copper oxide reduced, 
under specified conditions, is fairly constant, 
and the reaction is accordingly available for a 
fairly exact method for the determination of 
dextrose 

The well known process of Clark for the 
determination of the hardness of a water by 
means of standard soap might be quoted as 
another example But such purely empirical 
processes, however useful they may be for this 
or that practical purpose, are of little import 
ance as auxiliaries of exact analysis, which 
demands of a titration process in the hrst 
instance that in any given case the question of 
its applicability can be decided a pnoii with 
at least a high degree of (if not with perfect) 
certainty Ajod this is possible only if the 
process is based on a definite chemical equa 
tion which gives a qualitatively and quantita 
lively exact account of what is going on 

From the fact, however, that some equation, 
a + 6 = c + d, 18 m itself a correct theory of the 
action of A on B as resulting in the products 
c and D, it does not follow that the equation is 
a Bufidcient theory of the conespondmg piocess 
of titration Because experience shows that, 
in general, ready made c and d when mixed 
together produce a and b in accordance with 
the inverse equation c + d = a + 6 Hence 
supposing we start with a parts of a and add 
more and more of b, the end reaction is reached 
only when a part (say ga ) of a is transformed 
at the expense of qh parts of n, while (1 - g) 
times {a t b) are still present in their original 
condition Generally, g is a continuous 
function of the experimental variants (state 
of dilution, temperature, &c ), and the transla 
tability of the reaction into atitiimetric process 
depends on the possibility of finding a sufficient 
area of conditions within which g is, at least 
practically, equal to unity 

If one of the products (o and d) separates I 
out as an absolutely insoluble pp , or escapes 
as a gas, the reverse reaction does not occur, 
and g becomes equal to unity, the apparent 
end pomt is the real end point of the reaction 
Hence we should think that ppns (we mean 
cases where that radicle in a which is really the 
tbmg to be determined, by uniting with the 
essential radicle in b, separates out as a pp ), 
should be pre eminently suitable for volumetric 
application Expenence, however, shows that 
the reverse is true Because m the majority of 
cases the pp carries down more or less of one 
or other of the other reagents or products, and 
so disturbs the quantitative relations Very 
often also a considerable excess of pptnt. is re- 
quired to produce complete ppn withm a reason- 
able time Both diffioultied (for example) pre 


sent themselves in the case of that reaction, 
BaX + SO^i-R^X-t-BaSO,, which is so largely 
used for the gravimetric determination of SO, 
and of Ba The irregularities referred to ' can 
be set right (more or less easily) m the gravi 
metric application of the reaction , to the 
volumetric application they are absolutely fatal 
The number of ppns , indeed, which afford a 
basis for correct volumetric processes is extremely 
limited. 

Certain classes of double decompositions and 
oxidations, in which reverse reactions are pre 
vented by the great inherent stability of one of 
the products, are admirably adapted to volu 
metric processes To give examples 

Any strong acid, XH, when mixed pro 
gressively with a solution of some strong base 
of the type BOH (ex KHO,NaOH,Ba(OH)J, is 
ultimately converted into normal salt, XR, with 
formation of that highly stable substance water 
The general reaction is XH -f BOH = RX + HHO, 
and the end point can in all cases be sharply 
defined by means of a few drops of neutral 
litmus solution as an indicator Hence any 
acid (or rather the ‘H’ in any acid) may be 
accurately measured by means of a standard 
solution of, for instance, caustic potash , and 
any of the bodies BOH (or rather their ‘OH’) 
by means of a standaid solution of (say) hydro 
chloric acid The latter method applies almost 
directly to the (soluble) carbonates, sulphides, 
cyanides, &c , of the alkali metals All the 
carbonates &c referred to can be measured 
indirectly by the combined application of the 
two standard solutions we add fiist an excess 
of standard acid, and heat to expel the volatile 
acid (CO ,H^S, &c ), then colour with litmus, 
and titiate back with standard alkali, till the 
point of neutrality is exactly reached By sub 
stituting aurine (in alcoholic solution) for 
litmus, the methpd becomes available also for 
magnesia (Torno) , and by using nitnc acid as 
the standard XH, we can determine even oxide 
of silver (Dittmar) 

What we said of carbonates, &c , in refer 
ence to the metallic radicles, R, holds for the 
ammonium salts of our acids, XH To determine, 
for instance, HCl or HjSO,, m the presence of 
ammonia (as the only base), we need only add 
a known excess of standard alkali, expel the 
liberated ammonia by evaporation, then add 
litmus, super saturate by standard acid, boil off 
the carbonic acid, titrate back with standaid 
alkali until the point of neutrality is exactly 
reached, and balance the equivalents of base 
and acid used as reagents, against each other , 
the balance of base equivalents measures the 
acid given for determination 

That this method of acidimetry applies also 
to cases where the base can be separated out 
by excess of standard alkali, as an acid free 
pp , IS obvious Oxide of copper (given aa 
CuSO^ or other cupric salt) fulfils this condi 
ulon in the sense at least that the acid ppd at 
first as part of a basic salt, can be re-extracted 
by boiling with excess of alkali * 

' And other irregularities sUoh as for instanre the varia- 
bility of the ratio of sulphur to copper in ppd sulphide ot 
copper 

“ We will avail ourselves of this opportunity for 
referring to the process of fractional nitration as useful in 
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To pans to aaother example There la a 
series of reducing agents n, the solutions of 
which, when mixed with a solution of iodine m 
iodide of potassium, are oxidised into products 

while the corresponding quantity of free 
Iodine passes into iodide 

jPor example — 

I S0, + H,0 + I, = 2HI + S0, 

n 2S,OA + l2 = 2RI + S,OA 

III A8,0, + 2H,0 + 2l2=»4HI + AsA 

IV Sb A f 2H 0 + 21, = 4HI + Sb,0, 

V SnCl3 + 2HCl + I, = 2HI + SnCl, 

Each of these reactions takes its normal 
course only under certain conditions, which, 
however, in cases I to IV at least, are easily 
established All go on readily in the cold , and 
with all, starch solution 13 a safe and delicate 
indicator of excess* of free iodine Hence, to 
determine any of our reducers, n, we bring it 
into solution in the proper manner, add starch 
solution, and then drop in iodine solution from 
the burette until the blue colour of iodide of 
starch, which appears locally from the first, 
becomes permanent on stirring Supposing t 
c 0 of iodine solution to have been used, and one 
C c of it to contain t x 127 mgms of free iodine, 
the weight of b is f t (^bO„ S^Oj, ^As^Oj, 
|^Sb,Oa, I^SnClj), as the case may be By theory, 
any one of our reducers might serve as a reagent 
for the measurement of free iodine , in practice 
sulphurous acid and alkaline thiosulphate work 
best 

According to Bunsen, sulphurous acid acts 
normally on iodine, if it is diffused through at 
least 3,000 times its weight of (air free) water 
I or the determination of free iodine he uses an 
aqueous sulphurous acid diluted to the extent 
stated, in combination with a standardised 
solution of iodine The sulphurous acid is 
measured out by means of a glass stoppered 
cylinder (or a narrow necked flask with one 
mark on the neck) holding some 100-200 cc 
To determine an unknown weight {x mgms ) of 
free iodine given as solution in HI or KI solu 
tion, we add the least number n of measures of 
the sulphurous acid water which suffices to 
decolourise the solution, then starch solution, and 
lastly, from the burette, standard iodine, until 
the blue colour becomes permanent after addition 
of, let us say, t c c On the other hand, we 
ascertain the number, of c c s of standard 
iodine required for 1 measure full of the sulphur 
ous acid Obviously, nt^r x 127 = x-ttT x 127 
(mgms of I J Whence x = (nfj, -t) t x 127 

So far Bunsen had done no more than trans 
late an old process for determining SOj into a 
precise method lor deternunmg iodine His 
great merit was to see that, given a method 
for determining free iodine, we have an indirect 
method for the determination of any of the large 
number of oxidising agents for which a definite 
proportion of iodine can be substituted by the 
purely qualitative execution of suitable reactions 

casea like that referred to Instead of filtering oft the 
OuO pPt we allow the mixture to cool, dilute to a known 
VO ume, TO 0^ flltei through a dry filter, and measure off a 
known aliquot part of the filtrate v c o , for the titration 
If V Is Buffloientiy large, the volume of the OuO need not 
Jbe taken into account, supposing for instance v^ 500 oc. 
and the pp of OuO amounts to 1 gm , the error introduced 
by neglecting its volume amounts certainly to no more 
than abont 0 5 0 c , or 0 001 of the whole 


1 m solu 
tion 




Thus, for instance, we may determine free 
bromine, lodate BIO,, bromate RBrO„ hypo- 
chlorite RCIO, ozone 0„ by letting the respeC 
tive substance act on excess of iodide of 
potassium solution, acidifying with hydrochloric 
acid, and then titratmg the iodine liberated aa 
above explained 

From the respective equations, we see that 
Br^, or Cl„ or BCIO, or 0„ liberates I, , and 
that RIO3 or RBrO, liberates 31^ 

The same principle obviously applies to all 
those peroxides which, when distilled with excess 
of hydrochloric acid, liberate a definite proper 
tion of chlorine As examples MnO 0* (when 
distilled with HCl) yields a; x Cl^ of free chlorine, 
which when passed into iodide of potassium 
solution liberates x x I^ of iodine Hence for every 


one I mgm obtained, there was ^ x (MnO Ox) 

2x 


mgms of that peroxide of manganese And 
similarly (to quote another case which is known 
to work) every CrOg mgm of chromic tnoxide, 
liberating 3 x Cl, ultimately yields 3x1 mgms of 
iodine , or, in this case, every 1 x I mgms cor- 
responds to ^CrOj, or to ^ X K^Cr^O^ if the CrO, 
was present in this form It is as well to men- 
tion that what the method in any case really 
determines is, not the respective species, bu the 
I yielding radicle, the active oxygen m the 
MnO Ox, or the Cr 0, Oj, or BCIO , the 0, m the 
KIO, , the one 0 in 0,, &c 

The applicability of the general method, 
however, goes further As ferrous chloride is 
readily conveited into feme salt by free chlorine, 
we can determine an unknown weight of ferrosum 
(ferrous iron) (given as FeCl^, FeO, FebO^, Ac ) 
by distilling the respective substance with a 
weighed excess of potassium dichromate and 
hydrochloric acid, and collecting the chlorine m 
iodide of potassium, Ac Supposing we used 
kxK Cr^Oy mgms of this salt, the chlorine 
furnished by it is 6 x k x Cl mgms , and, if the 
iodine obtained at the end was {ntg — tjxrxl 
mgms, then Gk x Cl- {nt^ — t)T Ci must haie 
been used by the FeCl^, and consequently, 
{6/c — (nf„ — i)T} X (Fe = 5b mgms) of ferrosum 
must have been present in the substance 
analysed 

Strictly speaking, all volumetric methods are 
empirical methods, m this sense, that the funda 
mental chemical equation is only an approximate 
theory of the process Hence, unless we are 
sure that the error m the equation, considered aa 
a theory of titiation, is less than the unavoid 
able error involved in the operations, to attain 
the highest possible degree of precision we 
must standardise our measuring reagent (if 
possible) by means of a known weight of the 
very thing (or radicle) to be determined, and 
both m the standardisation and the analyses we 
must mamtain as nearly as possible the same 
conditions To illustrate this, let us assume we 
had to analyse a series of alkaline carbonates by 
means of a standard hydrochloric acid Ppm of 
a known volume of the reagent by nitrate of 
silver, and weighing the pp of AgCl (or the 
corresponding process of titration) would no 
doubt give the most exact result for the number 
of mgms of HCl contained mice of the reagent* 
Tet it IS better m our case to standardise the 
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•cid by means of a known weight of pure 
eatbonate of soda, although this method, as one | 
for the determmation of HCl, could not for a 
moment be compared with either silver process 
in point of inherent precision j 

In now passing from generalities to the con j 
■ideration of individual methods, we shall 
confine ourselves in the mam to those methods | 
which are applicable to whole classes of bodies I 
tJnder the head of each we shall briefly state 
what applies to it as a general method For 
special applications of these methods, as for 
special methods generally, also m regard to 
technicalities, we must refer to the special hand 
books * 

I Methods based on double decom 
positions 

Theoretically these processes are founded on 
equations of the form 

ax + by = ab + xy 
A, B, c, D, 

where a and b are the constant radicles charac 
teristic of the process Here "we ha\e to dis 
tinguish between two cases — I c and d remain 
dissolved Only a very few processes fall into 
this group As an example, we may quote 
Liebig’s process for the titration of NCH by 
neutral nitrate of silver Large excess of potash 
IS added, the liquid is diluted largely, and, after 
addition of a little NaCl as indicator, stan 
daard AgNO, (neutral) is dropped in until the 
cloud of AgCl becomes permanent, showing that 
the reaction 2 KNC + AgNOg - KAg(NC)2 + KNOj, 
has been just completed II The characteristic 
product c*a6 comes down as a pp Of these 
numerous processes, only those need now be 
noticed in which, on account of the absence of 
an end reaction^ and nf a suitable indicator, the 
end point cannot be recognised otherwise than 
by proving quite directly that the ppn has just 
reached its end If the pp settles readily, this 
can be done with comparative ease — in an 
obvious manner, but easily settling pps are 
exceptional It is more generally practicable to 
et the pp to settle so far that it is possible to 
raw off a few drops of the clear top stratum, 
and to examine them on a watch glass by addi 
tion of a drop of b, or of a solution of a, or of 
any delicate reagent for a or b If this method 
does not work, the only course left is, from time 
to time, to take out a little of the mixture, filter 
It through paper, and examme the filtrate 
One way of doing this is to put a drop of the 
fluid on a small double filter paper, and to ex 
amine the lower filter by means of some reagent 
which stnkes an intense colour with a or b as the 
case may be But such colour tests are not always 
available, so that ordinary filtration must gene- 
rally be resorted to Each such filtration of course 
means a loss of a, and consequently ought to be 
done with a measured aliquot part of the whole, 
to enable one to allow for the loss by calculation 
This, however, is apt to lead to errors , in prao 
tice it 18 better in the first trial to neglect the 
error, and m a second and third practically 

* Mohr’* Lehr^wh 6er ehemUehe-analytUehen Titrirme- 
tkoAe, 3, Fleiscl»er DU Titrirmethode ^ t, Fleisoher, DU 
IHtrirvutluide, Exiglish edition VolutnetrU AnaiytU, trans- 
Uted M M Pattison Hair , 4, Sntton, VolvmttrU 
AmtjfsU, S, Ttneatfim, Qmnfltatim Am^ftU, 


to avoid it by filtering only a few times near the 
end of the process, when the amount of un- 
ppd A has become very small In any case it is 
convenient to have a standard solution of some 
reagent, ax\ by means of which to retrace one’s 
steps if an excess of pptnt has been added This 
auxiliary solution is best adjusted so that it pps 
exactly its own volume of b The method of 
procedure then assumes this form —We add b, 
finally in small instalments of, say, 4 c c each, 
until by the last instalment the end point has 
been over stepped , we then go back w ith a solu 
tion, adding it in instalments of 2 c c , until 
this reagent is in excess , we then again apply b 
in portions of 1 c o , &c , until we come to know 
that, sa;y, v c c of b is too little, while v + 0 2 o c 
IS an excess , or that (v + Oloo) ±01oc may 
be adopted as the final resulj; 

Of the vast number ol precipitation analyses 
which have been invented, only those founded 
upon mutual decomposition of solutions of 
Silver salts and haloids occupy the rank 
of precise methods If (dissolved) chloride and 
(dissolved) silver salt meet in a neutral or acid 
solution the whole of the potential chloride of 
silver IS formed and comes down as a pp as 
demanded by the equation, 

KCl + AgNOg = AgCl + BNOg 
Upon this, and the fact that the AgCl (if sulB 
ciently abundant) readily unites on shaking into 
a quickly settling pp , Gay Lussac long ago 
founded his famous process for the determina 
tion of silver by standard NaCl solution, which 
process is directly translatable into* an equally 
exact process for the determination of chloride by 
standard silver The equation, however, is not 
an absolutely correct theory of either process 
Gay Lussac observed that if the silver nitrate and 
the sodium chloride are exactly balanced against 
each other, the clarified mixture gives a distinct 
cloud With either reagent Hence to exactly 
complete the ppn of (say) AgNO, mgms by salt, 
we must add, not NaCl, but a trifle more, call it 
(1 + a)NaCl mgms And similarly, the complete 
ppn of NaCl mgms demands (l + ^)AgNO, 
mgms The exact values of a and $ vary with 
the expenmental conditions, and are not sus- 
ceptible of separate determination Hence to 
determine an unknown weight, a: x Ag mgms of 
silver (^if we do not care to neglect the correcting 
factors), all we can do is (1) to add standard 
chloride solution — at last in very small instal 
ments, corresponding to say 0 02 mgms of silver 
each — until the ppn is exactly completed by, 
say, nxBCl mgms as calculated from Uie 
strength of the solution, and the quantity used. 
We then (2) titrate back with (very dilute) stan 
dard silver until the last drop no longer gives 
a cloud of AgCl, which will take, say, « x Ag 
mgms The mixture now is (practically) in the 
same condition as if no silver had been added 
but the chloride diminished by e x BCl mgms. 

Obviously the truth hes between x — n and 

aj-n—t, and we may say aj«(n— -1 ) 

Or, to put it somewhat differently , we have 
2x = 2n+ (jS -o)»— € L 

and 0»»(/3 -ho) — « , IL 

If we knew that we should have 
exactly * 
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Aooordmg to Mulder, if the silver, oalculsted 
M metal, amounts to about 1 gram, and is 
diffused throughout some 120 to 160 o o of 
mixture (a + )8) =0 001, about ‘ The explanation 
given in regard to chlorides holds substantially 
for bromides, iodides, cyanides (NCR) , sulpho 
cyanides (perhaps also for cobaltooyamdes, and 
some other metallo cyanides) , in the case of 
bromides, however, the numbers o and /3 are 
practically equal to ml (Stas), AgBr being even 
more insoluble in HNOg and KNO3 solu 
tions than AgCl is , hence we may surmise that 
the (o + /3) for iodide is still nearer to nothing 
The cases of NCR and NCSR have not been 
investigated in this sense Presumably the 
(a 4- j3) for cyanide is greater than, and that for 
(NCS)R aS about equal to, the value for chlo- 
rides 

Given (let us say) an alloy for which the 
percentage of silver is approximately known (say 
to ± 0 5 p c ) , the exact determination of the 
noble metal by titration with standard chloride 
(e g NaCl) solution offers no difficulty , but with 
an alloy Ac of utterly unknown composition 
the process even in practised hands is apt to be 
tedious Practical assayers, indeed, never apply 
Gay Lussac’s method without having first made 
a preliminary assay by the old method of cupel 
lation Volhard, some years ago, mvented a 
modification of Gay Lussac’s method, which, 
with a small number of samples at least, is 
quicker even than cupellation, and, in aU cases, 
IS more accurate He dissolves a known weight 
(equal to presumably 0 5 grm of silver) in nitric 
acid, dilutes moderately, hoils off all the N^Oj, 
adds 5 c c of saturated iron alum solution, and 
then drops in standard sulphocyanide of potas 
Slum (or ammonium) until the red colour of 
Pe(NCS)3 becomes permanent (The large quan 
tity of indicator prescribed is necessary, or else 
the end reaction lacks delicacy ) For the deter 
mination of chlorine (given as RCi), Volhard 
pps the chlorine first by an excess of standard 
silver, he then adds iron alum, and (without re- 
moving the AgCP) titrates back with KNCSAq 
until the end point is reached 

A very handy (but less exact and less widely 
applicable) method, introduced by Mohr, may 
here be referred to He brings the chloride into 
neutral or very feebly alkaline solution, and, after 
adding a few drops of yellow chromate of potas 
Slum, titrates with neutral silver nitrate until 
the red colour of the Ag CrO^ becomes perraa 
nent The method, if used as an empirical one, 
gives very good results 

Standaed Substances and Solutions 

1 Standard silver — Best prepared by Stas’s * 
process (precipitation of a cupriferous am 
moniacal solution of nitrate by added alkaline 
ammonium sulphite) The ppd metal, after 
havmg been washed, first with ammonia in the 

• Oar impression is that Mulder over-estimated the 
valno 

• The writer finds that high precision can bo reached 

only by removing the AgCl pp before titrating hack with 
KNCS (See Dlttmar s Report on the Composition of Ocean 
Water^ p 4 [ CJhallenger Memoirs ] Also his Exercises 

fit Quantitative Analysis section on Sea water ) 

• Reehetches sur les rapports lieiproques des poids aio- 
isiiques (Bruxelles, 1860), and Eouielles Racket ekes^ dto 
(Bruxelles, 1865), or German translation of both works 
AjroBiietn (Leip^g, 1867). 


presence of air, then «rith water, is heated to red- 
ness, when it becomes semi compact It is the8l 
broken up in a mortar into granules, again 
heated, and preserved m this form There is no 
need of going to the trouble of fusing the metal, 
provided it is proved to be free from every trace 
of chloride 

2 Standard chloride — Pure chloride of 
sodium 13 universally recommended The 
writer prefers pure KOI prepared by strongly 
heating re crystallised perchlorate The per 
chlorate is deoxygenated as far as convenient in 
a platinum basin, and then fully by fusion m 
a platinum oruoible The fused salt is quite 
neutral , yet for very precise work it is perhaps 
better to dissolve the fused salt in water, add 
hydroohlono acid, evaporate to dryness (in pla- 
tinum), and keep the residue at a temperature 
just short of the fusing point until the weight 18 
constant 

8 Standard solutions of 1 and 2 — Both can 
be standardised synthetically, on the basis of 
Stas’ atomic weights , for general purposes 

^ and grms per litre are convenient 


strengths For exact work the solutions are 
combmed with centmormal solutions, containmg 


As and 
100 100 


grms per litre 


4 Pure bromide of potassium^ and standard 


(—— grms per litre) of the same for 


very precise determinations of silver Regarding 
the preparation of the pure salt, see Stas’s 
Memoir 

5 Standard sulphocyanide — About A 
NCS NH4 grms of the pure (chlorine free) 
ammonium salt is dissolved to 1 litre, and the 
exact strength is determined empirically by 
means of a ^own weignt of silver ^ssolved as 
nitrate 


II Methods based on saturations^ 
that IS, reactions of the type 

XH + ROH = HOH + XR, 
regarding these, we have little to add to what 
was given under Theory of Titration {q v ) For 
XH = NO,H, i SO4H , ClH.HCiO^, and other strong 
acids (including oxalic and formic) on the one 
hand, and R = K,Na, generally, and for 
R = ^ (Ba, Sr, Ca) as long as no insoluble salt is 
produced, on the other, the equation is a strictly 
correct theory of the process For phosphono 
acid, HX must be taken as representing 
^H2(HP04), RHO being an alkali, but even 
then the lesults are not very constant. For 
weaker acids, such as acetic, butyric, Ac., the 
method is purely empirical An approximation 
to a standard acetic acid is obtained by measuring 
off a known volume of standard sulphuric acid, 
and adding say two equivalents of perfectly 
neutral acetate of soda. In determinations 
ammonia it is as well not to assume that NH, OH 
IS an absolutely exact eqmvalent for KOH ot 
NaOH 


Standard Substances and Solutions. 

1 Pure carbonate of sodium, as a general 
standard alkah Prepared from pure bicarbonate 
(recrystallised as sooh) by strongly healing in 
platinum The salt must not be fused for da* 
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hydration, or else it loses carbonic acid To 
obtain a really pure, and especially a potash 
Iree, salt, the best method is to add pure oxaho 
*cid to a decided excess of solution of the purest 
obtamable carbonate of soda, to collect the pp 
of OjO^Na^ formed, to wash it by displacement 
and to reduce it to NajCO, by heatmg strongly 
<W D) 

2 Oxalic acid, + 2 H 2 O, recom 

mended by Mohr as a general standard acid 
See that the preparation is free from fixed matter 
(eg potassium salts) If not, recrystallise it 
from hot 10 p c HCl, repeatedly, and lastly from 
water (Stolba) The carefully air dried crystals 
have the correct composition We prefer a hydro 
chloric ac’d, standardised by silver, for general 
purposes 

8 Solution of standard acid — Sulphuric 
works best for alkalis , hydrochloric is prefer 
able for general purposes The latter may be 
standardised by means of silver , either acid 
by means of a known weight of carbonate of 
soda,’ with standard alkali as an auxiliary re 
agent Thorpe recommends for the standardise 
tion of SO 4 H 2 , to add a known (excessive) weight 
of Na^COj, to evaporate to dryness, heat, and 
weigh the residue As every Na^CO, grms m 
passingintoNa 2 S 04 ,gains(S 04 -CO,)grms .every 

SO 

1 grm of gain of weight corresponds to — A_ 

grms of sulphuric anhydnde (I have tested 
this method, and found it to give very good re 
suits — W D ) 

4 Solution of standard alkali — Caustic 
potash or caustic soda for general purposes 
The reagent must be as free as possible from 
carbonate The preparation known as potash 
^nfied by alcohol almost fulfils this condition 
The best method is to causticise an almost 
carbonic acid free (dilute) ley with a slight 
excess of baryta in a nickel vessel , allow to 
settle, and preserve in a bottle provided with a 
protection tube filled with granulated soda hme, 
or baryta, Ba(OH )2 The trace of dissolved 
BaO disposes of traces of CO 2 that find their 
way into the reagent while being preserved 
4KOH grms per htre is a convenient strength 
It IB standardised empirically against measured 
standard acid 

6 Standard baryta water containing about 
•JBa(OH )3 grms per litre is used for special pur- 
poses, eg determination of free or liberated 
CO 3 . A stronger reagent is apt to deposit crys 
tals m cold weather It is standardised em 
pincally against standard hydrochloric acid In 
the absence of sulphates, baryta water is the 
best standard alkali for all purposes 

in Methods based upon processes of 
oxidation and reduction 

(As illustrated m Theory of Titration, by 
reference to Bunsen’s methods ) 

I Iodine (solution of I in El) as oxidant 
is available for the measurement of the follow 
ing reducers — 

1 Dissolved sulphurous cund acts normally 
under the conditions stated under Theory of 
Titration \ 

* Ppn with BaOl, and weighing the B«SO« is not a | 
very exact method for the etandardlsattoa of a ■olphoric 


2 Dissolved alkali thiosulphate (in the 

absence of excess of alkali , even carbonate it 
not permissible) acts normally at any state of 
concentration which one could reasonably 
employ In the presence of acid the reaction 
takes its normal course only if the solution is 
suflaciently diluted, and the time 

to decompose spontaneously In practice, how- 
ever, this spontaneous decomposition is out of 
court, because, in all cases in which free acid is 
present, it forms part of the iodine solution, and 
the thiosulphate plays the part of reagent, so 
that the liberated passes at once into 

S 40 <,H 2 , which is sufficiently stable Free sul 
phunc acid in any quantity must be avoided 
{v supra) , free hydrochloric acid in moderate 
quantity does no harm, if the given iodine solu- 
tion IS diluted to about of the strength of 
the curtomary standard soliAion 

3 Alkaline arsenitc The reaction proceeds 
(not as promptly as those of 1 and 2, but) in a 
fair degree normally, provided there is enough of 
pure carbonate or bicarbonate of alkali to keep 
up an alkaline reaction to the end (Mohr) The 
best auxiliary alkali to add is sesqui carbonate of 
ammonia, it does not decolourise iodide of starch, 
to anything like the (slight) extent to which 
Na^CO, does (Mohr , later communication) 

4 Alkaline antimonite, or rather Sb^O, 
given as tartar emetic or m similar forms, is 
oxidised by iodine just as As^O, is (Mohr) 
Results fair 

5 Stannous chloride The execution of the 
process (SnCl 2 + 2HCl-i-l3 = 2Hl4 SnCl^) offers 
no difficulty, and added starch solution defines 
the end point sharply , but the results are very 
variable and inexact 

6 Sulphuretted hydrogen II S (in much air 
free water) with iodine reacts substantially 
thus — 12 + HgS = 2HI + S Results are only 
approximate, yet the method i& of some value 
for determmmg small quantities of H 2 S m much 
water 

II Iodine in combination with reducers 

for general purposes 

Only the combinations L and HjSOg, and I, 
and Na^S 0, are used now a days Discussion 
anticipated in section on Theory of Titration 

III Permanganate of potassium, as an 

oxidant, 

measures the following reducers directly, and in 
all cases the intense colour of the reagent mark? 
the end point with great sharpness 

1 Ferrosum A dilute, strongly acid, solution 
of ferrous sulphate, when titrated with solution 
of permanganate, is promptly oxidised into 
feme salt with formation of MnO salt from the 
reagent (Marguerite) 

Conditions of success —a, large dilution , 1 
litre of solution should contain at most 1 gram 
of metallic iron , 6, a sufficiency of free sulphunc 
acid, more than the equation demands, or else 
MnO, may separate out as a pp , c, absence of 
hydrochloric acid (and chlorides generally), or 
else part of the reagent is reduced by it with 
formation of Cl, Accordmg to Zimmerman, 
however, this by reaction can be prevented by 
addition of manganous sulphate to the ferrosum 
solution 4 grams of the salt MnSO^ + dH^O, 
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Bufflce per 60 0 c of 20 p c HCl nsed for dia 
solving me respective iron compound 

Iron given as feme salt may be redueed to 
ferrous salt, by (1) treatment with HjS , ( 2 ) pro- 
longed treatment in a warm solution with Na^SO, 
and HCl (works better with chloride than with 
sulphate solution) — in either case the excess of 
reducer must of course be expelled by ebullition 
— (d) zinc and acid, handy, but not so trust 
worthy as ( 1 ) or ( 2 ) 

2 Oxalic acid A strongly sulphuric solu 
tion of this acid is oxidised by the reagent into 
carbon dioxide and water (Hcmpel) The re 
action at first proceeds verv sluggishly, but 
then more and more promptly , as the quantity 
of MnSO^ produced increases Hence the ex 
pediency of adding MnSO^ from the first (Do 
Koninck) Whether Ji\drochloric acid interferes 
with this reaction as with the preceding one 
(whether for instance, it is permissible to dis 
solve oxalate of lime given for the determma 
tion of its oxalic acid in hydrochloiic acid before 
titrating) has not yet been determined 

3 Ai senious acid Arscnious acid m strongly 
hydrochloric solutions is oxidised by permanga 
nate into arsenic acid, but pait of the manganese 
separates out as MnO (Ivessbi) 

4 Antimomous acid as SbCl„ in a solution 
which contains not less than 1-2 \olunies of 
h>drochloric acid for 5 of water, is readily and 
coinpletel’v oxidised into Sb O, The reaction is 
available quantitatively [(d) and (4), Kessler, 
J 1803 0S3)] 

5 Sidphurous acid is readily oxidised into 
sulphuric , not investigated quantitatively , as far 
as we know 

G Peroxide of hydrogen In the presence 
of water and dilute sulphuric acid, the mutual 
reduction 

5H 0 0 + Mn,0, = 5H 0 + 2MnO + 60j 
proceeds normally and promptlv 

7 Nitrous acid (liberated from nitrite by 
H SO 4 in very dilute solutions) is oxidised by 
permanganate to nitric acid Results, under 
ceitain conditions, fair 

8 Cu O (ppd ) dissolved in acid iron alum, 
IS oxidised readily, and fairly normally, to 2 ruO 

IV Combined application of permanga 
nate and reducing agents 
A Ferrosum as reducer 

The higher oxides of manganese, when 
digested with HCl or dilute H and exces-, of 
ferrous salt, are readily dissolved as MnO salt, 
with formation of a quantity of ferricum pro 
poitional to the loosely held oxygen in the per 
oxide In the absence of atmospheric oxygen, 
xe in an atmosphere of CO^, the reaction takes 
its normal course, and becomes available for an 
obvious remainder method for the determination 
of such oxygen No doubt available for other 
peroxides 

Upon the ready action of alkaline permanga- 
nate on the sulphides, sulphites, thiosulphates, 
iodides, arsenites, formates, of K or Na, with 
formation of sulphate, lodate, arsenate, carbonate, 
respectively (and hydrated binoxide of manga 
nese), P 6 an de St Gilles {A Ch [3] 55, 374). 
has founded a general method for the determina- 
tion of the respective acids by means of a 
itandard solution of permanganate, and an 

VoL I 


auxiliary solution of ferrous sulphate After 
having carried out the required oxidation by 
means of excess of permanganate and a suffici 
ency of caustic potash, the mixture is acidified, 
the MnO^ and surplus MnjOy reduced by addition 
of, first, acid, and then excess of ferrous solution, 
and finally the surplus ferrosum is titrated by 
addition of more of the permanganate solution 
B Oxalic Acid as reducer 

Any higher oxide of manganese, MnO Ox* 
when digested with excess of oxalic acid and, 
sulphuric acid, is dissolved as MnSO^, with 
formation of CO^ fioni the reagent The oxalio 
acid 18 used as a standard solution, and what 
remains over after the oxidation is determined 
volumetncallv by permanganate (Calcium oxa 
late may separate out as a pp ) 

V Chromic acid (in practice a solution 

of K^Crpj) as oxidant 
is available for the direct titration of the follow- 
ing reducers 

1 Fnrosuvi Feirous sulphate or chlonde, 
m the presence of free acid, is readily and com- 
pletely oxidised by added bichromate solution 
llic latter may be standardised synthetically (or 
analvtically bv means of a known weight of dis- 
solved ferrosum) The end point is recognised 
bv means of itrricyanide as a drop test The 
results are in exact accordance with the chemi- 
cal equation even in the case of hydrochlorio 
solutions (Pinny, bchabus) An unknown 
weight of CiO, can be determined with equal 
exactitude by adding a known excessive weight 
of fcirosum (as sulphate) to the previously 
acidified solution, and titrating back with bi- 
chromate solution 

The combination K^Cr^Oj and ferrous salt 
IS equivalent to that of Mn 0 K^O and the same 
reducer It is available likewise for the deter- 
mination of As Og and Sb^jOg in strongly hydro 
chloiic solutions The solution is mixed with 
a (measured) excess of bichromate solution, and 
the mixture allowed to stand to give the 0 x 1 
dation time for completion , a known excessive 
quantity of ferrosum is then added, and its ex 
cess lb titrated by means of bichromate (Kessler) 

2 Sulphmous acid, Sulphuretted hydrogen^ 
Stannous chloride, in mineral acid solutions, 
arc readily oxidised by CrOg into SO,, 8 + HjO, 
SnCl^, respectively, and in all cases iodide of 
potassium and starch afford a sensitive indi- 
cator of excess of oxidant, which sharply defines 
the appaient end point of the process But, 
unfortunately, the corresponding ratio of the re- 
agents in no case coincides with that demanded 
by the respective equations, nor is it even con- 
stant in itself It varies according to the degrea 
of dilution, the proportion of free acid, the 
quantity of absorbed air m the reagents, cfeo , in 
a manner which defies all calculation (Kessler^ 
Mohr, Casselman) 

VI Ferric chloride, in combination 

with Stannous chloride 

The oxidation of an acid solution of SnCl, by 
added feme chloride proceeds very readily when 
the liquid is hot, and m fair accordance with 
the equation 

SnClj + Fe^Olg* SnCl4 + 2FeCl) , 
but the dissolved air of the reagents is drawn 

& 



S58 


ANALYSIS 


into the oxidation, and the results are conse 
quently irregular If however (according to Fre 
Bemus) we start with a hot, strongly acid, solution 
of feme chloride, and at a nearly boiling tem 
perature drop m stannous chloride, the process 
proceeds exactly as described by the equation, 
and the disappearance of the last trace of the 
yellow colour of the ferric salt defines the end 
point very sharply In case of doubt, add a 
slight excess of SnCL, allmo to cool, add starch, 
and titrate with iodine solution to determine 
the excess of SnClj, and allow for it According 
to the writer’s experience the whole of these 
operations must be done in an atmosphere of 
CO2, else the results are not exact Fresenius 
utihses the process for the determination of 
nitric acid The nitrate to be analysed is 
allowed to react with an excess of ferrous sul 
phate, strongly acidified by HCl, in an atmo 
sphere of H or CO2 hist cold, then hot , the NO 
is boiled off, and the ferricum produced is de 
termined by means of standard SnCl The 
ferricum present as an impurity in the ferrous 
salt is determined by a blank experiment, and 
IS allowed for 6 x Fe of feriicum produced, 
indicate 1 x NjOj of nitric anhydride 
Standard Substances and Solutions, for the 
Processes of Oxidation referred to 

1 Pure iodine is best made by fetas’s 
method Ordinary iodine is dissolved in the 
minimum of a highly concentrated solution of 
iodide of potassium, and re ppd as far as pos 
Bible by dilution with water The pp is 
washed, dried first on a porous tile, then over 
CaN^Og The dry product is distilled (or the 
small quantity needed for an experiment 
sublimed extempore between watch glasses), the 
first instalments of vapour being rejected on 
account of possible contamination with water 
From such iodine 

2 A standard iodine solution might easily 
be made by exact synthesis But it is more eco 
nomical and less troublesome to prepare this 
solution by approximate synthesis from ordi 
nary good iodine (5 grams of Ij dissolved in 
10 grama of IK and 10-20 c 0 of water in a 
mortar, and diluted to 1 litre, gives a solution 
of convenient strength) , and to determine the 
exact strength by comparison with a known 
weight of pure iodine, by means of a thiosul 
phate solution of arbitrary strength Supposing 
p mgms of pure iodine weighed directly, and 
dissolved in IK solution, require t^cc of thio 
sulphate for their decolounsation, while n c c 
of the iodine solution require t c c , then 1 c c 
of thiosulphate is equivalent on the one hand to 

■^mgms of iodine, and on the other to ^ cc of 

iodine solution Hence 1 c c of the latter 

contams x I{ = 127) mgms of pure 

iodine 

3 Thiosulphate solution — Made by dis 
solving 10 grms of the pure salt, Na^SjO, SHjjO, 
in water, to 1 litre It decolourises about its 
own volume of the above iodine solution The 
strength is detemimed empirically by means of 
the latter 

4 Arsenious acid — Pure ASjO* is to be had 
in oommoroe, but the best qualities even are 


liable to be contaminated with Sb^j The 
powder is not hygroscopic 

As 0 

6 Arsenite solution — 4 96 grms = , of 

40 

powdered As^Og along with 11 grms of pure 
NajCOg ( = 30 grms of crystals, NajCO, + lOHp) 
are dissolved in a slanting litre flask in water, 
over a water bath , after cooling, the hquid is 
diluted to 1 litre 1 c c = 0 1 x ‘ I,’ ‘ Cl,* &c 
mgms [This solution, as a reagent, may serve 
for the direct titration of dissolved hypo 
chlorite — 2EC10 + AS2O3 = 2KC1 + AsPj The 
end point is recognised by means of iodide of 
potassium and starch paper , a drop of the 
mixture when placed on the paper produces a 
blue stain only as long as the EClO is m excess 
(P6not)] 

b Standard ferrosum — ^Fine pianoforte wire 
IS sure not to contain more than 0 4 p c of 
impurities, and consequently may be assumed 
to rejireseiit 0 098 ± 0 002 times its weight of 
real iron A known weight is dissolved m HCl 
or dilute H2SO^, in the absence of air, &c More 
convenient is 

Ferrous sulphate --FeS04 VHjO, ppd from 
a pure, hot, concentrated, acid solution, by 
alcohol The ppd salt is washed with alcohol, 
dried on bibulous paper, and finally by exposure 
to the ‘dry’ air of a room The dried salt is 
sifted to remove lumps, agam exposed to the 
air for a while and bottled up for use The 
exact percentage of iron is determined by 
strongly heating a known weight in a platinum 
crucible— at the end in the presence of air - 
until the weight is constant, and weighing the 
Fe^Oj This old preparation of Otto, accord 
ing to the writer’s experience, has a higher 
degree of stability m air than Mohr’s salt 
(Fe(NH4)2S20fi OH2O) 

7 Standard oxalic acia — The crjstallised, 
noimal, ammonium salt is the best standard 
oxalate for processes in which it serves as a 
reducing agent If air dry, it has exactly the 
composition C204(NH4)2 + HgO = 142 

8 Standard permanganate of potassium — 
An almost pure salt is to be had in commerce 
Yet it IS not pure enough to serve as a standard 
substance in itself A convenient solution is 
obtained by dissolving a little more than 3 lb 
grms ( =» 6 6 grms of ferrosum) in water, in a 
mortar, and diluting to 1 litre The solution is 
standardised by means of a known weight of 
ferrosum or oxalate of ammonium, according to 
the object which it is meant to serve 

9 Bichromate of potassium — E[2Cr20, The 
pure salt is not di&cult to obtam , but it is not 
easy to prove that it contams exactly 2CrOg for 
IKjO Besides, the uncertainty of the atomic 
weight of chromium is a difficulty To prepare 
the salt for use, it is powdered and dehydrated 
by keepmg it near its fusing point for a time 
in a platinum basm It is then fused at 
the lowest temperature, and allowed to solidify, 
when it breaks up spontaneously into small 
granular fragments, and thus assumes a con* 
venient form for weighmg 

10 Standard solution of bichromate of potas* 

Slum — A convenient concentration is — 

bO 

4 82 gms per litre. It may be standardised 
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eynthetically , but for the reasons stated it is 
on the whole preferable to standardise the 
solution analytically by means of a known 
weight of dissolved ferrosum 

11 Standard feme chloride — Pure feme 
oxide IS prepared by strongly heating ferrous 
oxalate It is dissolved, by prolonged digestion, 
m fuming HGl, and the solution is diluted to 

the nght volume ^ 2 ^^ ” ® grms per htre is a 

convenient strength 

12 Stannous chloride (for No 11) Pure 

granulated tin (approximately weighed) is 
boiled with pure HCl until a sufficiency of the 
metal is dissolved The residual metal is 
weighed, to ascertain how much has passed 
into solution For every 3 grms of dissolved tin, 
the solution is diluted— with air freewater — to 1 
litre The solution decolorises about ^ its volume 
of the iron solution, which latter serves for its 
standardisation This solution is so prone to 
oxidise in the air that it must be restandard 
ised expressly for each analysis W D 

ANALYSIS, ORGANIC Ultimate organic 
analysis is the determination of the elements 
present in an organic substance Proximate 
organic analysis is the determination of the 
compounds present in a mixture, or of the 
radicles present m a compound 

Ultimate Analysis 
Qualitative 

Carbon If a substance blackens when it 
is heated either alone or with sulphuric acid it 
probably contains carbon, in which case the 
black residue may be burnt away by heating to 
leJness in air A substance that does not 
blacken may nevertheless contain carbon A 
more general method of detecting carbon is 
first to warm the substance gently with dilute 
sulphuric acid, in order to expel COj that may 
be present as carbonate, and then to add several 
volumes of strong H SO^ and some K CrjO, , 
when the mixture is heated any organic sub 
stance will be oxidised, and the escaping COg 
will give a pp with lime water 

Hydrogen The substance is mixed in a 
tube with dry CuO or PbCr 04 and heated to 
redness , water comes off and condenses in a 
cold tube Very small quantities of water may 
be detected by passing the gases through a glass 
tube lined with PjOg, which will deliquesce In 
those experiments carbon may be detected by 
passing the escaping gases into lime water 

Nitrogen The substance is heated with 
soda lime and the nitrogen may then be given 
off as NH, and detected by its smell, action on 
red litmus, or fumes with HCl The soda lime 
must be strongly heated before use, until it no 
longer gives off NHg This test will not succeed 
with compounds rich in oxygen A more deli 
cate test consists in heating the substance with 
potassium in a test tube drawn out to a point 
After deflagration, the mass is dissolved in water 
and exammed for cyanide (Lassaigne, A 48, 367) 
This test IS not apphcable to diazo compounds 
(Graebe, B 17, 1178) 

Chlorine The ohlonne is eliminated m 
the form of a chloride, the presence of which is 
detected by AgNO, The conversion into chloride 


can be effected (a) by boiling with faming 
HNOg, in the case of volatile substances, the 
operation must be performed in a sealed tube 
(b) by boiling with alcoholic potash (c) by mix- 
ing with quicklime and heating to redness (d) 
by heating with H^SO^ and MnO* 

Bromine and iodine Ta&j he detected by 
the same methods 

Halogens may also be detected by fixing a 
lump of CuO to a platinum wire, dipping it into 
the substance, and heating first m the inner and 
then in the outer part of a Bunsen flame a green 
colour indicates halogens (Beilstein, B 5, 620) 
Sulphur 18 detected by strongly heating 
the substance with a mixture of sodio carbonate 
and sodic nitrate, or sodic carbonate and potassio 
chlorate , and testing the product for sulphate 
Or the substance may be fused with sodium 
free from sulphur in a test tube, and the pro 
duct examined for sulphide (Schonn, Fr 8, 62, 
309) Some compounds, such as albumen, give 
a black pp of PbS when boiled with a solution 
of PbO in NaOHAq Boiling HgCl^ or ammo 
niacal AgNO, often give a black pp of metallic 
sulphide 

Phosphorus may be detected by fusing 
with Na^CO, mixed with NaNO„ and examining 
the product for phosphate Or the carbonised 
substance may be heated with magnesium pow 
der , the product, containing magnesium phos 
plude, IS luminous in the dark, and when 
moistened with water will give off PH, (Schonn, 
Fr 8, 66) 

Quantitative 

Substances containing no elements beside 
carbon, hydrogen, and oxygen 

The substances are subjected to Combus- 
tion as proposed by Liebig (P 21, 1), hydrogen 
being weighed as HjO and carbon as CO^ The 
operation is performed m a closed or in an open 
tube 

Closed tube, combustion 
A tube of hard glass (diameter 6 inch) is 
drawn out as represented, the length being about 
18 inches It is thoroughly cleaned by washing 
with fuming HNO,, water, alcohol, and ether , 
and is then dr^ed Coarsely powdered oxide of 
copper, which has been prepared by oxidising 
the metal, not by strongly heating the nitrate, 
and has been dned at a red heat, is poured in 
as far as a , a mixture of the weighed substance 
with finely powdered dry CuO is then poured in, 
it fills up the space from a to 6 , the vessel 
(mortar or glass tube) in which the mixture has 
been effected is then rinsed with more finely 
divided CuO, and these rinsings are poured mto 
the tube and take up the space 6 to c , finally 
some coarse CuO is poured in, taking the space 
c to d The tube is then gently tapped to ensure 
free passage for gas from end to end A tube 
containing CaClj is fixed by means of a cork to 
the open end of the combustion tube, and a 
bulb apparatus (Liebig’s or Geissler’s) contain<> 
ing caustic potash (^1 pt KOH to 2 pts HjO) if 
attached to this, and m accurate experiments a 
drying tube containing CaCl^ or sohd KOH if 
placed beyond the potash bulbs 

The oxide of copper at d is first heated to 
redness, and then the tube is heated at the other 
end , the gas burners of the furnace are than 

b2 
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gradually turned on, at either end, bo that a 
regular stream of bubbles passes into the potash 
bulbs When the entire tube has reached a dull 
red heat, the potash solution will begin to be 
sucked back, owing to absorption of CO , at this 
moment the point of the tube is broken ofif, and 
air IS sucked through the entire apparatus in 
Older that the gases still contained in the tube 


of gas At the end of one experiment the 
tube IS quite ready for a second 

Liquids of high boiling point are analysed 
in the same way as solids, except that they are 
weighed in short open tubes , volatile liquids 
such as ether are best put into a bulb or 
V tube, which is inserted between the oxygen 
apparatus and the combustion tube , the pro- 






may be drawn into the weighed bulbs, in this 
operation a long glass tube, open at both ends, 
may be placed over the broken point of the tube 
to prevent furnace gases being sucked in The 
calcium chloride tube and potash bulbs are 
\\eighed when cool ^ of the inciease of weight 
of the foiTner is hydiogen, ^ of the increase of 
weight of the latter is carbon 

Open tube, combustion 
It IS in every way better to make the com 
bustion in an ‘open tube,’ that is a tube through 
which oxygen is continually passing 

The greater part of such a tube is filled with 
oxide of copper, c d , this is followed by an open 


portion between oxygen and vapour of the sub 
stance depends upon the temperature of the 
bulb tube and should be so regulated that the 
oxygen should be always in cbnsiderable excess, 
otherwise an explosion might occur 

The potash bulbs may be replaced by a 
U tube containing soda lime , in this case the 
escaping gas must be allowed to bubble through 
H^b 04 in order that the rate at which it is com 
ing off may be noted 

Mihute quantities of carbonic acid are ab 
sorbed by CuO and even by PbCrO^ and retained 
at a red heat Hence in the determination of 
minute quantities of carbon (as in the residue 
from drinking water) these substances should 



space of about 2 inches , then comes a porcelain 
or platinum boat, b, containing the weighed sub 
stance , beyond (between h and a) it is advisa ^ 
ble to have a spiral of oxidised copper The 
boat and its contents are not inserted until the 
whole tube has been red hot for some time, 
during which a current of dry oxygen, free from 
carbonic acid, has been passing through it , it 
18 of course necessary to allow the end a c of 
the tube to cool down before inserting the sub 
stance, otherwise this would be volatilised too 
rapidly While the tube is cooling, the calcium 
chloride tube a, potash bulbs b, and the drying 
tube c are attached The tube, which is still 
red hot from c to d, is now heated at a and 
the burners are lighted one after another until 
the whole tube is red hot A slow current of 
oxygen is passed in at a during the combustion 
The combustion is continued until oxygen 
escapmg from o will rekindle a glowing match 
Before weighing, the oxygen in the tubes A, c, 
but especially b, must be displaced by air , in a ' 
properly conducted experiment o will not gam | 
more than 01 g , a greater mcrease mdioates 
apurting of the potash due to a too rapid current 


be previously ignited in a current of air (Dittmar 
a Robinson, C N 36, 26) 

Minute quantities of carbon may also be esti 
mated by burning in an open combustion tube 
in a current of oxygen, in the usual way, and 
absorbing the in baryta water The BaCO, 
IS filtered off, converted into sulphate and 
weighed (Dupr6 a Hake, C J 85, 169} Other 
methods are described below 

Combustion with Chromic Acid 
Carbon may be determined by heating the 
substance wnth CrO, and HgSO^ and measurmg 
the mixture of CO and 00, given off (Cross a 
Bevan, C N 52, 207) 

Substances containing Nitrog&n 

Determination of Carbon and 
Hydrogen 

If the substance contains nitrogen, nitrous 
fumes might be evolved, and these would be ab 
sorbed in the weighed tubes To prevent this, a 
layer of metallic copper is put m the front of the 
tube, near d, and kept red hot it reduces oxides 
of nitrogen to nitrogen This copper is best 
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obtained by heating a roll of wire gauze in a 
Bunsen flame, and reducing the oxidised surface 
in a current of hydrogen , it should then be 
allowed to cool in a current of COj, as it would 
absorb hydrogen if left to cool in that gas The 
copper spiral may also be rt duced by heating it 
m the mixture of CO and COj obtained by 
warming oxalic acid with H-SO. (C E Groves, 
C J 37, 60o) 

Bmoxide of manganese mixed with potassic 
chromate may be used instead of a reduced 
copper spiral in combustion of nitrogenous sub 
stances The mixture is made by stirring 
precipitated bmoxide of manganese with a 
saturated solution of potassic chromate con 
taming a little bichromate, the paste is diied 
and heated somewhat strongly The combustion 
IS performed with ]glumbic chromate (or copper 
oxide) in the usual way, about 5 inches of the 
chromate mixture being put in the front part 
of the tube to absorb the nitrous fumes In per 
forming a combustion, the whole tube is strongly 
heated, while pure air is passed through it, 
then the absorbent mixture is allowed to cool to 
200°-250° and kept at that temperature during 
the combustion (Perkin, C J 37, 457) 

Estimation of Nitrogen 
Will and Varrentrapp (A 39,257) mix 
the substance with soda lime, that has recently 
been etrongly heated, and put the mixture into 
a short combustion tube drawn out to a point 
at one end The operation is conducted exactly 
as m combust on m a closed tube {v svpra), 
the escaping gases being passed into a bulb 
apparatus to absorb ammonia The bulbs con 
tain h}diochloric acid, the NHj being weighed 
as (NH^)^PtCla , or, better, standard hydrochloric 
or oxalic acid, the amount of NHj being then 
dctei mined by subsequent titration 

If the soda lime contain nitrate it will evolve 
NHj even when heated with sugar (Schulze a 
Kreussler, Fr 12, 362) If m preparing the 
soda lime a little Na^SjOg be added before 
evaporating and strongly heating, small quan 
titles of nitrates and nitrites will be reduced 
and eliminated as NH, (Dittmar, pnv com ) 
Substances rich in nitrogen should be mixed 
with sugar after weighing 

Unfortunately many organic compounds do 
not yield all their nitrogen in the form of am 
monia when ignited with soda lime , such are 
nitroso , nitro , azo and diazo , compounds, 
and even some proteids (Eitthausen, Fr 17, 601 , 
Kreussler, J 1884, 1608) , in this case the method 
of analysis proposed by Dumas is generally used 
Modifications of the soda lime process intended 
to overcome this difficulty have, however, been 
proposed Ruffle (C J 39, 87) mixes the sub j 
stance (1 g ) with sulphur (76 g ) and finely ] 
powdered Wjood charcoal ( 75 g ) Soda lime pre 
pared from NaOH (160 g ), water and CaO (66 g ) 
IS dried and mixed with Na 2 S 203(21 g ) Two 
thirds of the tube is filled with this mixture, 
containing the substance to be analysed, the 
remaining third is ordinary soda lime, which 
prevents evolution of H^S The thiosulphate i 
reduces nitro compounds | 

Arnold {B 18, 806) prefers a mixture of 
0Oda lime, sodium formate and Ka^S^Oj 

Dumas {A Ch [2J 53, 1711 heats the sub- j 


stance with oxide of copper and measures the 
escaping nitrogen A combustion tube closed 
at one end has first some bicarbonate of soda, 
or, much better, magnesite, put into it , this is 
followed by pure oxide of copper, a mixture of 
oxide of copper and the weighed substance, pure 
oxide of copper, and finally a bright copper spiral 
— just as in an ordinary combustion , the end of 
[ the tube is closed by a cork through which passes 
a delivery tube dipping under mercury Before 
beginning the combustion all the air must be 
driven out of the tube by carbonic acid, this is 
effected by heating the magnesite , the combus 
tion IS then proceeded with m the ordinary way, 
and the gaseous pioducts are collected in a 
graduated tube standing over mercury and con 
taming 50 c c of a solution of caustic potash 
(equal weights of potash and water) The pro 
ducts of combustion are water, carbonic acid, and 
nitrogen, the two former are stopped by the 
potash, so that the gas that collects is pure 
nitiogen , at the end of the “xpenraent the com 
bustion tube etill contains nitrogen which must 
be expelled by heating the magnesite a second 
time The eudiometer and its contents is then 
transferred to a vessel containing air free water, 
which takes the place of the mercury and 
potash The volume of the nitrogen corrected 
for pressure and temperature enables one to 
calculate its weight 

As there is some danger that the magnesite 
may be all used up in the prelimmaiy expulsion 
of air from the tube, a convenient modification 
of this process consists in expelling the air by 
h\drogen , the hydrogen is got rid of by igniting 
a little of the copper oxide m the front part of 
the tube , a complete vacuum is thus formed, 
and the mercury rises m the delivery tube to the 
height of the barometer The combustion is 
proceeded with in the usual way, and the 
residual nitrogen expelled by heating the mag 
nesite 

Bicarbonate of soda, MnCOg, or a mixture of 
Na COg and KjCrjO^ may be used instead of 
magnesite as a source of CO 2 In order that the 
tube may be used several times without turning 
out all the copper oxide, C E Groves (C J 37, 
504) places the substance intended to evolve 
COj m a separate tube, 7 inches long, which is 
attached by a short glass connecting tube to the 
end of the combustion tube, which is m this 
case open at both ends A fresh carbonic acid 
tube is used for each experiment The COj may 
also be obtained from marble and HClAq or 
HjSOj, but it 18 then liable to contain air unless 
the apparatus be first exhausted by an air pump 
(Beinthsen, Fr 21, 63) or heated to boiling 
(Hufschmidt, B 18, 1441) The nitrogen is 
frequently contaminated with NO Erankland a 
Armstrong (C J 21, 77), after reading off the 
nitrogen, pass up a little oxygen, and, when the 
resulting NOj has been absorbed, they remove 
the excess of oxygen by potassium pyrogallate 
The mean between the volumes of gas before 
and after this operation is the true volume of 
mtrogen (Thudichum a Wanklyn, C J 22, 293). 
Apparatus for collecting and measuring the 
mtrogen have been devised by Zulkowsky (A, 
182, 296), Schwarz (B 13, 771), Ludwig, 
{B 13, 883), H Schiff (B 18, 885), C E 
Gro\es (C J 37, 600), btaedel {Fr 19, 452), 
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Schmitt ©r {2] 24, 444), Gladding {Am 4, 
42), Hempef {Fr 17, 409), and Ilmski (B 17, 
1847) Frankland a Armstrong (C J 21, 77) 
connect the tube with a Sprengel’s pump, which 
delivers the gas into a eudiometer at the end of 
tlie dropping tube (see also Gibbs, Fr 11, 206 , 
Heinpel, Bn. 1, 9, Piluger, -Fr 18, 296, Johnson 
a Jenkins, Am 2, 27) Explosive substances 
may be analysed under diminished pressure 
The weight of nitrogen is calculated from its 
volume with the aid of the annexed table Erom 
the barometric height, corrected for expansion 
of mercury and of the scale, the vapour pressure 
of water at the temperature of the nitrogen is 
deducted , from the corrected pressure and the 
temperature the weight of nitrogen is at once 
given by the table 


(Arnold, Ar Ph [2] 24, 785) Kreusler recom- 
mends a mixture of cone HjSO^ (9 pts ) and 
P2O5 (1 pt ) as a substitute for fummg ]^S04 
{v ^so Warmgton, C N 62, 162) 

Substances containing Halogens 

Determination of Carbon and 
Hydrogen 

In the combustion of substances containing 
chlorine white fumes of cuprous chloride might 
pass into the chloride of calcium tube, and even 
chlorine might be given off by the action of the 
oxygen (Stadeler, A 69, 335 , Kraut Fr 2, 242) , 
these sources of error may be prevented by 
placing a roll of silver foil between the copper 
oxide and the cork into which the chloride of 


Pressure of Aqueous Vapour, in mm ‘ 

Temp I 10° I 11° I 12° I 13° I 14° I 150 I 16° I 17° I 18° } 19° I 20° I 21° ( 22° I 23° I 24° [ 2^° 

Presaure | 9 2 1 9 8 1 10 5 | 11 2 1 11 9 j 12 7 | 13 6 | 14 4 | 16 4 j 16 3 | 17 4 | 18 6 | 19 7 | 20 9 | 22 2 | 28 G 


Reduction of Barometric Height 
If the barometer has a glass scale, the 
necessary reduction will be found by multi 
plying the folio wmg numbers by the temperature, 

VIZ — 


mm 

Reduction 

mm 

Reduction 

720 

123 

750 

128 

725 

124 

755 

129 

730 

125 

760 

130 

735 

126 

705 

131 

740 

127 

770 

132 

746 

127 

775 

133 


Vapour Pressure of Aqueous KOH 
When nitrogen is measured over aqueous 
potash, the correction for vapour pressure is less 
than that given above, as is seen from the fol 
lowing table, which relates to a solution of 1 pt 
of potash in 2| pts water (SGI 258) 


10° 

6 19 

18° 

10 47 

11° 

6 68 

19° 

11 20 

12° 

7 02 

20° 

1197 

13° 

7 48 

21° 

12 80 

14° 

7 99 

22° 

13 70 

16° 

8 53 

23° 

14 62 

16° 

9 13 

24° 

16 60 

17° 

9 77 

25° 

16 65 


(Kreusler, Fr 24, 446) 

In the course of an elaborate discussion of the 
various methods of estimating nitrogen, Kreusler 
{Landwirihschaftliche Versuchstationen, 31,207 , 
cf Fr 19, 92 , 24, 438) recommends that the 
copper oxide be mixed with asbestos Cupric 
sulphate (150 g ), water (400 g ), and light asbes 
tos (60 g ), are evaporated until almost dry , the 
mass IS then thrown m small quantities into 
boiling water (2500 g ) containing KOH (160 g ), 
and finally washed, dried, and heated until red 
hot Kreusler also uses copper asbestos prepared 
by reduemg this copper oxide asbestos in place 
of copper spiral 

if^itrogen may often be converted into NH, by 
KMn04 and boiling NaOHAq (Wanklyn, Chap- 
man, a Smith, 0 J 20, 445), or by KMnO^ and 
fuming HjSO^ (Kjeldohl, Fr 22, 870) In the 
latter case it is better to add CuSO^ (Hilfahrt 
C C 16, 17), benzoic acid, sugar, and mercury 


I calcium tube is inserted This part of the tube 
IS kept at a dull red heat througliout the com 
bustion , cuprous chloride and silver foim silver 
chloride and copper 

If the substance contains nitrogen as well as 
halogens, a copper spiral need not precede the 
silver spiral 

Determination of Halogens 

This 18 usually effected by placing 4 c c 
fuming nitric acid and about a gram of silver 
nitrate in a strong glass tube, then sliding down 
a little tube containing the weighed substance 
in such a manner that it may stick to the wet 
glass and not at once fall into the acid, the 
open end of the strong glass tube is then fused, 
drawn off to a stout point and sealed A little 
tapping will now cause the tube containing the 
substance to fall into the acid, after which the 
whole 18 heated at 180° for seven hours m a gun- 
barrel Aromatic substances require a higher 
temperature, 250°-300° Silver chloride (bro 
mide or iodide) is formed, and, after opening the 
tube, diluting and boiling, it is collected, dned, 
and weighed (Canus, A 116, 1 , 136, 129) A 
still easier method is that lately proposed by 
Plimpton and Graves {C J 43, 119), in which 
the organic substance is burnt in the flame of a 
small Bunsen burner , the halogen is left chiefly 
combined with hydrogen but partly m the free 
state The products are sucked through aqueous 
NaOH, which is then boiled with SOj and sub- 
sequently mixed with HNO3 The halogen is 
then estimated volumetncally (best by sulpho- 
cyanide method) or gravimetncally 

Another method is to heat the substance in 
a combustion tube through which oxygen charged 
with nitrous fumes is passing (Klason, B 19, 
1910) 

Halogens may in many cases be determined 
by strongly heating with lime , with a mixture of 
NojCO, and KNO, (Volhard, A 190, 40) , with 
FejO, (E Kopp, B 8, 769 , Klobulowski, B 10, 
290) , or with alcohohc KOH , or by reducing 
with sodium amalgam (Kekul6, A Suppl 1, 340) 

Halogens in the side chains of aromatic 
compounds may be estimated by boilmg with 
a saturated alcoholic solution of AgKO, 
(Schulze, B. 17, 1675). 



Table showing the weight m milligrammes of 1 c c mtrogen at 10° to 25° C and 720 to 770 mm pressure (Dietrich, Fr 6, 38) 
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Oonipounds containing Sulphur 
Determination of Carbon and 
Hydrogen 

In the analysis of compounds containing 
iulphur there is danger that SO^ may be absorbed 
in the weighed tubes This is obviated by using 
lead chromate, in the form of small fused lumps, 
instead of cupric oxide The PbCrO^ (10 pts ) 
may be mixed with K 2 Cr 207 (1 pt ) Sulphur 
remains in the tube as Pb&O^ Volatile 
substances containing N as well as S must be 
burnt slowly (V Meyei a Stadeler, B 17, 1577) 
According to Bitthausen (Fr 22 lOS), reduced 
lead chromate can be re oxidised by heating in a 
current of oxygen It is of course not necessary 
to hll the whole tube with lead chromate, the 
posterior half may contain CuO A mixture 
of CuO and PbCrO, is sometimes used 

Determination of Sulphur 

Sulphur may be estimated by the method 
of Carius, by heating with fuming HNOa in a 
tube as described for halogens , the sulphuric 
acid IS ppd by BaCl^ This method cannot 
usually be employed in the case ot organic sul 
phides, since these are converted into sulphonio 
acids 

The most rapid method is that of Plimpton, 
which consists in burning the substance in 
the flame of a small Bunsen, sucking the pro 
ducts of combustion through dilute NaOHAq, 
oxidising with Cl, and ppg as BaSO^ (Morley 
a Saint, C J 43, 401) Or the substance may 
be burnt in a stream of oxygen and the SO 2 
collected in HClAq containing Br (Sauer, Fr 
12, 32, 178, Mixter, Fr 22,581) In this experi 
ment it is better to pass the oxygen through 
fuming nitric acid so that it may be charged 
with nitrous fumes (Llason, B 19, 1910) In 
many cases sulphur may be determined by fusion 
with a mixture of Na CO, and KNO 3 or KClOj 
In the case of albuminoids it is convenient to 
evaporate with HNO, (10 pts of S G 14) before 
fusing (Kochs, C C 1886, 894) Oxidation may 
also be effected by NajCOj and HgO (Kussell, 
C J 1, 212) 

Phosphorus 

The estimation of phosphorus resembles that 
of S It IS weighed as Mg^PjO, 

Boron 

If compounds containing boron are analysed 
by combustion with copper oxide the hydro 
gen will come out too high, owing to the 
volatilisation of bone acid This is prevented 
by using lead chromate instead of cupric oxide 
(Councler, J pr [2] 18, 376) 

Silicon 

SiOj IS left behind when non volatile com- 
pounds are heated Volatile compounds are 
heated with cone or fuming HjSO, and KMnO^ , 
the product is poured into water The ppd 
HgSiO, IS freed from traces of manganese by 
fusion with NaaCO, and KNO, (Polls, JB 19, 
1024 ) 

AVeaha or Alkaline Earths 

In an ordinary combustion these would be 
left as carbonates, the estimation of carbon thus 


being too low , but if the substance is thoroughly 
mixed with PbCr 04 (10 pts ), and KjCr^O, (1 pt ), 
the COj will be turned out by CrO„ the bases 
being left as chromates Schaller {Bl [2] 2, 93) 
mixes the alkaline salts of organic acids with 
an equal weight of SiOj and then with CuO 
The alkaline metals are determined by strongly 
heating and analysing the inorganic res due 

Silver^ Platinum^ and Gold 
Are determined by strongly heating the substance 
and weighing the metallic residue 

Explosive Substances 

Must be well mixed with CaO before being 
put into a combustion tube, very exj)losi\e sub- 
stances are analysed m vacuo 

Combustion with platinum black 
Kopfer {C J 29, 6G0) introduced the use of 
finely divided platinum as a earner of oxvgen 
The anterior half of a combustion tube is hlled 
with platinum black intimately mixed with 
asbestos, the posterior half of the tube contains 
the weighed substance m a boat , air or oxygen 
IS passed through the tube, the combustion 
being conducted in the usual way 

Additional References 

Gay Lussaca Thenard,A Ch 74,47 (KClOj), 
Saussure, A Ch 78, 57 , Berzelius, Thomson 3 
Annals of Philosophy, 4, 401, P 44, 391 , Liebig, 
P 21, 1, Licbig a Wohlci, A 2b, 270, Hoi 
mann, C J 11, 30 , Cloez, A Ch [oj 68, 394 
(iron tube) , Bl [2] 1, 250 , Pi Schulze, Fr 6, 
289 (KCIO,) , Wheeler, Am S [2J 41, 33 , Mai 
chand, J pr 41, 177 , Gottlieb, A 78, 241 , Mel 
sens, A GO, 115 , Frankland, T 147, 63 , Thorp, 
C J 19, 359 , Maxwell Simpson, C J h, 289 , A 
95,63, Pfluger, Arc ges Rhys 1878, 117, H 
Schiff, A 195,293, Warren, A7n S [2] 42, 15b 
Determination of oxygen Waiiklyn a 
Frank, P M [4] 26, 554 , Baumhauer, A 90, 
228, Ar N 1, 179, Ladenburg, A 135, 1 
(AglOj) , A Mitscherlich, P 130,530 , B 1, 45 , 
6,1000,Cretier,Fr 13,1, Stromeyer,A 117, 247 
Simultaneous determination of C, H, 
and N (Schulze, Fr 6, 269 , Frerichs, B 10, 
26, Hempel, Fr 17, 409, Jannasch a V 
Meyer, H 19,949) 

Proximate Analysis 
Separation of Mixtures 
A complete account of proximate organic 
analysis would include descriptions of the pro 
perties of every known organic substance, since 
the methods to be adopted vary in almost every 
case 

The simplest method is separation by sol- 
vents which dissolve some but not all of the 
components of a mixture , when solid substances 
have been dissolved, they may usually be further 
purified by crystaUisation 

An unknown mixture is treated with water; 
the insoluble portion is shaken with dilute 
K^SO^ which dissolves bases, then with dilute 
NajCO, which dissolves acids, then with dilute 
NaOH which dissolves phenols , the bases are 
ppd by adding KOH to the HjSO^Aq , the acids 
and phenols by acidifying the alkalme solutiuni 
conUlmng them 
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The neutral residue is fiactionally distilled 
and the various portions are boiled with alco 
hollo KOH which saponifies compound ethers, 
and gives a pp of KCl in the case of fatty 
chloro derivatives The alcohol is distilled off 
together with volatile alcohols, dc , and the 
residue treated with ^\ater, which dissohes salts 
of acids that may have been formed The in 
soluble residue is a hydrocarbon high boiling 
alcohol, alkyl oxide, ketone, haloid aromatic 
compound, &c , the hydrocarbon will usually 
be left on treating the residue with cold H^SO^ 
if aromatic chloio derivatives are absent 

The aqueous extract of the original sub 
stance is neutralised (if necessary) and distilled 
The distillate is treated with KjCO, which 
separates alcohols, lactones, methyl acetate dc 
The residue is made alkaline by KOH and dis 
tilled bases pass over , it is then acidified with 
H SO 4 and distilled volatile acids pass over 
Tne residue is exactly neutralised and neutral 
substances are extracted by ether, chloroform, 
and benzene, the aqueous residue is acidified 
and non volatile acids aie extracted by these 
solvents , the residue is now made alkaline and 
again extracted, finally it is evaporated to dry 
ness, and, if any organic matter is still piesent, 
extracted with solvents (k also Alkaloids, p 
120 , Acids, p 56 ) 

Many substances, even of very high boiling 
point, distil in a current of steam 

Detection of 1 adicles 

Hydroxyl — Compounds containing OH 
evolve HCl when treated with PClj (p 54) , 
but if PClg 18 used chlorination may occur 
e g C.PIgOMe 4 PCI = C.H^Cl OMe + PCI, + HCl 
AcCl acts upon hydroxjlic compounds with evo- 
lution of HCl , when water is added to the pro 
duct the acetyl derivatives of alcoholic hydroxyls 
are not affected, but CO OAc is conveited into 
CO OH AcCl acts also upon amines in the fol 
lowing way 

C,HgNH 2 + AcCl = C.HgNAcH + HCl 
BzCl and Ac^O also displace hydroxylic hydro 
gen by acid radicles In compounds whose 
molecules do not contain NHg or NH the number 
of hydroxyls (other than those in carboxyls) 
present can be determined by estimating the 
acetic acid obtained by saponifying the pro 
duct after treatment with water The groups 
C CO NH and C CO CII in many cases act as if 
they contained hydroxjl and were C C(OH) N 
and C C(OH) CH 

Very dilute, colourless solutions of Fe Cl^ 
give a distinct colouration with compounds con 
taming alcoholic hydroxyl (Landwehr, B 19, 
2726) 

Zinc ethide evolves ethane gas when mixed 
with compounds containing hydroxyl or amido 
gen (Japp, G J 87, 665) , compounds contain- 
ing miidogen evolve gas when heated with ZnEtj 
at 100° (Japp, C J 39,224) (7 also Alcohols 

and Acids ) 

Amidogen is mdicated by the reactions 
just mentioned, and also by the readiness with 
which methyl can be introduced by heating with 
Mel Methyl iodide does not act upon hydroxyl 
except m presence of an alkah Compounds 
containing NHj evolve nitrogen when heated 
With nitrous acid 


The number of amidogens in the molecule of 
a compound may be found by treating the sub 
stance with KNO^ and H^SO^ , the escaping 
nitrogen is freed from NO by FeSO^ and then 
measured (Sachsse a Kormann, Fr 14, 380) In 
easily diazotised aromatic araido compounds, the 
number of amidogenc may be determined by 
dissolving in cone HClAq and titrating with a 
normal solution of KNOj, until a drop of the 
solution gives a blue colour with KI and starch 
(Green a Evershed, S C I 5, 633) 

Imidogen is indicated by the production of 
a nitrosamme when treated with nitrous acid 
(See also Amines, Amido acids, Amides ) 

Carbonyl is indicated by the reaction with 
phenyl hydrazine and hydroxylamme (p 107) 
Carboxyl is indicated by the easy pro 
duction of metallic salts, and by the splitting off 
of CO when the substance is heated alone or 
with lime 

Want of saturation is mdicated by instant 
bleaching of bromine 

Acetylenic hydrogen is mdicated by the 
formation of explosive pps with ammoniacal 
cuprous chloride or silver nitrate 

Nitroxyl — Nitro compounds may be re- 
duced to compounds containing amidogen The 
number of nitroxyls is found bv reducing with 
standard SnCl and titrating with lodme (Lim- 
pricht, B 11, 35) 

M e t h 0 X y 1 The number of MeO groups can 
be found by boiling w ith aqueous HI ( S G 168) the 
distillate (Mel) being received in alcoholic AgNO, 
and the resulting Agl weighed (Zeisol, M 6, 989) 
Halogens in the side chains of aromatic 
compounds can be estimated by boiling with a 
saturated alcoholic solution of AgNOj (Schulze, 
B 17, 1675) 

ANAMIETIN C,pH 40 ,{,(?) Occurs in grams 
of cocculus indicus {Anamirta cocculus) along 
with piciotoxm {q ^ ),piciotm, and glyceryl stca 
rate (Larth a Kretschy, Sitz B [ 11 ] 81, 7 , 
Francis A 42,254) Short needles (from water), 
insol benzene , becomes brown at 260° Neither 
bitter nor poisonous 

ANCHOlC ACID = Azelaic ACID 
ANCHDSIN V Alkanet 
ANDROMEDOTOXIN C„Hg,0.„ [228°] A 
poisonous substance m Rhododendron j^onticuin 
(Zaaijer, R 5, 313) 

ANEMONE — The plants Anemcnie nemo^ 
rosa, A piatensis, and A pulsatilla when dis 
tilled with steam yield anemonin, anemone 
camphor, anemonic acid, and a yellowish oil, 
which are extracted by shaking the distillate 
wuth chloroform (Lowig a Weidmann, P 46,46, 
Schwarz, Mag Pharm 10, 193 , 19, 168 , Feh- 
ling, A 38, 278 , Dobraschmsky, J Ph [4] 1, 
319 , H Beckurts, C C 1885, 776) 

Anemouin [ISO'^J Trimetrio 

crystals , sol CHCI3, si sol alcohol and water, 
insol ether Reduces AgNOg - PbOC, 5 H,jO^ 
Anemonic acid Amorphous powder , insol 
water, alcohol, and ether 

Anemone-camphor Trimetnd pngms, un- 
stable 

ANETHOL C,„H, 0 le 

CHgO OgH^ CH CH CH, [14] Methyl thpro- 
pmyl phenol [213°] (282°) SG aC 987 

16167 (Gladstone, C J 49, 623) Bgo 
77 97 (Nasim, O 15, 93) SYS 149 34 
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Occurrence — In oil of amsc (from Pttnpi 
nella anisum) together with a terpene, in China 
or star anise (from Illtcium antsatum) yin fennel 
{Aneihum fomicu'tmC), and tarragon {Artermsm 
Dracunculua) (Laurent, Beviie Scient 10, 6 , 
Gerhardt, A 44, 318 , 62, 401 , Cahours, A Ch 
[3] 2, 274) 

Formation — Together with COj when 
CHgO CgH, CH C(CHg) CO^H is heated (Perkin, 
C J 32, 669) 

Properties — Plates, v si sol water, v e 
Bol alcohol and ether Easily polymerised 
Reactions — 1 Oxidation produces anisic 
aldehyde, anisic acid, and acetic acid (Hempel, 
A 69, 104) — 2 Alcoholic potash produces 
C,«H,80, [87°] and [66°] , the latter 

forms an acetyl derivative [40°] (Landolph, B 
13, 147 , C B 81, 97 , 82, 22G) —3 Nitro^ijl 
chloride produces CaH4(OMe) C,H^NOCl which 
reduces to CyH<(OMe) CgH^NH (Tonnies, B 12 , 
169) — 4 Nitrous acid produces two bodies 
C,H,(OMe) C3H,N,03 and C,H,(OMe) C,H,N 
[97°] The former may be reduced to 
C«H,(OMe) C,H5(0H)NH HCl, the latter to 
(CH,0C„H,C3H,)2N,0, (?) (T,B 13, 1845) — 
6 Boron fluoride produces CgH^OMe, and a 
liquid C.jHigO (c 227°) (L , C jR 86 , 601) — 
() HI at 260° forms C,H,fl (150°) and C,2H , 
(210°) {Ly C B 82, 849) — 7 PCl^ forms 
C,„H,,C10, [-3°], (229°), SG M 1191 

(Landolph) , Ladenburg gives different proper 
ties for chloro anethol, viz [6°], (258°), S G - 
1 126 —8 Br forms C,oH,2Br20, [65°] (Laden 
burg, A Suppl 8 , 87 , ^ [2] 5, 576) 

Anethol - tetrahydride CjoHigO Anethol 
camphor [190°-193°] Has a camphor like 
smell Formed together with anisic aldehyde 
by the oxidation of anethol with HNOg (L ) 
Smells like camphor On oxidation with K^CrjO, 
it gives an acid which forms long needles of melt 
mg point [176°] (anisic acid ?) 

Anethol - hexahydride CjoHjgO Anethol 
bomeol [19°] (198°) Formed together with 

an acid by heating anethol tetrahydride with 
alcoholic KOH (L ) Long slender needles 
Insol KOHAq 

Anethol dihydride Methyl Propyl phenol 
A netholn (C,oH,20)„ Anisoln [140°-146°] 
From anethol by shaking with a little HjSO^ 
or P5O5 (C ), or by the action of SnCl4 (Gerhardt, 
J pr 36, 267), I in KIAq (Will a Rhodius, A 
66, 230) or BzCl (Kraut a XJelsmann, J pr 77, 
490) Prepared by distilhng oil of anise with 
cone H2SO4 Needles (from eiher) , insol 
water and alcohol Decomposed on distillation 
into liquid metanethol and solid isanethol 
Metanethol (0,„H,jO}„ [132°] (above 300°) 
Prepared by heating anethol (210 g ) with 
ZnClj (760 g ) in a copper retort , in a few 
minutes white fumes appear in the receiver, 
superheated steam is then passed into the re 
tort , the metanethol then passes slowly over 
The yield is 6 to 10 p c (Perrenoud, A 187, 63) 
Silky needles (from ether) Not volatile with 
steam at 100° 

Metanethol sulphonic acid 
(CioH„(S 03H)0), Formed by cone HjSO.mthe 
cold Salts — CaA'j aq lammas — BaA , 
Chloride C,oH„(S02Cl)0 [183°] 

Liquid metanethol (C,„H„0)„ (288°) 

BG ia 971 Formed by ^stilling anethoin 


(Kraut a Schlun, Z 1868, 369) , and by dis- 
tilling anethol with ZnCL Converted by cone 
H2SO4 into anethom At 820° it partially 
changes to isanethol 

Sulphonic acid — (C,oH,,(SO,H)0), (Qcr- 
hardt, c/ pr 36, 276) Salt — CaA'jaq gummy 
Isanethol (0,oH,oO)„ A viscid mass left m 
the retort when anethom is distilled, cone 
H2SO4 converts it into anethom 

ANGELICA, OIL OF The seeds of Angelica 
archangelica yield an essential oil (S G ^ 872 , 
[a]p 13° 8') containing a terpene, C,oH,8 , (175°), 
SG - 833, [o]d = 12° 38' The rotatory power 
of this terpene is reduced to 4° 52' by heating 
for 432 hours at 100° , it is readily polymerised 
and easily oxidised (Naudin, C B 93, 1146) 
The essential oil also contains methyl ethyl 
acetic and oxym>iistic acids* (R Muller, jB 14, 
2476) The roots of Angelica archangehca yield 
an essential oil (S G ^ 375) containing a ter 
pene (166°), S G ^ 870, [a] = 2° 60' This 
terpene polymerises readily under the influence 
of heat or sodium (Naudin, C B 96, 1152 , Bl 
[2] 39 406) 

ANGELIC ACID CB.,0, le 
CH, CH CH(CH,) CO H Fentenoic acid Mol w 
100 [45°] (185° 1 Y ) 

Occurrence — In the root of Angelica 
archangehca (Buchner, A 42, 226) Oil of 
chamomile [Anthemis nobilis) may be separated 
bv fractionating into isobutyl isobutyrate, iso 
butyl angelate, amyl angelate, and amyl tiglate , 
the residue contains hexyl tiglate and anthemol, 
C,„H,,jO (Kobig, A 195, 95) Angelic acid is 
formed together with laserol by heating laser 
pitin with alcoholic KOH (F eldmann, A 135,236) 
Preparation — 1 Angelica root (50 lbs ) is 
boiled with lime (4 lbs ) and water, and the 
filtrate acidified with H2SO4 and distilled (Meyer 
a Zenner, A 55, 317) — 2 Oil of chamomile is 
saponified by alcoholic KOH (Kopp, A 195, 81 , 
Pagenstecher, A 195,108, Beilstein a Wicgand, 
B 17, 2261) — 3 Sumbul or moschus root con 
tains a resin which when boiled with alcoholic 
KOH yields angehc and methyl crotonic acids 
(Reinsch, Jahrh pr Pharm 7, 79 , E Schmidt, 
Ar Ph [3] 24, 528) 

Properties — Monoclimc pnsms or needles , 
si sol cold water, v sol hot water, alcohol, and 
ether 

Beactums—l Hydriodic acid at 190° re 
duces it to valeric acid (Ascher, Z [2] 6, 217) — 
2 Potash fusion produces acetate and propionate 
(Demarpay, C H 80, 1400) — 3 Bromine forms 
a dibromide [86°] — 4 Cone H2SO4 converts it 
into tiglic acid — 6 KMn04 gives CO3 and aide 
hyde (B a W ) 

Salts — BaA'24^aq crystalline mass — 
CaA'j 2aq long needles, much more soluble in 
cold, than m hot, water — AgA' feathery 
crystals, si sol water — PbA'j crystals, si sol 

Ethyl-ether — EtA' (141 5°) S G 2 935 
Isobatyl ether C4H„A' (177°) 

Isoamyl ether CjHjjA' (201°) 
Anhydride (CjHjO)20 Oil (Chiozza, 
A Ch [8] 39, 210) 

Hydrtodide CBC, CHI CH(CH,) CO^H 
[46°] Jodo valeric acid Pnsms Formed by 
very oonc HI 

Conshtutum — Angelic acid is isomeric with 
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fcJlyl aooticacid,CH, CH CH^ CH, CO H, methyl 
crotomc or tiglio acid CH 3 CH C(CH 3 ) CO^H, 
B di methyl acrylic acid (CH 3 )iC CH CO H 
(Ustinoff, J pr [ 2 ] 34, 484) propylidene- 
acetic acid, CH, CHj CH CH CO^H, and tetra 
methylene carboxylic acid 

The same valeric acid, (17S°-175° nncor ), 
8 G- 941, IS formea by reducing the hydriodides 
of angelic and of tiglic acids by Zn and H SO^ It 
IS probably CH, CH CPI(CH,) CO H (Schmidt, 
B 12, 252) Angelic acid changes when long 
hept, or when treated with AgNO,, into tiglio 
Bcid, and hence the two acids have probably the 
same carbon skeleton The hydnodide of angelic 
acid IS, however, different from that of tiglic 
acid, CH, CH2 CI(CH3) CO H This would be ex 
plained by assigning to angelic acid the formula 
CH2 CH CH(CH,) C/) II, its compound with HI 
being CH, CHI CH(CH,) CO H The latter lodo 
valeric acid is not CH^I CH CH{CH,) CO H for 
it gives no lactone on neutralisation with Na CO „ 
but butylene CH, CH CH CH, (Fittig A 21(), 
161) An alternative formula CH CFt CO H, 
would form with HI either CH I CHFt CO H or, 
more probably, CH, CIEt CO H , sodium car 
bonate would convert the latter into an oxj acid, 
01 back into angelic acid, while the former would 
give the butylene CH CH CH CH^ 

ANGELICO BENZOIC OXIDE C, H, 0, t c 
C JI 0 0 Bz From potassium angelate and BzCl 
(Chiozza, A 86, 260) Oil 

ANGELICO LACTONES C^HA B acetyl 
propionic (levulic) acid splits up on distillation 
into H O and a mixture of these lactones tiansi 
tion compounds being doubtless the two iso 
meric oxv acids CH, C(OHj CH CH CO^H and 
CH. C(OH) CH CH CO H They are dried o\er 
K2CO3 and sepal ated by fi actional distillation 
(Wolff, A 229, 249, H 20,425) The (a) lactone 
18 converted into the (B) modification by com 
bining it with HCl and distilling the product 
Both lactones combine with bromine, and both 
are changed to B acetyl propionic acid by boiling 
with water or by treatment with cold aqueous 
bar;yta This reaction is easil) explained, for 
the oxy acids CH, C(OH) CH CH^ CO^H and 
CH C(OH)CH CH^CO^H into which the lac 
tones should be converted, would both change (by 
Erlenmeyer’s rule) into CH3 CO CH2 CH, CO2H 
(a) Angelico lactone CH, C CH CH, CO 0 

[18°] (168°) V D 3 6 S 6 at 16° Is also formed 
by the action of water on the bromide of 
B bromo B acetyl propionic acid Colourless 
neutral liquid, gradually turns yellow It has a 
pleasant odour and bitter taste At 0° it solidi 
hes to white needles which are not hygroscopic 
and are volatile The lactone dissolves in most 
IS ol vents It is separated by K 2 CO 3 from its 
aqueous solution If left a few hours with cold 
water the hquid becomes acid 

Beactions — 1 NH, converts it mto B acetyl 
propion-amide — 2 Combines with bromine m 
CSj forming the lactone of di bromo oxy valeric 
acid (3 V ) — 3 Combmes with HCl forming the 
lactone of chloro oxy valeno acid {q v ) 

(ByAngelico lactone CHj C CHj CHj CO 0 

(209°) at 760 mm (84°) at 26 mm 8 0^11084 
Colourless neutral liquid It does not sohdify at 
— 16° It 18 partly converted mto its (a) isomer 


ide every time it is distilled under atmospheric 
pressure Miscible with water, has a pleasant 
odour May be left for 4 hours with cold water 
without production of an acid 

Reactions —1 Boiled with water it is very 
slowly converted into levulic acid — 2 Combines 
with bromme in CS, — 3 Does not combine with 
HCl 

ANGEL YL The radicle CsH^O Also ap- 
plied by Hofmann to monovalent Pentenyl 
(3 V ) 

ANGIJSTURA OIL C.sHj.O (266°) SG 
93 Obtained by distilling true Angustura 
hfurV {Cusparia fehnfuga) with steam (Herzog, J 
1858, 444) The bark contains also cusparine 
and gasipeine (3 v ) 

iUSTHYDRIDES — Oxides which react with 
water to form acids (3 v), or are obtained from 
aculs by withdrawing water, or which react 
with basic oxides to produce salts e g 

SO3 + H.0 = H SO, , 2HN03-H20-*NA» 

SO, + BaO = BaSO, , Cr03 + Ba0 = BaCr04 
Solutions of anhydrides in ether or other liquid 
quite free from water do not exhibit an acid 
reaction towards htmus The greater number 
of the oxides of non metals are anhydrides , the 
metallic oxides which belong to this class aie 
usually those containing the greatest quantity 
of oxygen relatively to the metal The moie 
negative the character of an element the more 
do the lower oxides of that element exhibit the 
properties of anhydrides , the most positive 
elements do not form anhydrides Metallic 
anhydrides do not, as a rule, produce acids by 
reacting with water, but most of them may be 
obtained from the corresponding li\drated oxides, 
having feebly marked acid characters, by the 
action of heat , e g Nb204, PtO, PtOj, TiO , 
bn02, &c The formation of salts from these 
anhydrides is usually accomplished by fusing 
them with more basic oxides or hydrates , e g 
Ta O5 + K O (fused) K2Ta20a , in some cases the 
metallic anhydride dissolves in strong aqueous 
potash or soda to form a salt , e g 
AU2O3 + 2KOHAq = K2Au20,Aq + H 0 A defi 
mte CQnnexion can be traced between the posi 
tion of an element in the claasificatory scheme 
founded on the periodic law and the existence 
or non existence of anhydrides containing that 
element (v Oxides, also Ciassificatiok , and 
Periodic Law) 

As a broad rule the anhydrides of the poly- 
basic acids may be obtamed from these acids by 
the action of heat (the anhydrides are usually 
the final products, before they are reached new 
acids are produced), but this rule has excep- 
tions , e 3 , PjOj cannot be obtamed by heatmg 
H 3 PO 4 The anhydrides of monobasic acids aie 
usually obtained indirectly, often by the action 
of an acid chloride on a salt, e g ClCl + HgCiO « 
HgCl + CljO (this method is largely used m pre- 
parmg organic anhydrides, v next article ) , these 
anhydrides are sometimes obtained from their 
acids by -withdrawing water by the action of 
dehydrating agents, eg 2HNO, + P^O^^ 
N 2 O 5 + PjOjHjO A few anhydrides are produced 
by heating salts of the correspondmg acids , e^ 
FeSO^ when heated m air forms Fe^SaO, and 
this on further heatmg gives Fep, and 2 SO, 

Besides their characteristic reactions with 
water and basic oxides, man^ anhydrides combine 
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with normal salts to produce ‘acid* salts 
(n Salts) , e g K^Cr 04 + CrO, =« 

KgWO^ + WOg-K^WzO, Many of the non 
metallic anhydrides combine with their own or 
other acids to form new acids , e g the follow 
mg compounds are thus produced, (HN 0 a) 2 N 205 , 
H 2 SO 4 SO 8 . HCISO 3 , HSO NO,, &c A few an 
hydrides react with basic oxides to form salts not 
of their own but of other acids , e g , N 2 O reacts 
withNajOjAq to produce NaNOoAq (not NaNO) , 
such anhydrides seem to be obtainable, indirectly, 
from more than one acid, thus N^ is got by 
heating HNOAq or by heating solid NH^NO, 
Most anhydrides may be regarded as con 
stituted of two or more acid radicles united by 
oxygen atoms , on this view such formula) as 
these would be applicable — NO 2 O O^N , Cl O Cl, 
&o The mutual relations between acids and 
anhydrides are repeated to a great extent in the 
relations of basic hydrates, or hydroxides, to 
their oxides , e g Fe 0 «He when heated yields 
SHjO and Fe^O, , CaO when added to H/) 
produces CaO^Hj, Ac 

At one time the name anhydride included 
both base producing and acid producing oxides , 
then the former class was distinguished as 
basic anhydrides , but now the name is almost 
universally employed with the meanings gi\en 
to it in this article The following are the best 
marked anhydrides containing metals — SbO,, 
bb.O,, AsjO,, As,0,» {?Bi,0,), CrO,, {?DiOJ, 
AU 2 O 5 , Ir 20 ,, PbOg, MnO^, MoO,, Nb 0, , 
OSO 4 , PtO, PtOj , TaPs , SnO, bnO^ , TiO^ , 
WO,, UO,. V 2 O 4 , VA. 2 :r 02 The sulphides, 
or hydrosulphides, of certain elements react \Mth 
the anhydndes of thio acids , eg As dissolves 
in KHSAq to form KAsSAq* but the acid coire 
spending to this thio arsenite is unknown, again, 
WS, dissolves in KHSAq to form K\\b^Aq, 
which reacts as the potassium salt of thio 
tungstic acid (HjWSJ, which acid has not itself 
been prepared The thin acid corresponding to 
the thio anhydride SnSj, viz H^bnb,, has been 
prepared , CS^ again is the thio anhydride of 
thio carbonic acid H^CS, It is not, however, 
customary to apply the term anhydride to any 
sulphides even when an acid, or a series of 
salts, can be obtained from them M M P M 
ANHYDRIDES, ORGANIC -The anhydride 
of an organic substance is a body derived from 
it by elimination of water The water may be 
derived from one molecule, or several molecules 
may become united in the process , in the latter 
case ‘condensation’ is said to take place— a 
term which is also used when closed chains are 
produced A molecule of water may be derived 
A From two carboxyls 
B From one carboxyl and one hydroxyl 
C From two hydroxyls 
D From one hydrogen and one hydroxyk 
E From carboxyl and amidogen 
F From carbonyl and amidogen 
G From hydroxyl and amidogen 

A Fbom two Carboxyls. 

Acid Anhydrides. 

Formation — 1 On application of heat most 
monocarboxylic acids distil undecomposed, while 
di carboxylic acids m which the carboxyls are 
attached to adjacent atoms of carbon give 
aubydridesj e g. 


- C A<cC>0 + When the 

carboxyls are attached to the same atom of 
carbon, COj is split off 

CH, CH(C02H)2 = CH, CH 2 CO 2 H + CO 2 . 

2 Anhydrides of monobasic acids are got 
by the action of acid chlorides on alkaline salts 
((jrerhardt, A Ch [3] 37, 285) Mixed anhy- 
drides of monobasic acids may be got m the 
same way Instead of the alkaline salt the free 
acid may be used (Lmnemann, A 161, 169) 
An acid heated with its chloride gives its anhy 
dride in the following cases amongst others 
acetic, trichloro acetic, butyric, benzoic, and suc- 
cinic acids Acetjl chloride heated with dibasic 
acids gives anhj dudes of the dibasic acid in the 
following cases amongst others (a mixed anhy 
dride is perhaps first formed) succinic, chloio 
succinic, bromo succinic, maleic, acetyl malic, 
diacetyl tartaric, diacetyl racemic, citracomc, ita 
conic, camphoric jihthalic and diphenic acids 
These anhydrides of dibasic acids readilv absorb 
water from the air forming the corresponding 
livdrates, from which, however, they may be 
separated b;y chloroform which dissolves the an- 
hydiides only Benzo}! chloride acts like acetyl 
chloride In neither case are mixed anhydrides 
foimed 

Acetic anhydride at 120°-150° also converts 
dibasic acids into their anhydrides, eg 
succinic camphoric, phthalic, and diphemc acids 
(Anschutz, A 226, 12) 

3 Anhydrides are also formed by the action 
of lead nitrate on acid chlorides (Lachowicz, B 
17, 1281), eg 

2 AcCl + Pb(NO ,)2 = Ac 0 + PbCls + N.Oj 

4 By passing phosgene over heated salts 
(Hentschel, B 17, 1285) 

2 NaO \c + COCI 2 = Ac 0 + 2NaCl + CO, 

5 By warming the chlorides of the acids 
with dry oxalic acid, eg 2Ph COCl + H =* 
(Ph 00)^0 + 2HC1 + CO 2 + CO (Anschutz, A 220, 
14) 

Reactions — 1 Simple anhydrides may 
usually be distilled or sublimed, but mixed 
anhydrides such as BzOAc are split up by heat 
into two simple ones 2 Bz 0 Ac = Bz 20 + AC 2 O — 

2 They are insoluble in water, but slowly con 
verted by it into the corresponding acid , a con 
version that is more rapidly effected by alkalis — 

3 A Icolwl forms ethyl ethers of the corresponding 
acids — 4 Ammonia forms an amide and an am 
monium salt ACjO + 2 NH 3 = AcNHj + ACONH 4 , 
or, in the case of anhydrides of dicarboxyhc acids, 
an amic acid — 5 Sodium amaZ^nm reduces them 
to aldehydes and alcohols (Lmnemann, A 148, 
249) — 6 PCI,, forms POCl, and acid chlorides — 
7 Heated with NaOAo in sealed tubes at 200® 
some anhydridea yield ketones (Perkin, C J 
49, 825) 

CH, C02Na + (CH8C0)20 - 
CH 3 CO CH, + CO 2 + CH, CO 
CH, COaNa + (C8H,C0),0 = 

C,H, CO CH, + CO, + C H, C02Na 
Intermediate addition products, such as 
CH, C(0 CO C,H,)yONa, are perhaps the cause 
of this reaction 

B Fbom Hydboxyl and GabdoxtZi. 

This 18 the ordinary process of etherification ; 
EtOH + CH, CO 2 H = H 2 O + CH, CO OEL 
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Wljen hydrox/1 and carboxyl are both present 
in the same molecule, spontaneous ethentioa 
Uou may take place, the reaction taking place 
between two molecules, as in the formation of 

lactide, 0<CoO CHMe^^’ lactic acid 

HO CHMe COjH or by splitting off water from 
one molecule, e g 

CH3 CH(OH) CH^ CH, CO2H- 
CH3 CH CH2 CH2 CO 0 
! ( 

In the latter case the alcoholic part of the mole 
cule etherifips the acid part, and the product is 
called a lactone (v Lactones) Hydroxyl in the 
y and 5 positions gives rise to lactones 

C From two Hydroxyls 
The elimination of water between two 
hydroxyls in different molecules produces an 
oxide or simple ether The result is brought 
about by first forming an intermediate com 
pound, e q 

I tOH + H SO, = EtO SO,H + H O 
EtO SO,H + EtOH = EtOEt + H SO, [v Ethet) 
When two hydroxyls are attached to one atom 
of carbon they usually split off water spon 
taneously, producing carbonyl 

Two hydioxyls attached to contiguous atoms 
of carbon may give rise to an oxide or internal 
ether, an intermediate body being first prepared, 

^HOCH CHOH + HCUCICH CHOH + HO 
Cl CH, CH,OH + KHO = CH, CH, + KCl + H^O 

V 

0 

D From one Hydrogen and one Hydroxyl 
Water can be eliminated by the union of 
hydroxyl with hydrogen when they are attached 
to adjacent atoms of carbon This readily 
occurs with iS oxy acids, e g 

CH,(OH) CH. CO,H = H 0 4 CH CH CO,H. 
C,H CH(OH)CH COH = 

H,0 + CeH, CH CH CO,H 

E From Carboxyl and Amidogen 
Water can be formed either from the hy 
droxyl and hydrogen, e g 

>CO 

or from the oxygen of the carbonyl and hydrogen 
= H,0 + OH 

Compounds resulting from the first mode of 
dehydration are called lactams, those resulting 
fiom the second mode of dehydration bemg 
termed lactims 

It IS very difficult to say which formula best 
represents a given compound , Baeyer considers 
that the arrangement represented by the lactim 
the more stable, but that before undergoing 
chemical reactions it usually changes to the 
transition or labile condition represented by the 
lactam The prefix pseudo is frequently applied 
to distinguish a lactam from a lactim In the 
aiomatic series the elimination of water takes 
place spontaneously when the two side chains 
are in the ortho position, and when the condensa- 
tion can produce a ring, containing 6 or 6 atoms. 

Thus 


condenses to CaH4<^^ ^ OH while 

0«H4<^^g2 CH, CH, CO,H produce an 

anhydride 

F From Carbonyl and Amidogen 
The case in which carbonyl forms part of 
carboxvl has already been mentioned 

Mono alkoyl 0 diamines and 0 amido alkoyl 
phenols exlnbit a tendency to split off water and 
form Anhydro compounds, e g 

+ C,H,<N®>C CH. 

+ O.H.<;®>C C A 

(Hubner, i 208,278, 209,339, 210,328) The 
first class of compounds may be viewed as 
amidmes These anhydro compounds are formed 
(1) From aromatic alkoylamides or alkyl phenols 
hy nitration and reduction with tin and glacial 
acetic acid (2) From [1 2] amido (or oxy) 
nitro compounds by heating with acid chlorides 
or anhydrides, and reducing the product (3) 
From 0 diamines or 0 amido phenols by heating 
with acid chlorides or anhydrides 

G From Hydroxyl and Amidogen 
Alkyls can be introduced into amidogen by 
heating an amine with an alcohol or phenol, 
especially in presence of dehydrating agents 
thus aniline boiled with (3) naphthol gives 
phenyl (3) naphthylamine 

ANHYBKO-ACET DI-AMIDO-BENZENE v 
Ethenyl phenylene-dumine 

ANHYDEO - ACET - DI - AMIDO - BENZOIC 
ACID V Ethenyl di amido benzoic acid 
ANHYDRO-ACETYL v Ethenyl 
ANHYDEO-DI-ACETYL-ACETAMIDIL 9 
Acetamidine 

ANHYDEO-DI-ACETYL-ACETAMIDINE V 

Acetamidine 

ANHYDRO - 0 - AMIDO - PHENOL - ACETO - 

ACETIC ETHER v Propenyl 0 amido phenol « 
carboxylic ether 

ANHYDRO - AMIDO - PHENOXY - ACETIC 

ACID V Glycoilic acid 

ANHYDRO AMIDO TOLYL OXAMIO ACID 

V Hi OXY METHY LQUINOXALINE 

AN HYDRO-ATROPINE v Atropyl tropein 
ANHYDRO-BENZ v Bfnzenyl 
ANHYDRO BENZ DIAMIDO BENZENE v 
Benzenyl phenylene diamine 

ANHYDRO BENZ DIAMIDO TOLUENE ti. 
Benzenyl tolylene diamine 

ANHYDRO BENZ DI AMIDO TOLUIC ACID 

V Benzenyl phenylene diamine carboxylic acid 

ANHYDRO BENZOYL v Benzenyl , or 
named as derivatives of benzamidine 

ANHYDRO - BENZOYL AMIDO DI - TOLYL- 
AMINE V Benzenyl tolyl tolylene duminb 
ANHYDRO CHLORO - FORMYL AMIDO - 
PHENYL MERCAPTAN v Chloro methbkyl- 

AMIDO PHENYL MERCAPTAN 

ANHYDRO CINNAMOYL v Cinnamentl- 
ANHYDRO TRI ETHYL SULPHAMIC ACID 

V Trt Ethyl amine 

ANHYDRO-FORMYL- v Methentl- or 
named as derivatives of formamidine 

ANHYDRO GLYCOLYIr v Oiy-bthkntl 
ANHYDRO-LXTPININK r Lupininb 
ANHYDRO-NAPHTHOL SULPHONIC ACID 
ff Naphthol sulphonio acid. 
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ANnYBRO-OXALYL-AMIDO-PHENYL MERCAPTAN 


AUHTLRO - OXALYL - AMIDO - PHEmfL 
MERCAPTAN t e 

C<H,<Q^O-~C<g>C,H, [about 300°] 

Formation — 1 By heating amido phenyl 
mercaptan with oxalic acid and PCI, — 2 By the 
action of the cliloro methenyl amido phenyl 
mercaptan on methenyl amido phenyl mer 
captan — 3 By heating chloro methenyl 

amido phenyl mei captan with zinc — 4 By the 
action of acetyl chloride or benzoyl chloride at 
150^ on methenyl amido phenyl mercaptan 
Frevaraiion — 1 By heating acetanilide (5 
pts ) with sulphur (3 pts ) to boiling for JO 
hours , yield 25 to 30 p c —2 By leading (CN), 
gas mto an alcohohc solution of amido phenyl 
mercaptan 

Properties — Sublimable Colourless glisten 
ing plates Nearly insoluble m all solvents , 
dissolves best m toluene Bitter taste 

Reactions — Ly fusing with KOH at 200° it 
18 readily split up into amido phenyl mercaptan 
and oxalic acid On reduction with HI and P at 
150° it gives aniline and ethenyl amido phenjl 
mercaptan (Hofmann, B 1-J 122()) 

ANHYDRO - OXALYL - DI - PHENYLENE 
TETRA-AMINE C„H,„N, z e 

From 

o di nitro oxanilide, Sn, and glacial HO Ac (Hub 
ner, A 209,370) lellow needles , insol water, 
CS^, and light petroleum, ra sol glacial HO Ac, 
b 1 sol alcohol, ether and benzene 

Salts — B"2HC12aq — B"H SO,2aq 
ANHYDRO OXALYL DI TOLYLENE TETRA. 
AMINE 

C,H,(CH.)<^jj>C-C<^jj>C.H3(CH3) 

[193° ?] Formed by heating oxalyl di tolylene 
diamine to above 200° (Hmsbeig, jP lo, 2091) 
Or from di mtro di tolyl oxamide, Sn, and HCl 
(Hubner, A 209, 373) 

Salts — B"H2Cl2 — B"(AcOH )2 glistening 

plates — B" H2SO4 4aq needles 

ANHYDRO-PHENYL-ACETyL- t? Phenyl 

BTHENYL 

ANHYDRO - PHTHALYL - AMIDO-PHEN YL 
MERCAPTAN i e 

CA<s>C-C,H,-C<|>C.H, [112"] 

Prisms or needles Insol water, sol alcohol 
Weak base Prepared by heating amido 
phenyl mercaptan hydrochloride with phthalyl 
chloride Salts — B'HCl decomposed by 
water (B'HCl)2PtCl4 slender needles (Hof 
mann, B 13, 1233) 

ANHYDRO-PROPIONYL v Propentl 
ANHYDRO PYROGALLO KETONE v Hexa- 

OXY BENZOPHENONK 

ANHYDRO SALICYL v Oxy bentenyl 
ANHYDRO - SUCCINYL - AMIDO - PHENYL 
MERCAPTAN 

C.H,<^^CCH3CH3C<^>C.H, [137"] 

Prepared by the action of succmamide on amido 
phenyl mercaptan Colourless needles Dis 
solves m acids forming unstable salts Very 
stable towards reducing agents By fusing 
with KOH amido phenyl mercaptan is repro 
duoed Salts — B'HCl yellow needles, de 
composed by water --(B'HCl)/'tCl4 spaiingly 


solnble spangles — B'HCl AuCl, yellow needleg 
(Hofmann, B 13, 1231) 

ANHYDRO STTLPHAMIDO- v Sulpho 
ANHYDRO TOLUYL DI AMIDO BENZENE 

t? ToLUENTL PHENYLENE DIAMINE 

ANHYDRO TOLUYL DIAMIDO TOLDENE v 

ToLUFNYL tolylene DIAMINE 

ANHYDRO VALERYL- v Pentenyl- 

ANIL- V Phenyl imido- 

ANIL ACETOACETIC ACID v p 19, 

Reaction 18 

ANIL BENZYL MALONIC ETHER C oH (NO^ 

1 e C,H, N C(C„H,) CH(CO Et)2 [75°] Formed 
by the action of exo chloro benz^lidene aniline 
C„H, CCl NPh upon sodio malonic ether (Just, 
B 18, 2b24) Large crystals , V sol alcohol and 
ether, insol water It contains a hydrogen atom 
readily displaceable bv soJium Heated with 
dilute HCl at 120° it is split up into acetophe 
none, aniline ethjl chloride, and CO By heat 
ing alone to about 150° it eliminates alcohol and 
IS oonveited mto {By 13 2) oxj phenyl quino- 
line carboxylic ether 

^^yC{OU)CCO Et 

® '\n CPh 

Di anil benzyl malomc ether C^HgpNjO^ i e 
(PhN CPh) C(CO Et) Formed by the action of 
exo chloro ben/ylidene aniline upon the sodium 
compound of mono anil ben/yl malonic ether (J ) 
Plates By heating with dilute HCl or H feO^ at 
120° it IS split up into benzoic acid, aniline, 
acetic acid, ethyl chloride, and CO 

ANILIDES —Substances derived from acids 
by displacement of the hydrox}] by phen;yl ami 
dogen (NHPh) They are usually described 
under the acids to which they belong The term 
anilide may also be applied more generally to 
phenyl amides and phenyl imides 
Anilides of acids 

Formation — 1 From aniline and acid chlor 
ides C ACOCl + NPhH2 = HCl + C«H,CO NPhH 

2 By boiling amides with the equivalent quantity 
of aniline until no more NH, comes off, and 
puiifying by washing with ether (Kelbe, B IG, 
1199) X CO NH + NPhH, = X CO NPhH + NH^ 
8 In some cases, e q formic and acetic acids, 
anilides are formed by simply heating aniline 
with the dry acid (c/ Tobias, B 15, 2806) — 

4 By action of aniline upon compound ethers — • 

5 By the action of aniline on acid anhydrides 
Properties — Solid crystalline substances, v 

si sol water 

Reactions — Split up mto acid and aniline by 
boiling aqueous or alcoholic KOH, by heating 
with HCl in a sealed tube, or by heating with 
cone H^SO^ at 100° 

Anilides of phosphorous acid 
Trz anzZzde P(NHPh)3 V Aniline, rmcf 29 
Di anilide P(NHPh)2(OH) Prepared by 
heating a mixture of aniline (3 pts ) and PCI3 
(1 pt ), extracting with ether and ppg with water 
(Jackson a Menke, Am 6, 89) White 
amorphous mass , sol alcohol and ether 
Anihdes of phosphoric aoid 
Tr% anilide PO(NHPh), [208°J Fiom 
axulme and POCI3 (Schiff, A 101, 302 , Michaelis 
a Soden, A 229, 335) Thin needles or six sided 
trimetno plates (from alcohol) Insol water, 
aqueous acids, or alkalis Forms a hexa bromo 
derivative, [253°J 
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Di amUdt PO(OH)(lSrHPh), ri97®l 
From aniline (2 pts ) and POCl, (1 pt ), the pro- 
duct bemg treated with water (M a S ) Insol 
water Saponified by water or acids, not by 
alkalis 

Anilide of thio-phosphono acid PS(NHPh), 
[78°] From PSClj and anilme (Chevrier, Z 
1858, 639) Insol water 

Anilide of arsenic acid AsO(OH) (NHPh) 
Formed by heating anilme arsenate (B6ohamp, 
C B, 66, 1172) 

Anilide of boric acid B 03NPhH2(?) From 
ethyl borate and aniline Decomposed by water 
(Schiff, A Suppl 6, 209) 

ANILIDO- V Phenyl amido 

ANILINE ChH^N te ChH^NH. Phenyl 
amine Mol w 93 [ — 8°] (Lucius, B 5, 154) 

(186° cor ) {Private communication from B J 
Friswell) , (183 7°) (Thorpe, G J 87, 221) S G 
5 1 0379 (T) 10216 (Briihl) , {’^ 10212 

(Friswell) CE (0°-10°) 000865, (0°-100°) 

000925 (T) (14° 25°) 000818 (F ) HFp 

— 17450 (Thomsen), 2747 (Ramsay) HFv 

- 19190 (Ih) M>9lG043 (B) Boo 40 88 (B) 
S V 106 87 (T ) , 106 08 (B Schiff, B 19, obb) , 
109 1 (Ramsay) Vapour pressure Bamsav a 
Young (C J 47,617, 555) S 5 at about 16° , 
the S G of the satuiated aqueous solution is 

1 0023 , 1 001 100 pts of a solution of 

AA atcr in aniline at 8° contain 4 5 pts water 
(W Alexejeff, B 10, 709) Aniline saturated 
with water has S G ^ 1 025 (Friswell) 

Formation — 1 Discovered by Unverdorben 
(P 8, 897) among the products of distillation of 
indigo, and called by him crystalline — 2 Be 
discovered in coal tar by Bunge (P 31, 65, 613 , 
32, 331) and called by him cyanol — 3 Obtained 
by distilling indigo (from Indiqofcra ‘ Ami ’) 
with potash (Fritzsche, J pr 20,451, 27,153, 
28, 202) and then first called aniline — 4 Ob 
tamed from nitro benzene by reducing with 
ammonium sulphide by Zinin {J pr 27, 149 , 
36, 98) and called by him henzidam Also 
obtained by reducing nitio benzene with other 
agents eg Zn and HCl (Hofmann, A 65, 
200), ferrous acetate (Bichamp, A Ch [3J 42, 
186), aqueous As 0, and NaOH (Wohler, A 102, 
127), zinc dust and water (Ivremer, J pr 90, 
255) —6 In Dippel’s animal oil (\ndei8on, .4 
70, 82) — 6 By dry distillation of amido benzoic 
acids (Hofmann a Muspratt, A 53, 221) — 
7 By distilling isatm with potash (Hofmann, 
A 53, 11) — 8 Fromdi phenyl urea or di phenyl 
thio uiea by action of P^O„ zinc chloride, 
or HCl (Hofmann, Pr 9, 274) CO(NPhH)2 = 
KPhHj + CONPh — 9 Among products of dis 
filiation of peat (Vohl, J Fh [3] 86, 319) — 

10 By heating potassium benzene sulphonate 
with sodamide (Jackson a Wing, B 19, 902) — 

11 By the action of Br in alkaline solution upon 
benzamide (Hofmann, B 18, 2787) — 12 From 
phenol, and NHa — (a) Together with diphenyl- 
amine by heating phenol with zinc chloride- 
ammoma, Zn(NH3) Clj, at 300° to 850° The 
addition of NH^Cl diminishes the quantity of 
diphenylamine and improves the yield of anilme 
The best yields (c 55 p c anilme and 15 p o 
diphenylamine) are obtained by heating 1 pt of 
phenol with 4 pts Zn(NHg)20l2 and 4 pts NH^Cl 
under pressure at 330°-340° for 20 hours — (6) 
Together with diphenylamine by heating phenol 


with a mixture of NH4CI and ZnO , also in thii 
case an excess of NH^Cl diminishes the quantit;^ 
of secondary amine formed The best yields 
(c 65 po aniline and 20 pc diphenylamine) 
are obtained by heating 2 pts phenol with 
2 pts ZnO and 8 pts NH^Cl at c 330° for 
20 hours under pressure — (c) About the same 
results are obtained by substituting Zn(NH8)2Br2 
NH^Br for the chlorides in (a) and (b) — 
(d) Together with diphenylamine by heatmg 
phenol with NH^Cl and MgO A yield of 
46 p c aniline and 20 p 0 diphenylamine was 
obtained by heatmg 20 pts phenol with 8 8 pts 
MgO and 24 pts NH4CI for 40 hrs at 340’- 
360° — (e) Small quantities of anilme and diphe- 
nylamme (c 4 p c anilme and 15 p c diphenyl 
amine) are formed by heating phenol (1 pt ) with 
NH4CI (2 pts ) alone, at 870°-400° (Merz a 
Muller, B 19, 2901) — 13 Diphenylamine heated 
with cone HCl at 320° yields small quantities of 
aniline and phenol 

Preparation — By reducing nitro benzene 
with iron filings in presence of a small quantity 
of hydrochloric or acetic acid 

4PhNO + 4H O + 9Fe = 4PhNH2 + 
Nitiobenzene (100 pts), water (40 pts), iron 
borings (26 pts ) and HClAq (9 pts ) are mixed 
in a cast iron \essel and the reaction started by 
admission of steam , moie iron borings (90 pts ) 
are then slowly added When the reduction is 
complete, lime is added, and the aniline (67 pts ) 
distilled over with steam Pure anilme is best 
prepared from pure benzene Aniline may be 
purified by conversion into its acetyl derivative, 
recrystallising this from water, and saponifying 
it with alkalis or acids Anilme phosphate is 
less readily soluble in water than 0 toluidine 
phosphate (Lewy, C J 46, 46) 

Properties — Colourless oil , si sol water, 
miscible with most other menstrua Turns red 
m air Soluble m aqueous solutions of aniline 
hydrochloride Its aqueous solution does not 
change the colour of red litmus or yellow tor 
meric but it changes the violet colour of dahlia 
to green Congo red may also be used as an 
indicator (Julius, S C I 9, 109) Aniline pps. 
ferrous, ferric, aluminium, and zinc, hydrates 
from their salts , it foims double salts with 
PtCl4, AuCl,, HgCl , bbCl,, and SnCl^ It gives a 
brownish pp with tannin It coagulates al- 
bumen Potash, soda, and lime expel anilme 
from its salts NH, is expelled when aqueous 
ammonium salts are boiled with aniline, but 
aniline is liberated when NHg is added to co^d 
aqueous solutions of its salts 

Detection —1 Very dilute aqueous solutions 
give a violet colour with bleaching powder , the 
colour IS destroyed by shaking with ether (Bunge) 

2 Extremely dilute aqueous solutions treated 
successively with bleaching powder and a drop 
of ammonium sulphide give a rose colour (Jao 
quemm, Bl [2] 20, 68) —3 A solution of aniline 
in cone H2SO4 mixed with a little solid K^CrjO, 
gives after some time a splendid blue colour, 
the reaction is hastened by gently warming 
(Beissenhirz, A 87, 376) — 4 If a drop of 
CuSO^Aq IB added to an aqueous solution of 
aniline an apple green crystallme pp is formed 
even if the solution is very dilute , m extremely 
dilute solutions a green coloration is produoed 
(Friswell) 
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Reactions — 1 Aniline vaponi pa<?«?ed through 
ft red hot tube forms C, NH, HCN, benzene, 
benzonitnle (Hofmann, Pr 12 883), carbazol 
(G-raebe, A 167, 125) iso benzidine {v di amido 
diphenyl), and quinoline (Bernthsen, 5 19,420) 

2 Electric sparks passed through liquid 
aniline form carbon, and a gas containing 
hydrogen (65 pc), acetylene (21 pc), prussic 
acid (9 p c ), and nitrogen (5 p c ) (Destrem, C B 
99 138) 

’ a Dilute H SO< and MnOj form 
(Matthiessen, Pr 9, 637), and a little qumone 
(Hofmann, Pr 13, 4) 

4 Chiomic acid, CrOg sets fire to aniline 

5 Chromic acid mixture produces qumone 

6 Potasnum chlorate and hydrochloric 
acid give tetiachloroquinone (chloranil) and 
trichlorophenol (Hofmann A 47, 67 , 53, 28) 

7 Potassium pei'inanqanate gives some azo 
benzene (Glaser, A 142, 364), NH„ and oxalic 
acid (Hoogewerff a Dorp, D 10,1936,11 1202) 

8 Hydrogen peroxide also produces azo 
benzene (Leeds, P 14, 1384) , which is also 
formed by passing aniline \apour over heated 
PbO (Behra Dorp, B 6, 755) 

9 Potassium permanganate in acid solution 
forms aniline black 

10 Stiong nitric acid violently attacks 
aniline, picric acid is among the products 
Aniline nitrate dissolved in a large quantity of 
H SO^ produces m nitio aniline and a small 
quantity of p nitro aniline (Levinstein, B 18, 
Bef 203) 

11 A mixture of aniline, o tohiidin’’, andp 
toluidme, is converted by oxidising agents such 
as nitric acidy mercuric chloiidc, lead nitrate^ 
silver nitrate, arsenic acid, and stannic chloride 
into aniline red {v Rosanilinl.) 

12 Nitrous acid converts cold aqueous salts 1 
of aniline into salts of diazo benzene (v Di azo 
compounds) , on boiling the solution nitrogen is 
evolved and phenol formed Nitions acid passed 
into a cold alcoholic solution of aniline produces 
-fliazo benzene anilide 

13 When aniline is boiled with sulphur H S 
is evolved anddi amido di phenol sulphide (thio 
ftniline) is formed togetliei with other products 
of substitution of hydiogen by sulphur (Merz a 
Weith,B 3,978) 

14 Potassium produces NHg and azobenzene 
(Giraid a Caventou, Hi [2] 28, 630) 

16 Chlorine acts upon dry aniline with great 
violence, producing a black mass containing tri 
chloro aniline 

16 behaves like chlorine Bromine 

water added to solutions of salts of aniline gives 
a pp of tri bromo aniline C^H^rgNHj [2 4 6 1] 
Bromine has no action on a solution of aniline 
in cone (Morley, C J 51, 582) 

17 Iodine dissolves m aniline forming 
hydnodide of p lodo aniline 

18 Hot cone sulphuric acid forms p amido 
benzene sulphonic acid , hot fuming HjSO^ forms 
amido benzene disulphonio acid (Buckton a 
Hofmann, C J 9, 260) 

19 Sulphide of ca/rbon forms di-phenyl thio 
urea 

20 Sulphide of ca/rbon and ammonia pro 
dttte crystals of 0,4H,BN4SjOr (PLNH, NH 08)^8, 
decomposed by boiling water into CSj, NHj, and 


di phenyl thio urea (Hlasiwetz a Kachler, A 
Ibb, 142) 

21 Carbon tetrahromide forms diphenyl 
amido benzamidine hydrobromide 

PhNH C(NPh) NH.HBr (Bolas a Groves, 

A 160, 174) CCl^ acts similarly (Hofmann, Pr 
9, 284) 

22 Cyanogen forms a ‘ cyan aniline * 

(CflHgNHg) C Ng, [210°-220°] (Hofmann, A 66, 
129 , 73, 180 , B 3, 763) Insol water, si sol 
alcohol Boiling acids decompose it into phenyl 
oxamide, di phenyl oxamide, oxamide, aniline, 
and NH, Nitrous acid produces a base 
C„H,gNA (Senf, J pr [2] 31, 543) Salts of 
Cyananiline B"2HC1 - B"H2PtCla — 

B' 2HAuCl, — B"2HBr — B '2H1S03 

23 Chloride of sulphur diluted with CSj 
forms tn phenyl guanidin9 (di phenyl thio- 
urea being first formed, Claus a Krall, B 3, 
527 , 4, 99) 

24 Heated with persulphocyanic acid it 
gi\es phenvl thio biuiet 

25 Carbonyl chloride, COClj, gives di phenyl 
urea 

20 Gaseous cyanogen chloride tormBdi phenyl 
guanidine (meianiline) , in presence of water 
phenol urea is formed (Hofmann, A 70, 130) 
CyCl passed into an ethereal solution forms 
phenjl cyanamide (c\anamlide, Cahours a 
Cloez, C R 3S 354) Solid chloride of cyanogen 
forms ‘chlorocyananilide ’ Cj^Hj^ClN^ (Laurent, 
A 60,273) 

27 Cyanic acid forms phenyl urea 

28 When treated in ethereal solution with 
perchloromethylmercaptan CCl, SCI it yields the 
compound CCl, S NHC^Hs If the ethereal solu 
tion of the latter body is mixed with alcoholic 
KOH or NH, it splits off HCl and a crystalline 
compound separates which has the probable 
constitution CCI2 S NC^Hg, (Bathke, L 19, 395) 

I I 

29 Phosphorus trichloride acts vigorously, 

producing ‘ phosphamlme h^drochlorlde ’ 
PClg3C,H,N (Tait, ^ [2] 1 , 649) It is peihaps 
the amlide of phosphorous acid P(NrhH)^3HCl 
PtCl PCI, forms (PhNH),PPtCl2NH2PhHCl 
whence water produces (PhNH)j,PPtCl(OH) 
(Quesneville, Monit scient [3] 6, 659) 

PCl32PtCl2, alcohol, and aniline produce 
P(OEt),PtCl (C H,N)2and P2(OLt)„PtCl2(C«H,N)2 
(Cochin, C R 86, 1402) 

30 Phosphorus oxychloride produces very 
unstable anilide of phosphoric acid, PO(NPhH), 
(Schiff, A 101, 302 , Michaelis a Soden, A 229, 
835) 

31 Anilme, isobutyric acid, and ZnCl, give 
ISO butyric anilide (Bardwell, Am 7, 116) 

32 Aniline zinc chloride and isoamyl alco- 
hol give amido phenyl isopentane 

33 Chloroform at 190° forms di phenyl 
formamidme, CH(NPh)(NPhH) 

84 Chlorides, bromides, and iodides of alco 
holic or acid radicles act upon anilme as they 
do upon other primary amines {v Amines) 
Alkyls may also be introduced by heating aniline 
hydrochloride or, better, hydrobromide with alco- 
hols (8taedel a Reinhardt, B 16, 29) Methyl- 
anilme hydrochloride is converted by heat 
into toluidme hydrochloride (Hofmann, B 6, 
720) , similarly anilme hydrochloride heated 
with MeOH at 290° forms C^H^MeNMe^ 
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OAM®,NMe^ C;B[^e,NMe„ C.HMe,NMe„ and 
O^Md, (Hofmann a Martms, B 4, 742) 

85 Aldehydes act upon aniline with elinuna- 
tion of water e g 

CH, CHO + 2H2NPh = H,0 + CH, CHfNHPb), 

CHa CHO + HjNPh » HO + GHj CH NPh 
(Schiff, A Siippl 3, 844) The last formula 
ought perhaps to be witten (CH3 CH)^(NPh)^ 
(i> Methylene aniline , Ethylidene aniline , 
Chloro ethylidene aniline, &c ) Aniline acts 
similarly upon glucose, levulose, and galactose, 
forming C«H,(OH),(NPh) (SchifP, A 154, 30, 
Rorokin, B 19, 61d) 

36 Aniline sulphite gives with an ethereal so 
lution of aldehyde prisms of PhNH CjHjOSO or 
PhNH SO, CHMe OH (Schiff, A 140, 127, 210, 
129) 

37 Chloral and aqueous SO produce un 
stable crystals of PhNH, SO, CH(OH) CCl, 
(Schiff, A 210, 129) 

38 Acetone and aqueous SO« form an un 
stable compound, PhNH, C^H^O SO, which is 
perhaps Me C(OH) SO NHPh (S ) 

39 Acetone (1 mol ) and P,0^ two days at 
180° form Me,C NPh, (200°-220°) (Engler a 
Heme, B 0, 642 , cf Pauly, A 187, 222) 

40 Aniline hydrochloride heated with 
acetone or mesityl oxide at 100° forms some 
{Py 1, 3) di methyl quinoline (Engler a Riehm, 
B 18, 224.), 3290) 

41 A mixtuie of aldehyde and acetone at 
100° give {Py 1, 3) di methyl quinoane (Beyer, 
J pr [2J 3 1, 393) 

42 Paraldehyde and cone HCl at 100° form 
{Py 3) methyl quinoline (quinaldine, Doebner a 
von Miller, B lb 2404) 

43 Aniline (1 pt ) distilled with glycerin 
(1 pt ) and H SO, (2 pts ) forms quinoline 
(Konigs, B 13, 911) Quinoline is also formed 
by distilling acrolein aniline, or by heating 
aniline with glycerin, niti obenzene, and H SO, 
(Skraup, M 2, 141) Aniline zinc chloride heated 
with glycerin forms skatole (Fischer a Geiman, 
B 16,710) 

44 Aceto acetic ether at 120°-150° gives 
Bceto acetic anilide CH3 CO CH CO NPhH {cf 
Acfto acetic acid, reaction 18), [85°] SI* sol 
water and NH^Aq, v sol NaOHAq and acids 
Distilled with aniline it gives s di phenyl urea 
Boiling potash produces aniline, acetone, and 
acetic acid Fe^Clg colours its aqueous solution 
violet Br produces CHg CO CHBr CONPhH, 
[138°] Cone HgSO, forms {Py 3, 1) oxy 
methyl quinoline Nitrous acid forms 
CH, CO C(NOH) CO NPhH, [100°] (Knorr, A 
236, 75) 

45 Acetophenone cyanhydrin gives rise to 
CA CMe(NHPh)CN (Jacoby, B 19, 1515) 

46 An alcoholic solution of quinonc pro 
duces CbH (NHPh)jOj and hydroquinone The 
former dissolves in cone H,SO, forming a crim 
eon solution 

47 Tetrachloro quinone (chloranil) produces, 
similarly, C«Cl,(NHPh),02 (Hofmann, Pr 13, 4 , 
Hesse, A 114, 292 , Knapp a Schultz, A 210, 
164) 

48 Aniline mixed with an anilide and PCls 
produces a phenyl amidine e g 

SPhNHj + 8CH, CO NHPh + 2PC1, - 
BOH, C(NPh) NHPh t P,0, + 6HC1 (Hofmann, Z 
I806, 161) 

Voi^ i 


49 Aniline hydrochloride and aeetonitnl^ 
170° produce phenyl aoetamidine 
CH,CN + H,NPh » CH,C(NPh) NH^ 

60 With henzo tnchlonde, PhCCl, (1 mol ), 
aniline (2 mols ) on warming acts violently 
forming the hydrochloride of di phenyl benz 
amidine, C,H4C(NPh)(NPhH)2HCl aniline in 
glacial acetic acid, ZnCl, and PhCCl, give, 
chiefly, the same body 

61 But aniline hydiochloride (40 pts ), nitnh 
benzene (45 pts ), benzo trichloride (40 pts ), and 
iron filings at 180° form the chloride of di* 
amido tri phenyl carbinol {q v ) 

62 Aniline (2 mol ) boiled with chloro-aceUo 
acid (1 mol ) and water produces phenyl amido* 
acetic acid and phenyl imido di acetic acid, the 
aniline salt of the latter, PhN(CHi CO NH,Ph)„ 
crystallises in needles, [99°] (P Meyer, B 14, 
1325) 

63 An alcoholic solution of aniline, chloro* 
acetic acid, and ammonium sulphocyanide at 
100 ° deposits crystals of phenyl thio hydantoio 
acid NH, C(NPh) S CH CO, H, [148 -152°] This 
acid is decomposed by boiling with dilute (20 pc) 
H SO^ into phenyl urea and thio glycollic acid 
(Jaeger, J pr [2] 16, 17 , Claesson, B 14, 732 , 
Liebermann, A 207, 129) 

64 Acetamuloxim hydrochloride is converted 
by heating with aniline into acetanilidoxim, 
CH, C(NOH) NHPh, [121°] (Nordmann, B 17, 
2753) 

55 Z'tnccf/ude forms zinc anilide Zn(NHPh)„ 
which is decomposed by water into Zn(OH)2and 
aniline (Frankland, Pr 8, 504) 

Salts — (Beamer a Claike, Am 1, 151 , B 
12 1006 , Hjortdahl, Z K 0, 471) — B'HCl 
[192°] (Pinner, B 14, 1083) Needles or plates, 
v sol water and alcohol , may be sublimed — 
B' H PtClg yellow needles — B'jH SnCl, • 
monoclmic — B' H^CuCl, — B'HBr trimetno 
n6c=72M 818 — B'HCdBr, tnmetric — 
B'HI— B'HBiI, (Kraut, A 210, 323) — B'HF 
pearly scales, sol water and boiling alcohol — 
B HCIO3 long white prisms, sol ^cohol and 
ether m sol water, explodes at 75° — B'HClO, 
— B'HIO, S G 1 48 Explodes at 126°-180° 
— B'HCNHg(CN), [88°] White needles or 

tables (Claus a Merck, B 16, 2757) — 
BjH^FeCy„ small micaceous crystals, v sol 
vater, insol alcohol and ether (Eisenberg, A 
205 267) — B'^H^FeCye — B',H,CoCy, — 
B'.HPtCy, triclmic (hcholtz, M 1, 904) — 
B' H3P04 lamime, v sol water, ether, and hot 
alcohol (Nicholson, A 69, 213 , Lewy, B 19, 
1717) _ B'sH^PO^ — BHPO, — B'jH,P,0, — 
B'2H^S04 m sol water, si sol alcohol, msoL 
ether Does not form an alum with aluminium 
sulphate (Wood, C N 88, 1)— B'HSO, large 
plates, converted by water into the neutral 
sulphate (Wellington a Tollens, B 18, 8318) 
— B'.HjSjO* (Malczewsky, J R 11, 364) — 
B'«(H SOJ3HI, (Jdrgensen, J pr [2] 14, 884) 
BHNO, — Chloro acetate [88°] — JO%* 
chloro acetate [122°] — Trx-chloro^ 
acetate [145°] — Oxalate B'^HjCjO^ trt- 
clinic columns, v sol water, si sol alcohol^ 
insol ether — Phenate, B'HOPh [30°]. 
(181°) (D) (185°) (D a S ) Crystals resembling 
naphthalene (from alcohol or light petroleum) 
Pyson, C t/. 45, 466) Formed bv boiling 
equivalrat quantities phenol and amlnm 

T 
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together Dale a Schorlemmer, C J 43, 186) 
-—Phthalatet [HB®] needles — {B) Naph- 

tholate^ [82 4®] crystalline powder (from light 
petroleum) (Dyson, C J 43, -169) Other salts 
of aniline are described under the vanous acids 
Combinations — (Schiff, C R 66, 268, 1095 , 
Vohl, Ar Ph [2J 148, 201 , Leeds, J 1882, 600) 
— B',(SiF 4)2 minute needles, insol benzene or 
petroleum spirit , may be sublimed , converted 
by water or alcohol into aniline sihco 
fluoride (Jackson a Comey, B 18, 3196) — 
B'4Ag.SO, 2aq hair like crystals (Mixter, Am 
239) — . B'jZnSO^ — B'aZnCl — B'^ZnBr — 
B'jZnIj.— CdHjNH HgCl amorphous pp got by 
mixing hot alcoholic solutions of aniline and 
HgClj (Forster, A 175, 30) — B'jjHgClj needles, 
got by mixing cold alcoholic solutions of aniline 
and HgC4-B'jHgBr, [112®J (Klein, B 13, 835) 

— B'jHglj [60°] Decomposed by alcohol — 
B',Hg(NOj,)2 pp , converted by hot water into 
CJljNHHgNO, Uq and (PhN)2Hg3(NO,) 2aq 
— B'jCaClj —B'jCdCl^ —B'^CdBr^ - B'^Cdl^ — 
B',Cd(NO,)2 -B'.TiCl^ — B'gSnIj — B',SbCl, — 
B'^UrOaCL, — B'jMnClj — B'^MnEr, — B'^Mnl^ — 
B'jFeC^-B'jSnCl^-B'jAsCl, [c 90°] (c 208°) 

— B'jSbCl, [80°] —B',BiCl, — B'BiOCl — 

B'aCoClj 2EtOH red leaflets, prepared by adding 
aniline (2 mols ) to an alcoholic solution of 
CoClj (1 mol ) , at 100° it becomes blue B'^CoCl^ 
(Lippmann a Vortmann, B 12, 79) — 

B'jNiCli 2EtOH small green needles, similarly 
prepared, at 100° it becomes yellowish green 
B'jNiCl, (L a V ) — B'^CuClj (Destrem, Bl 30, 
482) — B'jCuSO^ — B'jPtClj (Gordon, B 3, 176 , 
Cochin, Bl 31, 499) — ISTtCl^C^H^HCl — 
BTtCljCjH* (Griess a Martius, A 120, 326) 

Acetyl dertvative CgH^NO le 
C^^NH CjHjO Acetanilide Mol w 135 
[114°] (295°) S 34 at 14° , 6 69 at 102 6° 

(Friswell, private com ) V D 4 8 (calc 4 7) 
Formation — 1 From aniline and AcCl 
(Gerhardt, A 87, 164) — 2 By boiling aniline 
with glacial acetic acid (Greville Williams, C J 
17, 106 , V also Chemical Change) — 3 By heating 
anihne with acetamide (Kelbe, B 16, 1199) — 4 
From acetophenone oxim and H2SO4 at 100° 
(Beckmann, B 20, 1607) 

Properties — Lammas (from water) , v sol 
alcohol, ether, and benzene A saturated 
aqueous solution boils at 102 6° (Friswell) 

Reactions — 1 Passed through a red hot 
tube it forms di phenyl urea, aniline, benzene, 
andCNH (Nietzki, B 10,476) -2 ZnCl^at 260° 
gives flavamline C,4Hi4Nj — 3 PClj forms 
CH, CCL^NHPh which readily sphts up into HCl 
and CH, CCl NPh The latter is converted by 
water into HCl and acetamhde, and by aniline 
into di phenyl-acetamidine, CH, C(NHPh) NPh 
CH, CCl NPh changes a httle above its melt 
ing point [60°] mto the hydrochloride of 
CH, C(NPh) CH, CCl NPh, [117°] which at 160° 
changes to the hydrochlonde of amorphous 
C„H,4N2(WaUach, A 184,86, cf Michael, pr 
[2] 86, 207) —4 P,S, forms thio acetanilide (Hof 
mann a. Simpson, B 11, 889 , Jacobsen, B 19, 
1071 , V Thioacktio acid) — 6 Heating with sul- 
phur produces oxalyl anudo-phenyl mercaptan, 

0A<8>C0<^>C^„ and some ethenyl- 
amido phenyl mercaptan (Hofmann, B 13, 


1226) — 6 Dry NaOEt at 170® gives ethyl- 
anilme AcNHPh + NaOEt - EtNHPh + NaOAo. 
7 Nitrous acid passed into a solution of acet- 
anilide in glacial HOAc forms an unstable 
mtrosamine, PhNAc NO, [41°] (0 Fischer, B 
9, 463) — 8 Nitric acid converts acetamhde 
dissolved m 4 pts of H^SOj chiefly mto p mtro 
acetamhde, some o being formed If the 
acetamhde is dissolved in 20 pts H^S04 a small 
quantity of the m compound appears (Noltmg a. 
Collin, B 17, 261) 

Sodium acetanilide C„H^NAcNa (Range, 
Z [2] 6, 119) Formed by distilling off the 
alcohol from an alcoholic solution of equivalent 
quantities of acetamhde and sodium ethylate 
(Seifert, B 18, 1868) Crystalline powder 
Absorbs CO, in the cold, becoming sodium 
acetyl phenyl-carbamate, C^TI^NAc CO Na 

Mercury acetanilide (CyH5NAc),Hg 
[215°] Formed by melting acetamhde with 
HgO (Oppenheim a Pfaff, B 7, 624) 

Hydiochloride (C.H^ NHAc),HCl crystal- 
lises in needles, decomposed by water By 
heating for half an hour at 260° it splits off 
acetic acid and yields the hydrochloride of di 
phenyl acet amidine CH, C(NPh) NHPh By 6 
hours’ heating at 280° it gives flavamline At 
a still higher temperature quinoline bases are 
formed m small quantity (Noltmg a Weingait- 
ner, B 18, 1340) 

I'Chloro acetamhde CgHjNClAc Ace- 
tyl phenyl chloro amide [172°] Prepared by 
adding a cone solution of bleaching powder to a 
cone aqueous solution of acetamhde containing 
excess of acetic acid, as long as a pp is formed 
Colouiless needles Scarcely soluble m water 
Crystallises well from very dilute acetic acid 
Heated to 172° it suddenly changes, with explo- 
sive violence, to the isomeric p chloro acetamhde 
This change is also produced by cold cone HCl 
with a violent reaction It dissolves m warm 
absolute alcohol at first unaltered, but after a 
few moments a violent reaction sets m and the 
above change takes place Alkalis and amine 
bases replace the Cl by H It converts aceto- 
acetic ether mto chloro aceto acetic ether Not 
attacked by boiling water (Bender, B 19, 2272) 

Diacetyl derivative Cj^HuNO, le 
Cj^nsNAo, [111®] Diacetanilide From phenyl 
thiocaibimide and HOAc at 140° (Hofmann, B 
3, 770) PhNCS + 2HOAc <= PhNAc, + CO, H,S 
Plates On distillation it gives acetamhde (Gum- 
pert, J pr [2] 82, 293) 

Benzoyl derivative CgHjNHBz [169®] 
Formation — 1 From anihne and BzCI 
(Gerhardt, A Ch [3] 87, 327) —2 By the action 
of phenyl cyanate upon benzene m presence of 
AlCl, , the reaction probably being 
(a) PhN CO + HCl » PhNH COCl 
/6) PhNH cool + C«H. = PhNH COCeH4 + HCl 
(Lenckart, B 18, 873) 8 From benzophenone 

oxim and H,S04 100° (Beckmann, B 20, 1607) 

Properties — Volatile plates , msol water 
Reactions — 1 PCI, forms PhNH C01,Ph 
and then PhN CClPh, [40°] (Wallach, A 184, 
79) — 2 Boiling with wZphwr produces benzenyl- 
amido phenyl mercaptan 

Oxim C;H,C(N0H)NH0A 

BtM antltdoxim [186°] Obtained by heaung 
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ihiobenzanilMe Tnth hydroxylammo hydro 
cliionde and Na^CO, m alcoholic solution for 
about an hour (Muller, B 19, 1669) Slender 
needles Sol hot water, alcohol, ether, chloro- 
form, and benzene, si sol ligroin Dissolves 
both m acids and alkalis Salta — B'HCl 
iol alcohol — B'jH^Cl^PtCl4*‘ Ethyl ether 
C,H, C(NHPh) NOEt [56°] , white pp Ben 
»oyl derivative CA C{NHPh)NOBz [116°], 
white glistening needles , sol alcohol, ether, 
and benzene, insol water and ligrom 

Di henzoyl derivative NPhBzj [136°] 
Fiom benzanilide and BzCl (Gerhardt a 
Chiozza, C R 37, 90) 

Preparation — Benzanilide (18 g) is heated 
V ith BzCl (14 g ) for 3 hours 

Propel ties — Netdles (from alcohol) With 
dilute HCl at 120° it gives aniline and benzoic 
acid (Higgin, 0/41, 132) 

Di henzoyl derivative C^H NBzj 
[1G0°J (isomeric with prccelmg?) Fiom ben 
zoio acid (13 g and phenyl tliiocarbimide (6 g ) 
at 220° for 6 hours (Losanitch, B 6, 17b, 
Higgin, G J 41, 133) PhN CS + 2HOBz = 
PhNBz +CO, + H S 

Ptoperhes — Plates (from alcohol) With 
dilute HCl at 120° it gives aniline and benzoic 
acid 

ANILINE BLACK C30H23N5 Nigi aniline 
Foimed by mixing aniline, a chlorate (of K, Na, 
or Ba) and a metallic salt (of Cu,Fe,V, Mn, or Ce) 
(Lightfoot, C N 11, 05, Lauth, Bl [2] 2, 41G , 
Higgin, Bl [2] 7, 93 , Guyaid, Bl [2] 20, 68 , 
Bosenstiehl, Bl [2] 25, 65G , C R 81, 1257 , 
Kruis, D P J 222, 347 , Goppelsroder, C R 
62,331,1392, Coquillion, C R 81, 408, Glenk, 
D P J 248, 234) The quantity of metallic 
salt may be small , ammonium vanadate added 
to a solution of aniline hydrochloride (6 pts ) and 
NaClOa or KCIO3 (4 pts ) in water (100 pts ) con 
verts 100,000 times its w eight of aniline into black 
An aniline black is formed at the positive pole 
■when a solution of an aniline salt is electrolysed 
Aniline black is purified by washing with water, 
alcohol, ether, and benzene It is the hydro 
chloride of a base, C3„H2jN42HCl , and can be 
reduced by tin and HCl, or by HI and P, to 
p phenylene diamine and p diamido diphenyl 
amine NH2 C^H^ NH C«H, NH, (Isietzki, B 
11, 1093) Electrolytic aniline black appears to 
be C24H2„N42HC1 (Goppelsroder) 

ANILINE CAEBOXYLIC ACID v Phenyl 

CARBAMIO ACID 

ANILINE DYES v Rosaniline, Mauveinb, 
Chrysamline &0 

ANILOTIC ACID is Nitro salicylic acid v 
Nitro ox\ benzoic acid 

ANILOXA.LBENZAHI0 ACID t; Phenyl 

OXAMIDO benzoic ACID 

ANIL PYRUVIC ACID C.H^NO, le 
CH3C(NPh)C02H [122°] Formed by the 
action of aniline on pyruvic acid (Bottinger, B 
16, 1924, A 188,336) Crystals, v sol water In 
contact with water it condenses to aniluvitonic 
or (Py 8,. 1) methyl quinoline carboxylic acid 
(q o) On bromination it yields tnbromanil 
mbromopyruvio acid Balt.— BaA', v e sol 
water 

ANIL-UVITONIO ACID v (Py 8) Methyl 
9VZNOLINX (Py l)-oarboxy1io acid 


ANI8AMIDS Amide of methyl p-oxt 

BENZOIC ACID 

ANXSANILIDE Anilide of methyl j)-oxy 

BENZOIC ACID 

ANIS BENZ ANIS-HYDROXYLAUINE v 

Hydroxylamine 

ANIS BENZ . HYDROXAMIO ACID v 

Hydroxylamine 

DI- ANIS -BENZ- HYDROXYLAMINE v 

Hydroxylamine 

ANISE, OIL OF The essential oil obtained 
by distilling the seeds of Pimpinella anisum or 
Illicium anisatum with water It contains 
anethol {q v) If the oil is heated with dilute 
HNO3 (S G 12) and the resulting heavy oil 
shaken with warm NaHSOgAq, so called 
anisoio or thianisoic acid CioHj^SO^ [below 
100°J 13 formed (Limpncht a Bitter, A 97, 364, 
Staedeler a Wachter, A IIG, 160) It is a very 
soluble crystalline mass NH^A'aq — NaA'aq — 
MgA' 5aq — CaA.' 2aq — BaA'^daq — AgA' 

ANISE CAMPHOR A name for anethol (q v ) 
ANI3HYDRAM1DE te 

(MeO CH)3N2 Tn methyl iri oxy -hydro 
henzaniide [c 120°] Formed by action of cono 
NH,Aq upon p methoxy benzoic (anisio) aide 
hyde Prisms, insol water, sol boiling alcohol, 
ether, or cone HClAq (Cahours, A Gh 1_3] 14, 
487 , Bertagmni, A 88, 128) Changes at 170° 
into Anisin, a basic isomende which forms 
salts B'HCl aq — B'aH^PtCl# 

ANXS-HYDROXAMIC ACID v Hydroxyl- 
amine 

ANISIC ACID V p Methyl Oxy benzoic acid 
ANISIC ALDEHYDE v p Methyl Oxy benzoic 

ALDEHYDE 

ANISIC ALCOHOL v p Methyl Oxy benzyl 
alcohol 

ANISIDINE V Methyl derivative of Amido- 

PHENOL 

ANISIL C.gHj.O^ le 

C,H,(OMe)— CO-CO- CeH,(OMe) [133°] Pre 
pared by oxidation of anisoin with Fehlmg’g 
solution (Bosler, B 14, 827) Yellow needles 
Distils undecomposed Sol hot, si sol cold, 
alcohol, insol water On boiling with alooholio 
KOH it gives anisilic acid 

ANISILIC ACID C,eH,«03 le 
(MeO C3H,)2C(0H) CO2H [164°] Prepared by 
boiling anisil with alcohohe KOH (Bdsler, B 14, 
328) Slender white needles Sol alcohol, si sol 
water Dissolves in strong H^O^ with a violet 
colour On oxidation with CrO, it gives di- 
methoxy benzophenone 

ANISIN V Anibhydramidb 
ANISOlN O.eH.^O^ te 

MeO C,H4CH(0H) CO OeH^ OMe Bi methyl tr%- 
oxy phenyl benzyl ketone [113°] Prepared by 
boiling p methoxy benzoic (anisic) aldehyde with 
alcohohe KOH (yield 60 p c , B6sler, B 14, 826), 
or KOy (Rossel, Z [2] 6, 662) Needles , v sL 
sol water, si sol cold alcohol and ether Strong 
HJ1SO4 dissolves it with red colour, rapidly 
changmg to pale green, and on heating, to yellow 
and then purple See also Hydeo-anisoin* 
ANISOIO ACID t; Anethol. 

ANI80L V Methyl Phenol 
ANISOL - ISATIN v Ih methyl-di-Oxr-M 
phenyl-oxindole 

ANISOL-PHTHAUO ACID v Methyl-Oxy 

BENZOPHENONE CARBOXYLIC ACID 

t8 
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AHISOHITEILE v NUnU of Methyl p Oxt 

BENZOIC ACID 

AHlSO-DIITBElDE v Methyl Oxt benznnyl 

flf-UBEA. 

AHISTJEIO ACID C,„H„NO, 

MeO CO NH CH^ CO,H Methyl oxy ben 
eoyl glycocoll — From silver amido acetate and 
methyl p oxy benzoyl chloride Also secreted 
when methyl oxy benzoic (anisic) acid is taken 
into the stomach Laminae Split up by acids 
Into glycocoll and anisic acid 

Salts CaA'2 3aq — AgA' (Cahours, A 103, 
90 , 109, 32 , Graebe a Schultzen, A 142, 348) 

ANISTL This name is usually given to 
the radicle methyl p oxy phenol, CH.O C«H„ 
but sometimes also to methyl p oxy benzoyl, 
CHj,0 C,H^ CO, which could raoie appropiiately 
bo called anisoyl 

ANISYL SBOHIDE v p Bbomo phenol, 
Methyl ether and Methyl oxy benzoyl bbomide 

ANISYL CARBAMIDE v Methyl p Oxy 

PHENYL UREA 

ANISYL CHLORIDE v p Chloro phenol. 
Methyl ether and Methyl oxy benzoil chloridf 

ANISYL METHYL KETONE u Methyl Oxy 

ACETOPHENONE 

ANISYIrTHIO-UREA v Methyl Oxy phenyl 

THIO UREA 

ANISYL DfiEA v Methyl Oxy phenyl upea 

ANOL C„H,oO le HO CH CH CH, 
[92 6°] (c 250®) Formed by heating anethol 
with KOH Shining laminas (from alcohol, 
ether, and chloioform) sol KOHAq and reppd 
by acids (Ladenburg, B 2, 371) 

ANTHEMENE C„H„ [04°] (440°) 

SG 942 VD 127 (calc IH) S (alcohol) 
033 at 25® Extracted from flowers of chamo 
mile {Anthemvs nobihs) by light petroleum (Nau 
din, Bl [2] 41, 48J) Minute needles, insol 
watei, sol ether, petroleum, CS , chloroform, and 
hot alcohol 

ANTHEMOL C,oH,«0 (214°) Occurs in oil of 
chamomile (Anthemts nobihs) Thick liquid with 
camphor like smell (Koebig, A 195, 104) Boiling 
dilute HNOj produces terephthalic and p toluio 
acids Acetyl derivative C,oH,^OAc (235°) 

ANTHOCYANIN Blue colouring matter of 
flowers V Pigments 

ANTHOXANTHIN Yellow colouring matter 
ol flowers, V Pigments 

ANTHRACENE C„H,o t e 

CH CH CH 



CH CH CH 


Mol w 178 [213®] (c 360®) HFp -116,000 
(v Beohenberg) S V 196 8 (Ramsay) Alcoholic 
Bolutions containing less than 03 pc exhibit 
absorption bands m the ultra-violet part of the 
Bpectrmn (Hartley, C J 89, 162) S (ether) 
117 at 16®, S (HOAc) 44 at 15® S (benzene) 
1 7 at 16° S (alcohol) 08 at 16° , (dilute alco- 
hol. S G 84) 46 at 16° (Versmann, / 1874, 
423 , Becchi, B 12, 1978) 

Occurrmico , — In coal tar (Dumai a. Laurent, 
A Ch, [2j 69, 167). From orude anthracene 


the following bodies may be extracted by acetitt 
ether — (a) Soluble in cold alcohol carbazoh 
phenanthrene, fluorene, and a hydrocarbon 
[1J0°] Carbazol is insoluble in CS2, the otheri 
dissolve, but can be separated by their picrates 
(6) Soluble in cold benzene synanthrene and 
two hydrocarbons [104°] and [97®] — (c) Soluble 
in hot benzene anthracene (insoluble in dilute 
alcohol) and pseudoplictianthrene (soluble 111 
dilute alcohol) —{d) Insoluble in benzene car 
bazol (Zeidler, A 191, 302) 

Formation — 1 By passing through red hot 
tubes a mixture of ethylene with benzene, di- 
phenyl, or chrj sene , or a mixture of benzene 
and styrene (Berthelot, Bl [2] 7, 223 , 8, 231 , 
9, 295) or benzene and petroleum (Letn>, B 10, 
412, 11, 1210) or benzene and oil of turpentine 
(Schultz, B 7, 113) —2 By passing benzyl- 
toluene, Ph CH^ C<jH^ CH3, through a red hot 
tube, or over heated litharge (Behr a Dorp, B 
6, 754 , A 169, 216) —3 By action of AICI3 on 
a mixture of benzene and s tetra bromo ethane 
(Anschutz a Eltzbacher, B 16, 623) —4 By 
action of sodium on o bromo benzyl biomide 
(Jackson a White, Am 2, 392 , B 12, 1966) — 

6 Bv heating benzyl ethyl oxide, PhCII 0 Et, 
with P 0, (J Schulze J pr [2] 27, 518) —6 By 
action of CHCl, or CH^Cl^ on benzene in presence 
of AICI3 (Friedel, Crafts, a Vincent, Bl [2] 40, 
97 , 41, 325) — 7 By heating benzyl chloride with 
water at 200° and distilling the product (Lim 
pricht, A 139, 303, Zincke, B 7 278) -8 By 
heating a mixture of alizarin with zinc dust at 
low red heat (Graebe a Liebcrmann, A Suppl 

7 297) — 9 By distilling 0 tolyl plienyl ketone 
with zinc dust (Behr a Dorp B 7 17) — 10 To 
gether with toluene by the action of AlCl, on 
benzyl cliloride (Perkin a Hodgkinson, C J 37, 
720) — 11 By distilling benzyl phenol with P O, 
(Pateino a Fileti, B 6, 1202) —12 By heating 
o benzoyl benzoic acid with zinc dust (Gresly, 
A 214,238) 

Properties — Four or six sided monoclmio 
white tables with blue fluorescence Insol 
water, si sol alcohol, ether, benzene, glacial 
HOAc, chloroform, CS^, and light petroleum 
Changed m sunlight into para anthracene 
(paraphotene) [244*^], which is insoluble in most 
menstrua, but is recon vei ted into anthracene by 
fusion 

Estimation — Anthracene (1 g ) is dissolved 
in boiling glacial HOAc (45 c c ), filtered if 
necessary, and a solution of CrO, (10 g) m 
glacial HOAc (6 c c ) diluted with water (5 c c ) 
IS slowly added , a slight excess of CrO, should 
be left after long boiling The hquid is diluted 
with water (150 c c ) and the ppd anthraquinone 
washed, dried at 100°, and weighed (Luck, B 6, 
1347 , V also Meister, Lucius, a Bruning, Fr 
16, 61 , Paul a Cownley, C N 28, 176 , Lucas* 
C N 80, 190 , Nicol, C J 30, 553 , J T Brown, 
C J 31, 232 , Versmann, C J 30, 347) 

Reactions — 1 Cone HI at 280° forms an- 
thracene hydrides, toluene, and various paraffins. 
2 Chromic acid produces anthraqUinone — 

8 Nitnc acid also produces anthraqumone, 
and not nitro anthracene — 4 Sulphuric acid 
forms snlphonates —6 COClj forms the chloride 
of anthracene (A) -carboxylic acid — 6 HaO, pro- 
duces anthraquinone (Le^s, B 14, 1882) 

Ccmbinaiums ^ — ^With piorio aeid it lomii 
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0|,H„C^H^0J,0H [188’] , red needlee,— With 
dinitrothiophene 0„H,„0,H,(N0,),S [162®] 
piosenberg, JB 18, 1778) — With nitno acid 
CnHioNOaH [125°] Formed by passmg nitrous 
fumes into anthracene suspended in glacial 
HOAo at 20° White needles or prisms, sol 
alcohol or benzene, unstable when damp , con 
▼erted by alkalis into nitroso anthrone Cj^H^NOj, 
[146°] and nitroso hydroanthrone C, 4 H,,N 02 
(Liebermann a Lmdermann, B 13, 1535) — 
With nitric peroxide [194°] 

Formed by passing nitrous fumes into anthra- 
cene dissolved in glacial acetic acid cooled below 
15° Needles or plates, si sol alcohol and 
benzene , unstable when damp , converted by 
alkalis into nitroso anthrone — Hydro an- 
thracene nitrite, C,H (ONO), (?) 
[125°] IS isomeric with the last body It is 
formed by the action of HNO 3 on an acetic 
acid solution of anthracene di hydride Small 
crystals Easily soluble in benzene On boil 
ing \Mth alkalis nitioso oxanthranol dissohes 
whilst mtronitrosoanthrone remains insoluble 
Oxidation with C 1 O 3 converts it into anthra 
quinone (Liebermann a Landshoff, B 14, 467) 

Constitution — The constitutional formula 
given above is founded chiefly upon Formation 
8 , 4, and 2, and upon the foimula assigned to 
anthraquinono {q v ) Substitution in one of 
the benzene nuclei may be indicated by B pre 
fixed to a number exactly as in the naphthalene- 
derivatives , substitution in the C H, group is 
indicated by the prefix A But m this dictionary 
the notation emplojed for anthracene derivatives 
IS usually exactly the same as that used for 
other benzene compounds {v Benzene) 

Additional Befcrcnces — Graebe a Lieber- 
mann, Z [2] 4, 279, 503, 724 , 5, 602 , 6 , 257 , 
Fiitzsche, N Petersb Acad Bull 9, 385 , 13, 
631 V also Methyl anthracene. Ethyl an- 
thracene, Butyl anthracene. Amyl anthracene, 
and their hydrides , also Chloro , Bromo , 
Nitro , anthracene, Anthramine, Anthrol, An- 
THRANOL and SULFHO ANTHRACENE GARROXYLIO 
Acm 

Isoanthracene C„H,o [134°] Obtained by 
assing di benzyl toluene, C 21 H 20 (from toluene, 
enzyl chloride, and zinc dust) through a red 
hot tube (Weber a Zincke, JB 7,1156) Lammas, 
more soluble than anthracene Converted by 
CiO, into a qumone Cj^HgOj. 

Para anthracene [244°] Deposited 

when solutions of anthracene are exposed to 
Bunhght V si sol alcohol, ether, and benzene 
Changed into anthracene by fusion Does not 
combme with picno acid (Schmidt, J pr [2] 9, 
248) 

ANTHRACENE BROMIDE CnHioBr, Crys- 
tals formed by addmg bromme to a solution of 
anthracene in CS* at 0° (Perkin, O N 39, 
146) Split up by heat into HBr and bromo- 
anthracene 

ANTHRACENE CARBOXYLIC ACID 
C,jH,,0, i e C^Hg COjH [280° corr ] Two 
anthracene carboxyUo acids can be obtamed by 
distilling dry crude potassium anthracene sulpho 
Bate wi^ K^eCy,, and saponifying the mixture 
of mtnles that results (Liebermann, B 8, 246 , 
1$, 46). They may be separated by baryta- 
lrat« which forms a soluble salt with the (A)- 


acid, and an insoluble one with the M acid. 
Nevertheless the two acids may be identioal 
{$) Anthracene earboxylio acid [0 260°]« 
Yellow needles (from alcohol) Insol water, 
si sol benzene and ether Gives anthracene 
when heated with soda lime, and anthraquinono 
carboxylic acid when oxidised by CrO, Salts 
with heavy metals are v sol water The acid 
and its salts show blue fluorescence 

(7) Anthracene carboxylic acid [c 280°]* 
Formed also by reducmg anthraquinono car- 
boxylic acid with zmc dust and ammonia (B6rn- 
stein, B 16, 2609) Small plates or needles 
May be subhmed Sol acetic acid and hot 
alcohol, b 1 sol cold alcohol and chloroform 
Its solutions have a blue fluorescence CrO* 
gives anthraqumone carboxylic acid [285°] 
Salts — NaA' small spangles, si sol water; 
fluorescent All the salts of the heavy metala 
are tolerably insoluble 

Ethyl ether A'Et [135°], white plateci 
with blue fluorescence 

Chloride C,,Hn COCl yellow crystals, 
soluble in alcohol, ether, benzene, and CS* with 
an intense green fluorescence 

Amide C,4H9 CONH [295°], slender yellow 
needles or plates, si sol alcoibol with a blue 
fluorescence, msoL water, benzene, CS* and 
chloroform 

Anthracene (A )-carboxylic acid 

C,H(CO H) [206°] From anthra- 

cene and COClj at 200°, and saponifying the 
chloride by Na^COgAq (Graebe a Liebermann, 
B 2, 678) Formed also by heating (A 1)- 
cliloro anthracene {A 2) carboxylic acid with 
alcoholic potash (Behla, B 20, 701) Silky 
needles (from alcohol) , decomposed by heat into 
CO2 and anthracene V si sol water CrO* 
gives anthraqumone Cl or Br (1 mol ) gives 
(A 1) chloro (or bromo ) anthracene (^ 2) car- 
boxylic acid A larger quantity (2 mole ) of Cl or 
Br give {A ) di chloro (or bromo ) anthracene. 
Cone H2SO4 gives {B ) sulpho anthracene (A,)- 
car boxy li c acid Salt — Ag A' 

Methyl ether MeA' [111®] Yellowish 
prisms or tables 

Anthracene di-m-oarboxylio acid 

O) 

.CHx (2 4) 

C,H4< I >C,H,(CO*H)*, [above 830«] Formed 
\CH^ 

( 6 ) 

by reduction of an ammoniacal solution of the 
corresponding anthraqumone m di carboxyho 
acid with zmc - dust Crystalhne powder. 
Scarcely sol water, m sol other solvents (Elba 
a. Gunther, B 20, 1866) 

Anthracene-di-carboxylio acid 
( 1 ) 

>CHy (8 4) 

C,H4<^ I ^*H*(CO*H)*. [845°] Fonnod by 
(C) 

reduction of an ammoniacal solution of anthra- 
quinone-di-carboxyhc acid [840®] with zinc dust. 
Yellow crystalime powder Sca^ely sol watei^ 
si soL other solvents (Bibs a Bunch, B 20, 
1868) 

ANTHRACENE CHLORIDE CtjHigd*. From 
anthracene dissolTed in OS* at 0° W patting 
in Cl jerkin, C J 81, 209) Neefita (txfm 
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bantene) Splita up into HCl and chloranthra 
oene even in the cold 

ANTHEACEKE HTDBIDE8 
Anthracene di-hydnde C^H,^ [108°] (313°) 
Formed by heating anthracene at 160° witn 
HI and red P, or by treating a solution m 
alcohol (95 pc) Tvith sodium amalgam Pre- 
pared by heating anthraquinone (30 pts ), HI 
(140 pts of S G 1 8), and red P (10 pts ) with 
inverted condenser for one houi on a sand bath 
(Liebermann, A Suppl 7, 265 , 212, 5) Large 
monoclinic plates (from alcohol) or needles (by 
sublimation) Insol water, v sol alcohol, ether, 
and benzene Volatile with steam Its solu 
tions fluoresce blue 

Reactions — 1 Warm cone H^SO^ forms 
anthiaoene and SOj — 2 Br added to its solu 
tion in CSj forms di brorao anthracene — 3 
Cone 7iitnc forms hydro anthracene nitiite 
{v sup ) and dmitroanthrone — 4 CrO, gives 
anthraquinone 

An thracenehexa hydride [63°] (290 ) 

From oxy anthraquinone (or anthracene dmy 
dnde), fuming HI and red P by boiling for 20 
hours (Liebermann, A 212, 25 , Suppl 7, 273) 
Plates (from alcohol) Volatile with steam , v 
sol alcohol, ether, and benzene At a red heat 
it 18 split up into hydiogen and anthracene 
ANTHEACENE HYDBIDE CAEBOXYLIC 
ACIDS 

Anthracene-di-hydnde carboxylic acid 
OijHjaOj xe 0,^H,,(^CO^H) [203°] Formed, 

together with the following acid, by reduction 
of anthracene carboxylic acid, [280° cor ], with 
sodium amalgam 0ornstein, B 16, 2612) 
Colourless plates V sol ordinary solvents 
Anthracene-tetra hydride carboxylic acid 
C,jH, 3 (COiH) [1C5°] Colourless tnmetric tables 
Anthracene-bexa hydride carboxyhc acid 
C, 4 H, 5 (C 03 H) [232°] Formed by 1 eduction of 

anthracene carboxylic acid by heating it with 
HI (1 7) and P at 220° (B ) Slender needles 
ANTHEACENE-DI-HYDEIDE 8ULPH0NIC 
ACID C,^H,, HSOj Prepared by reduction of 
sodium anthraquinone sulphonate with HI (S G 
1 8 ) and red P (Liebermann, B 12, 189, A 212, 
44) Decomposed by fusion with KOH with 
formation of anthracene and anthracene hydride 
NaA' aq long soluble needles — BaA'j — CaA'j 
ANTHEACEKE SULPHONIC ACID 
C^H^SO^H 

Formation — From anthraquinone sulphonic 
acid, HI (S G 17), and red P, by boihng for half 
an hour (Liebermann, A 212 , 48) 

Preparation — From sodium anthraquinone 
sulphonate (600 g ), zinc dust (750 g ) and 
ammonia (3 litres of S G 88), at 100° 
M 212, 67 , B 16, 852) On oxidation by 
jtoO, it gives anthraquinone sulphonic acid 
Salts — NaA'4aq, V al soL water — BaA'- — 
TbA!f 2aq 

The existence of (a) and {$) anthracene sul- 
phomo acids amongst the disulphomc acids 
obtamed by sulphonation of anthracene (Linke, 
JT pr [2] 11, 222) has been denied by Liebermann 
(B 12,692) 

(a) Antweene dianlphonie acid 
[i l] CA(so^) CA CASO^ [I ,] 
Pre^reUxon . — 1 pt of anthracene is gently 
Iteated on a water bath with 3 pts of H^SO, for 


an hour Alter dilution with water, the filtered 
solution 18 neutrahsed with PbCO„ and the lead 
salts converted into the sodium salts 

Since the sodium salt of the (a) acid is much 
less soluble m water containing Na-CO, than 
the sodium salt of the (3) acid it can be readily 
separated from the latter (which is formed 
simultaneously) (Liebermann a Boeok, B 
11, 1613 , 12, 182, 1287) 

Properties — Minute needles By fusion 
with KOH it gives (a) dioxyanthracene 
(chrysazol), which is converted on oxidation mto 
chrysazm v Di oxy antdiiaquinone 

baits — Na^A" 4aq — KA" aq — CaA" 5aq — 
BaA" 4aq 

(jB) Anthracene disulphonio acid 
[l C.H,(SO,H) C H, C.H, SO.H [| i] 
Preparation — 1 pt of authracene is heated 
to 100°C with 3 pte of H SO 4 till half has 
dissolved It is separat^^d from the (a) acid, 
simultaneously formed, by conveision into the 
bodium salt By fusion with KOH it gives a 
dioxyanthracene, which on oxidation is con 
verted mto anthrarufin v Di oxy anthraquinone 
baits — Na^A^Saq, white leaflets, easily 
soluble with a blue fluorescence — BaA" 4aq , 
white leaflets — A"Pb ciystalline pp — CaA"3aq 
(Liebermann a Boeck, B 11, 1613 , 12, 182, 
1287) 

Anthracene - di - sulphonic acid {Flav ) 
C„H„{&08H)^ Prepared by reduction of sodium 
(a) anthraquinone di sulphonate with zme dust 
and NH, (bchuler, B 15, 1807) 

Salts — A"Na^ soluble crystals, its solutions 
have a blue violet fluorescence — A"Ba white 
cr} stalline powder 

ANTHEACHEYSONE v tefra Oxy anthra- 

QUINONE 

ANTHEACYL-AMINE v Anthraminb 
ANTHEAPLAVIC ACID v Di oxy anthbaqui- 

NONE 

ANTHEAGALLOL v (1, 2, 8 ) tn Oxy anthra 

QUINONE 

ANTHEAHYDROQDINONE v Oxanthiunol. 
ANTHEAMINE C„H„N te 
C^H^ (C 2 H 2 ) C^HjNHj Anthracylamine Amido 
anthracene Anthrylamine [237°] 

Formation — 1 By heating amido anthra 
quinone with HI and P — 2 By heating anthrol 
with acetamide at 280° and saponifying the 
acetyl derivative so produced --3 By heating 
anthrol with 10 p c aqueous NH, at 250° , the 
yield is nearly theoretical — 4 By heating an 
throl with alcohol and ammoma at 170° 

Properties — Yellow plates (from alcohol) 
May be sublimed , si sol alcohol, the solution 
having a splendid green fluoiescence Is a weak 
base, dissolving with difficulty m boiling HCL 
Forms a blue mass when fused with arsems 
acid Is readily methylated 

Reactions — 1 Does not give the oarbamine 
or mustard oil tests — 2 Boilmg HOAc gives 
di anthramme. — 3 Chloroform and aloohoho 
potash give nse to di anthryl-fonuamidma 
0„H, NH CH N OjiHg.— 4 Nitrous acid give# 
OaAi^iO, [250°], a body which forms a red bo\x^ 
tiOB in and a bine solution in H^SO, 

Salts. — B^Cl white iridescent plates, sL 
sol water, forpaed by addmg HCl to an 
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solutioii of the b«i 9 lU solution doos not 
fluoresce.— v sL sol water 

Aceiyl derivative 0,4H,NHAo [240°] 
Plates Its alooholio solution fluoresces blue 
CrO, gives acetyl amido anthraquinone 

Formyl derivative CjANH CHO 
[242°] Small yellowish green crystals, al soL 
alcohol, with green fluorescence 

References — Roemer, B 15, 223 , Liebermann 
a Bollert.B 15,226, 852, 16,1635, A 212,57 
Di antliramineC 2 «H„Nie Di- 

anihracylamine Prepared by boiling anthra 
mine with acetic acid (Bollert, B 16, 1636) 
Does not melt at 320° Small glistening plates 
Very sparingly soluble in all solvents 

ANTHRAMINE-DI-HYDRIDE NH, 

Slender colourless needles Very soluble in 
alcohol Formed by reduction of anthramine with 
sodium amalgam -nrB'HCl sparingly soluble 
white needles (Liebermann a Bollert, B 15, 853) 

AMTHBANIL C,H.NO »« (?) 

o Amtdo benzoic lactam (o 213°) V D 
4 14(obs) bormed by reduction of o nitro 
benzaldehyde with tin and acetic acid (Fried 
lander a Henriques, B 15, 2105) Colourless oil , 
volatile with steam Soluble in ordinary solvents, 
bat sparingly in water Very weak basic properties 
Reduces salts of gold and silver to the metal 
By alkalis it is converted into anthranilic acid 
of which it is the anhydride Double compound 
C H NOHgCla [174'"] , slender needles, sol 
alcohol and hot water, si sol cold water 

.CO 

Benzoyl derivative | [123°] 

\nBz 

(above 360° with decomposition! Formed by 
heating isatoic acid with BzCl (E v Meyer, J 
pr [2] 33, 19) Long white needles, readily 
takes up HjO forming benzoyl anthramhc acid 
(Friedlander a Wleugel, B 16, 2229) 

AKTHRAKIL ^'-CARBOXYLIC ACID v 
Isatoic acid 

ANTHBAKILIC ACID v o Amido benzoic 

ACID 

ANTHRANOL ChH.oO le 
.C(OH)v 

CflHX I >C,H 4 (163°-170°) From an 
\CH ^ 

thraqumone J30 g ), HI (140 g of S G 175), 
and red P (8 g ), by 16 mmutes’ digestion 
(Liebermann, A 212, 6) Needles (from benzene) 
Its alcoholic solution shows blue fluorescence 
Decomposed by heat, becoming greenish Dis 
solves m aqueous KOH, fonmng a yellow liquid, 
whence CO, pps the anthranoL The alkalme 
solution IB oxidised by air, some anthraquinone 
bein^ formed CrO, in glacial HOAc completely 
oxidises anthranol to anthraquinone 

Acetyl derivative, [126°-181°]. White 
needles (from dilute alcohol) 

AHimUOL DIHYDRIDE 

Frtparaticm.—bQ grins of anthraquinone are 
mixed with 100 grms of zinc dust and heated 
over a water ba& with 800 cu) ammonia and 
200 ox. of water The liquid turns at first blood- 
red from oxanthraaol, but after three hours this 
Is reduced* the hqmd becoming yellow The 
liquid IS filtered, the pp dned at 15°, and | 


exfraoted with boiling bensoline (40°-fi0°^, jErons 
which the anthranol dihydnde crystallises on 
cooling (H R V Perger, / pr [2] 510, 189) 
Properties — Slender satiny needles, which di a* 
solve in benzoline, forming a solution with bluish 
fluorescence. May be orystalhsed from boiling 
water, but by long-coniinuod boiling with water 
or with alcohol it is converted into anthracene i 

DIANTHEAim. C„H„ i. 

C.H, O.H, 

/\ /\ 

HC — 0-0 ~ CH [300°] Yellowish pUUfc 

Formed by heating anthrapmacone Os^BCnOg 
with acetyl chloride (K Schulze, B 18, 8036) 
ANlHRAPINACONE 

0,H4 0„H4 

C„K^,0^ie CH,<^C(OH) C(OH)/^CHr 
C„H4 

[c 182°] Formed as a by product of the re- 
duction of anthraquinone to dihydroanthranol 
by means of zinc dust and NH, Long slender 
white needles Sol hot benzene, toluene, or 
xylene, si sol alcohol, msol petroleum ether 
On heating with acetyl chloride, 2H^O is removed 
giving dianthranyl CjgHjg (Schulze, B 18, 8084) 
ANTHRAPURPURIN v Tn Oxv anthbsqui 

NONE 

ANTHRAQDINOL v Oxanthbanol 
ANTHRAQUINOLINE C„H,iN t e 
H 



Formation — 1 By heating alizarin blue 
with zinc dust — 2 By heating a mixture of 
anthramine, nitrobenzene, glycerin, and H^SO^ 
(Graebe, B 17,170, A 201,344) 

Properties — Tables, msol water, sol alcohol 
and ether , its solutions show intense blue fluo- 
rescence Its salts are yellow and possess m 
solution an intense green fluorescence B'HOl — 
B'APtCl, — B'HI — B'H.SO^ 

Combinations —With picric acid it forme 
C„H„N CjHjlNOahOH slender yellow needles 
With ethyl iodide B'Etl, golden needles, v 
sol hot, si sol cold, water 

Quinone C^HnNOy [186°] Formed from 
the preoedmg by CrO, Yellow pnsxns or needles, 
msol water, sol m alcohol and ether Salts — 
BUCl sulphur yellow needles, si sol water, 
but slowly decomposed by it -B'jH^Cl* Picric 
acid compound B'C,H,N,0, golden needles, 
AHTHRAQDIHOHE 

C,H.<^>CA Mol » *08 

[278°] 8 (alcohol) 06 at 18° , 2 26 at 78° 

VJ> 7 88 (oalo 7 20WGraobo, B 6, 16) 

Formation. — 1 By oxidation of antbraomie 
(Laurent, A Oh. m 60. 220 . 72, 416. A 84, 
287, AnWson, C / 16,44) — 2 Fromphthalyl 
chlonde by hcabng with benzene and zmc-dusi 
in sealed tubes at 220° (Piecaid. B 7, 1785) 
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by treatxnant with AlCl, (Friedel a. Crafts, BL 
[2] 29» 49) —8 By dry distillation of oalcmm 
phthalate (Panaotovits, B 17, 812)— 4 To- 
gether with benzophenone by distillation of 
calcium benzoate (Kekul4 a Franchimont, B 

6, 908) — 5 By heating o (but not p ) benzoyl- 
bimzoio acid \vith P Oj at 200° and extracting 
With benzene (yield 20 p c , Behr a Van Dorp, B 

7, 678) —6 In small quantity, by distilling 

benzoic acid with (K a F ) — 7 From 

phenyl o tolyl ketone, MnO , and H^SO^Aq (Behr 
a Dorp, B 6, 753 , 7, 16) — 8 By acting on o 
bromo benzyl bromide dissolved in ether with 
Na and oxidising the pioduct (anthracene) with 
CiOj (Jackson a White, A7n 2, 390) — 9 By 
action of water on ‘ anthraqumone chloride ’ 
Cj^HgCl^O, obtained by passing chlorine into 
phenyl o tolyl ketone at 110° (Thorner a Zincke, 
B 10,1479) 

Preparation — Anthracene is dissolved in 
glacial acetic acid , K,Cr 0^ or CrOj is added , 
the liquid is then heated to 100°, the acetic 
acid IB distilled off and the anthiaqumone ppd 
by water Large quantities are prepared by 
oxidising anthracene (100 kilos ) with K^Cr^, 
(160 kilos ) sulphuric acid (200 kilos ) and water 
(2,000 kilos ) 

Properties — Yellow needles (by sublimation) 
Insol water, v si sol alcohol, si sol benzene 
Not attacked by alcoholic KOH at 200° , or by 
cold Br 

Peactions — 1 Bromine at 100° forms di 
bromo anthiaqumone (g v ) — 2 HI and P form 
anthranol and anthracene dihydride —3 Heated 


With zinc dust to dull redness it is reduced to j 
anthracene — 4 Zuic dust and aqueous NaOH 
giveoxanthranol,CgH, CaH4(g v) when 

alkyl iodides aie added alk)! oxanthranols are 
got When stronger soda is used and the 
alkyl iodide is not added until the reduction is 
complete, alkyl hjdro anthranols {v Hmao 
anthranol) are got (Liebermann, A 212, 100) — 

6 Zinc dust and aqueous NHg give dihydro 
oxanthranol, C H, (C,H,0 ) -6 PCI, di 

luted with PCI, at 200° forms chlorinated 
anthraquinones (Graebe a Liebermann, A 160, 
121 ) — 7 Potash fusion at 250° forms potassium 
benzoate 

Constitution —The formation of anthra 
quinone from phthalyl chloride (g v ) and ben 
Eene might be thought to mdicate the formula 
XO. 

^0 This formula is open to 

\ C 4CgH, 

several objections — (a) the group 0,Hj C is 
unknown , (6) it represents a lactone which 
should be converted by KOH into an oxy acid 
(c) anthraqumone reacts with hydroxylamme 
while phthalide and its derivatives do not 
V Meyer, J pr [2] 29, 189, 496 , V Meyer, 
B 17» 618) There remains the formula 
CO 

which agrees with that of 
XHv 

anthraoexie I and must there- 

fore be adopted Bromo phthalio acid, benzene, 
and AlCl, give bromo benzoyl benzoio acid, 
COyH C,H,BrX10 CJH,, m which it is evident that 
die carl^nyls are o to one another Cono H,80^ 
•ondaBiei this aoid to bromo anthraquiniotie. 


whence potash fusion forms an oxv anthraqui- 
none from which phthalio (not oxy phthaJic) acid 
can be obtamed by nitric acid Hence the two 
carbonyls are o to one another in both benzene 
nuclei (Pechmann, B 12, 2125) 

Derivatives of anthraqumone are described as 

ChLORO ANTHRAQUINONE, BrOMO ANTHRAQUINONE, 
Oxy ANTHRAQUINONE, OxY METHIL ANTHRAQUI- 
NONE, Methyl anthraquinone 

ANTHEAQUINONE CAEBOXYIIC ACID 

te C«H, (CA) C„H,CO,H [282°-. 
284°] Obtained by boiling methyl anthracene 
(Weiler, B 7,1186, 0 Fischer, B 7, 1196, 
Liebermann,^ 183, 166, Japp a Schultz, B 
10, 1051), methyl anthraqumone (Hammer 
schlag, B 11, 82), or anthract-ne carboxylic 
acid [280°] (Liebeimann a v Hath B 8, 248), 
with CrO, and HOAc, or the compound C,„H,,0 
(obtamed by action of cont H SO^ on amyl 
oxanthianol) with CrO, and ASOj (Liebermann, 
A 212,07) 

Properties — Compact yellow prisms (from 
alcohol), jellow needles (by sublimation), v 
b1 sol HOAc, benzene, and alcohol, v sol 
acetone Decomposed by heat into COj and 
anthiaqumone The sodium salt is msol 
NaOHAq 

Salts — BaA' (“^Aq) needles, v sol hot 
water — CaA'2(‘^Aq) 

The following derivatives are got from the 
acid obtamed bj oxidising methyl anthraquinone 
(Liebermann a Glock, B 17, 888) 

Fthyl ether A'Et [147°], needles, easily 
soluble m alcohol 

Chloride C,,H,0 COCl [147°], needles, 
very stable towards water 

Amide CO NHj [above 280°], 

needles, very stable compound 

Anihde C,A 0^ CO NHPh [260°], needles, 
very sparingly soluble m most solvents 

(7) Anthraquinone carboxylic acid [285°] 
From the corresponding anthiacene carboxylic 
acid (Liebermann a Bischof, B 13, 49) Yellow 
needles (from glacial HOAc) Its alkaline sola 
tions do not fluoresce Its barium salt is v si 
sol water This acid may be identical with the 
preceding 

Anthraqumone di m carboxylic acid 

<l) 

prv (2 4) 

CA<Cqq^C«H 2(C08H)2. [above 830°] Formed 

(C) 

by oxidation of the corresponding m di methyl- 
anthracene Yellow needles Nearly msol 
water, si sol other solvents Dissolves m 
aqueous NH, with a red colour , the NH^ salt 
crystallises in easily soluble small red warts , 
its solution gives with AgNO, a reddish pp of 
A"Ag2 By zme dust and aqueous NH, the acid 
IS reduced to anthracene m di carboxyho aoid 
(Elbs a Gunther, B 20, 1364) 

Anthraquixione-di oarboxylio aoid 

<i) 

(«) 

oxidation of di methyl anthraqumone [188°] by 
HNO, (1 2) at 220° Yellow needles Scarcely 
sol water, si sol most other solvents. Dissolves 
m aqueous NBi, with a red colour On heating 
it lo8«a BLfi, giving the anhydride. By awa* 
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dost and aqoeoaa NH, it U rodaoed to anthra* 
cene di carboxyUo acid [345®] The solution of 
the NH| salt gives pps with GaCI,, Pb(OAc)„ 
and AgNOj 

Anhydridt CA C.H<co>° 

[290°] , sublimes in small yellow needles (Elbs 
a. Eurich, B 20, 13G2) 

AKTHEAQXriNONE OXIM 

Formed by heating anthraquinone with hydroxyl- 
amine hydrochloride and alcohol at 180° (Gold 
Bchraidt, B 10,2179) Red crystalline powder 
Sublimes without melting above 200’ Dissolves 
in H^SO^ with an intense yellow colour 
ANTHRAQUINONE SULPHONIC ACID 
ChH.SOj te C,H,JCO) C.Hj SO,H Formed 
together with the dibulphonic acid by heating 
anthraquinone (1 pt ) with H SO^ {2j^ pts ) at 
260° Also from diamido anthraquinone sul 
phonic acid b} diazo reaction , and from o 
benzoyl benzoic acid and fuming H &0^ (Lieber 
mann, A 100, 131 , Sappl 7, 805 , v Perger, 
J pr [2J 19. 218) 

Properties — Yellow scales, v sol water and 
alcohol, v si sol H SO^ and ether 

Reactiom — 1 h used with potash it forms 
alizarin, oxy anthraquinone, and benzoic, p 
oxy benzoic and protocatechuic acids — 2 HI 
and P foira anthracene sulphonic acid and its 
dihydride — 3 Anthiacene sulphonic acid is also 
produced by sodium amalgam, and by zinc dust 
and ammonia —4 Ammonia at 190° forms 
amido anthraquinone — 5 Distillation of the 
sodium salt produces, besides small quantities 
of anthraquinone and oxyanthraquinono, chiefly 
a compound C gHi^Og which melts far above 
300° This compound forms minute reddish 
yellow needles (fiom glacial HO Ac), si sol HO Ac, 
toluene, phenol, and aniline, v si sol alcohol 
At a high temperature it may be sublimed It 
is insol alkalis, but forms a crimson solu 
tion m oonc H^SO^ Distilled with zinc dust 
it yields anthracene Fused with potash it 
gives alizarin Its constitution is perhaps 
C,H, (CO), C,H,0 C^O (CO), C«H, Chromic 
acid oxidises it to colourless C,^H^O^, [296°], 
possibly C^H^ (CO), CaH,02 This forms trans 
arent plates, insol aqueous alkalis, v si sol 
oilmg benzene, si sol acetic acid, m sol 
aniline It may be sublimed Alcoholic KOH 
forms a violet solution decolorised by shaking 
with air Distillation with zinc dust produces 
anthracene (A G Perkin a W H Perkin, jun , 
B 18, 1723 , C / 47, 682) 

Salts — BaA',aq, small leaflets, si sol 
water — CaA'j 2aq si sol water — NaA' aq 
white leaflets, si sol water 

Chloride 0.,H,0, SO,Cl [193°] Light 
yellow plates , sol benzene and acetic acid, v 
b 1 sol alcohol and ether Converted by di- 
methyl aniline into the snlphone 
0,*JEL,0,.S0^C.H,NMe2 [171°] 

Amide BOaNECy [261°] Long yellow 

needles , almost insoluble m alcohol, chloroform 
andCS^ 

Anilide 0„H,0,.S02NHPh. a98°] Long 
pnsms , sol alcohol and acetic aoiA 

Additumal References — Liebeimazm, A 212, 
i2 , R 12, 189, 1293, 15^7 , MdHoul, B 18, 693 


(a) Anthraqainon) diiulphonio add 
0 , 4 H,Oa(SO,H)j "When anthraquinone (1 pt.) is 
heated with fuming H,,SO, (2^ pts ) at 170°, or 
when dichloro anthracene or di bromo anthra 
cene is similarly treated, a mixture of (a) and 
{$) disulphonic acids is got The salts of tne (a) 
acid are less soluble and less crystalline than 
those of the (8) acid The (a) acid is converted 
by potash fusion into anthraflavm (di oxy anth 
raqumone), oxy anthraquinone sulphonic acid, 
and flavopurpurin (tri oxy anthraquinone) 

Salts — Na,A' 7aq — BaA" aq ~PbA"aq 
{$) Anthraquinone di-sulphomo acid Pre 
pared as above Potash fusion produces iso anth- 
raflavin (di oxy anthraquinone) and iso purpunn 
(tri oxy anthraquinone) The sodium salt 
heated with NH^Aq at 180° produces 
C„H (OH)(NH,)(SO,II)(Bourcart,Bf [2] 33,264) 
Salts — N a, A ' 4aq — BaA" 2aq — PbA" aq 
X-Anthraquinone disulphonic acid Ci^H^OyS, 
le C«H,(SO,H) (CO), C.Hj SO,H Prepared by 
oxidation of (;8) anthracene di sulphonic acid 
On fusion with KOH it first gives chrysazin (di 
oxy anthraquinone) and then oxychrysazin (tn 
oxy anthraquinone) 

Salts — Na A" 4aq yellow prisms 
(p) Authraquinone-disulphonio acid 

[aj] C.Hi(SO,H)(CO)AH.SO.H 
e] Prepared by oxidation of (a) anthra 
cene disulphonic acid On fusion with KOH 
it first gives anthrarufin (di oxy anthraquinone) 
and then oxychrysazin Salts — Na,A"6aq 
yellow leaflets, sol water 

References — Graebe a Liebermann, A 160, 
134 , B 3, 636 , 7, 805 , LiebermaYin a Dehnst, 
B 12, 1288 , Perkm, C N 21, 61 , A 168, 323 , 
Schunck a Roemer, B 9, 379 , 10 1821 

ANTHRAQUINONE CHLORIDE v Anthra 
QUINONF, Formation 9 

ANTHRARUFIN v Di Oxy anthraquinone 
ANTHROL C„H,,0 t c C,H,(C H )C,H,OH 
Formation — 1 irom oxy anthraquinone and 
HI — 2 By fusing anthracene sulphonic acid 
with potash 

Preparation — Crude sodium anthraquinone 
sulphonate (1 pt ) is heated on a water bath for 
a few hours with 1^ pts of zinc dust and 7 pts 
of cone ammonia , the anthracene sulphonate 
thus obtained is fused with NaOH Leaflets or 
needles (from dilute alcohol) Insol water, v sol 
alcohol, acetone, or ether Decomposes at 200° 
Insol in NH^q, soluble in KOHAq or baryta 
water, forming a yellow solution with green fluo 
rescence Its alcoholic solut'on shows a violet 
fluorescence Cone H,SO^ gives a yellow so- 
lution, turned blue by heat A drop of fuming 
HNO, added to its solution in glacial acetic acid 
gives a transient green colour Its alcoholic 
solution reduces warm AgNO, 

Acetyl derivative [198°] Microscopic 
leaflets Difficultly soluble in cold acetic acid, 
easily in C^H, CrO, in HOAo converts it mto 
the acetyl derivative of oxy anthraquinone 
Ethyl derivative [146°] Needles. 
Methyl derivative [c 178°] 

References — Liebermann a. Hdrmann, B 12, 
689, L a. Hagen, J5 16, 1427 , L a. BoUert, B 
16. 226 , L , A 212, 26, 49 

Jsomendes have been desonbed by Liake, /• 
pr [2] 11, 227 
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AHTHEOL-SirLFEOKlC ACID 

C, J0[*{OH)(SO,H) Formed by careful fusion of 
anUira<»ne-di sulphomo aoid with £OH 
Salts — A'Na crystals si sol cold water 
A'^Ba plates or needles (Schuler, B 16, 1808) 
ANTHBOPIO ACID Shown by Hemtz (P 
S4, 288 , 87, 233) to be a mixture of palmitic 
and steanc acids 

ANTHROPOCHOLIO ACID C„H280,2aq 
[146°] [a]n 60° The cholic acid of human 
bile The bile is extracted with alcohol , evapo 
rated , extracted with dry alcohol, and the pp 
(probably a mixture of sodium glyco , and tauro , 
anthropocholates) is decomposed bv boilmg with 
baryta water (Bayer, H 3, 293) 

Propel ties — Groups of prisms, insol water, 
V e sol alcohol, v sol ether, m sol chloroform 
LsBvorotatory Fusion changes it into an amor 
phouB dy sly sin CjgH^uOa 

Salts — KA' V e sol water — BaA'j (? Aq) 
silky plates, si sol water 
ANTHROXANIC ACID 

.C-CO,H 

CaHaNO,tc 1>0 (?) 

[191°] Obtained by oxidation of anthroxanic 
aldehyde with dilute KMnO^ (Schillmger a 
Wleugel, B lb, 2224) White felted needles 
Sol acetone and hot water, v si sol cold water, 
b 1 sol alcohol, ether, and benzene Strong acid 
On reduction with FeSO^ and NHjit yields isatic 
acid 

ANTHROXANIC ALDEHYDE 

yC - CHO 

C,H.NO,te C.H,< I >0 (7) 

[73°] Obtained by heating a solution of o nitro 
(j8) oxy cinnamic acid in an equal weight of 
acetic acid to 100° for a few hours, diluting the 
product with water, neutralising with CaCO„ 
distilhng with steam, and extracting the distillate 
with ether Long yellowish needles Sublimable 
Volatile with steam Easily soluble in hot water 
and in most other solvents except ligroine 

The addition of zinc dust to the dilute 
ammoniacal solution produces a reddish violet 
colouration It combines with bisulphites and 
reddens fuchsin sulphurous acid With aniline 
it yields a crystalline anihdb which melts at 
about 40° (Schillmger a Wleugel, B 16, 2222) 
DI ANTHRYL-FORHAMIDINE v Anthra 
MINE, reaction 3 

ANTIARINCHH2oO,2aq(?) [221®] Poison 
ous substance in the milky juice of Antians toxi 
carta or Upas Antjar, used to poison arrows 
(Mulder, A 28, 804 , Ludwig a. de Vry, Z 1869, 
B61 , Pelletier a Caventou, A Ch 26, 67) 

ANTIHONIDES — Binary compounds, or 
rather alloys, of Sb with more positive metals. 
Most of these bodies are of somewhat vague 
oompositions , some occur as mmerals {v Anti> 
MONT, Combinations^ No 10) 

ANTIMONY Sb {Antimonium^ or Stibium 
fnetaUicmn, RegtUus antimonii) At w 120 
Mol w probably 120, v Biltz a Meyer, B 22, 
725 [about 425°] (between 1090° and 1460 ) 
(Gamelley a. Williams, C J 36, 566) S G 6 71 
to 6 86, °^, 6 697 (Schrdder, J 1859 12) 
B G (melted) 6 58 to 6 65 (Playfair a. Joule, C 


8 Mem 8, 57) S H (0°-100°) 0495 (Bunsen 
P 141, 1), 0528 (Kopp, A Suppl 8, 66), 
(0°-33°) 049, (-21°to0°) 048, (-76° to -21°) 
047 (Pebal a Jahn, W 27, 684) CE (cub. 
0°-100°) 003161 (Matthiessen, P 130, 60), 
(lin 40*) 00001152 (Fizeau, C B 68, 1126) 
TO (Ag = 100) 4 03 (Lorenz, W 13,422) Ea 
(Hg at 0° = 1) 2 05 at 0°, 1 42 at 100° (Lorenz, 
Ic) Chief lines m spectrum, 6128 5, 6078, 
6003 5 (Thal6n, A Ch [4] 18, 243) CrystaUises 
in rhombohedra, appi caching cubes (Marx, S* 
59, 211) , isomorphous with As, Bi, and Te 

Occurrence —Native , but chiefly as sulphide 
SbjSa {Shhnite), and as double sulphide with 
PbS CuS, AgjS NiS &c , as oxide m small quan 
titles, in various iron ores, in ferruginous 
mineral waters , in some gas coals , in certain 
nver sands (Campbell, P M [4] 20, 304 , 21, 318) 

Preparation -The sulplfide is fused, tosepa 
rate gangue, and roasted in air , the oxide thus 
produced is reduced by heating with charcoal or 
coal Or the sulphide is reduced by charcoal or 
by iron The crude metal (16 parts) is purified 
by fusion with dry Na^CO, (2 parts) and Sb^S, 
(1 part), for an hour in a Hessian crucible, the 
regulus 18 sepal ated and again fused for an hour 
with 1^ parts Na CO,, and this is repeated with 
1 part Na^CO, a second time (Bensch, A 5, 20) 
Or the crude metal is fused with NaNO, and 
Na^COj (details, v Meyer, A 06, 238) Pure Sb 
is prepared by Dexter [J pr 18, 449) by fusing 
diy HjSbOj with lampblack, and then with a 
little SbPa Capitame (P 100, 663) prepares 
the pure metal by heating tartar emetic in a 
closed crucible Bongartz (B 16, 1942) digests 
pure SbClj with (NHJ^SAq in Pt vessels, 
electrolyses, fuses with pure Na^CO,, treats with 
dilute HClAq, cleans with sea sand, and dries 
Cooke (P Am A [2] 6, 1) reduces NaSbO, by 
KCN, and fuses the Sb under SbjO, for several 
hours Pure crystalline bb may be obtained, 
according to Pfeifer {A 209, 161), by electrolysing 
a solution of SbClg in HClAq containing not 
more than 7 p o SbCl, Metallic antimony 
seems to have been known since the end of the 
15th century The sulphide was known to the 
ancients as Stibium 

Properties — Brittle, hard, silver white, meta> 
like , easily crystallised, isomorphous with As 
and Te, melts easily [425°] , volatilises at bright 
red heat in open vessel with simultaneous pro 
duction of Sb^Og , scarcely volatilises m absence 
of air , but slightly volatile in vacuo at 292° 
(Demarcay, C R 95, 183) , may be distilled in 
H at white beat Unchanged m air at ordmary 
temperatures , melted on charcoal before blow 
pipe and then exposed to stream of air, pure Sb 
bums easily to Sb .0* , if traces of lead or iron 
are present a yellow or reddish subhmate is 
produced on burnmg before blowpipe By 
electrolysis of SbCl, m HClAq, under special con 
ditions, a lustrous silver like deposit is obtamed 
on the negative electrode , this deposit when dry 
explodes when rubbed with a hard substanoo, 
or when heated to 200°, with formation of 
clouds of SbCl, t a similar change occurs when 
the deposit is heated under water to 76°, but at 
ordinary temperatures it may be rubbed 'with a 
hard body undar water without change. This 
80 called expioew antimony contains SbCl, 
iwrymg from 8 to 20 pe A similar sx* 
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plosive labBwnos is obtamod by electrolysing 
6bBr, in HBrAq, or Sbl, m HlAq , the former 
eontams 18 to 20 po Sb6r„ it explodes at 
1G0° , the latter contains 22 p c HI and 
also Sbl„ it explodes at 160° (Gore, Pr 9, 70 
and 304, %}nd C J [2] 1, 866, BSttger, J pr 
73, 484 , 107, 43) According to Bottger [C G 
1876 674) explosive anhrmny also contains 

occluded hydrogen 

The atomic weight of Sb has been deter 
mined (i ) by analysing and determining V D of 
certain gaseous compounds, particularly SbCl, 
and Sb(CH 3 ) 3 , (ii ) by measuring the 8 H of 
Sb , (lu ) by comparing isomorphous compounds 
of Sb, As, and Bi , (iv ) by analyses of Sb^S, 
(Schneider, P 98, 293), ShC\ (Weber, P 98, 
455 , Dexter, P 100, 663 , Dumas, C B 46, 
951, Kessler, P 95, 204, 113, 134), SbBr, 
and Sblj, and by Synthesis of Sb^S, (Cooke, 
P Am A [2] 6, 1 , 7, 251 , 9, 1 , P 13, 951) 
(comp also Kessler, B 12, 1044 , Schneider, 
J pr [2] 22, 131 , and Bongartz, J3 16, 1942) 
Some of the earlier determinations gave the 
number 122 , but the researches of Cooke have 
established the value 120 The atom of Sb is 
tnvalent m gaseous molecules, SbClg, Sb(CHi), 
Antimony combines with oxygen and chlorine 
with production of heat [Sb'’,0^ 3H''OJ = 167 ,420, 
[Sb^ 0 , 3H'0] = 228,780, [Sb, Cl’] = 91,390, 
[Sb, Cl"] = 104,870 {Th 2, 240) Antimony is 
oxidised by strong HNO,, or by heating with 
various metallic oxides, e g MnO_j, PbO , hot 
cono forms Sb 3SO^ , Sb combines with 

Cl or Br with production of light Pure Sb is 
unacted on by HClAq out of contact with air , 
m presence of a little HNOjAq solution pro 
ceeds rapidly (Cooke, P Am A [2] 5, 1) 
Antimony forms three oxides Sb^O,,, Sb 0^, and 
bb^Os, various compounds corresponding to the 
first and third are known Antimony is more 
metallic than arsenic, whether considered 
physically or chemically Hydrated antimo 
nious oxide, Sb^Oj, 3H^O( = Sb(OH) 3 ), is known, 
and reacts as a feeble base , if one third part of 
the H is replaced by K the remaining OH groups 
may be replaced by the residue of tartaric acid, 
with formation of Sb OK C^H^Og (v Antimoniods 
OXIDE, Reactions, No 4) Various compounds 
of SbPa with SOj (v Antimonious oxide, Be 
actions J No 3), and at least one with N^O^ 
are known A few unstable salts derived from 
the hypothetical hydrate SbO OH ( = Sbp, H O) 
are known, so that Sbp, acts both towards 
strong acids and strong alkahs as a feeble salt 
forming oxide thus [2HClAq, 2Sb^O’Aq] = 4,720 , 
whereas [2HClAq, 2Na*OAq] = 25.600 (Th 2, 
241) The thio antimonites are few in number and 
their stability is decidedly less than that of the 
thi n arsemtea The compounds of Sb which most 
decidedly exhibit negative or acidic functions are 
Bb .0* and Sb^Sj , the same holds good for As The 
haloid compounds of Sb form many well marked 
double salts Many oxyhaloid compounds are 
also known SbH, does not combine with 
acids, but compounds of the type SbK^X where 
and X is a halogen or even OH, 
have been prepared (v Antimont, Compounds 
WITH oBOAiixo BADKXBs) For further discos- 
non of the chemical relations of Sb, e Bismuth, 
ouKMioAL BSLiTioNS OF , and Nitboosn aaODT or 
BUEMHHIS. 


Reachons—l HaUr is not docompoto4 at 
ordinary temperatures by Sb , but at a red heat 
it reacts with steam to produce oxide of Sb and 
H — 2 Dilute ntirtc acid digested with finely 
powdered Sb forms a compound of Sb^O, with 
, stronger acid forms chiefly Sb^Oj^H^O 
and Sb^O, —3 Sulphurtcacid reactswith Sbonly 
when cone and hot , SOj is evolved, and a com 
pound, or compounds, of Sb^O, with SO, pro 
duced — 4 By the action of aqueous sulphurous 
amd at 200° in a closed tube Sb S, is produced 
6 Hydrochloric acid foims SbClj when heated 
with powdered Sb , in absence of air no action 
occurs (Cooke, P Am A [2] 6, 1) — C Aqua 
regia dissolves Sb forming SbClj —7 Solid 
phosphoric acid and carbon heated with Sb form 
phosphide of Sb — 8 Alkali nitrates and chlo- 
rates heated with Sb form alkali antimonates 
and generally also Sb^O, —9 Alkali sulphates 
form Sb S^, alkali sulphide, alkali antimonate, 
and Sb^O, 

Combinations — 1 With nascent hydrogen 
SbHg is formed (q v) — 2 With chloiine, 
bromine, or iodine, the compounds SbCl, and 
SbCl„ SbBra, and Sbl, are produced (q v) -- 
3 With fluorine (action of HFAq on Sb^O, 
and Sb.Oj 3H 0) SbF, and SbF^ are formed 
[q V ) — 4 Sb combines with oxygen to form 
Sb^Ofl and Sb 0^ (q v), Sb^, (q v) is pro- 
duced by the action of cone HNO* — 5 The 
sulphide Sb S, (q v ) may be obtained by heat 
ing Sb with sulphur , the pentasulphide Sb S, 
(q V ) IS best produced by decomposing NagSbS, 
by an acid — 6 Heated with selemon Sb^Sei 

15 formed as a greyish metal like solid (Berze 
hus , also Hofacker, A 107, 6 , v also Uelsmann, 
A 116, 124) Sb.Se, fused with Se and an alkoh 
forms alkali seleno antimonate (e g NagSbSe 4 ) , 
this compound is decomposed by acids, in 
absence of air, with ppn of brown SbjSej 
(Hofacker, I c) — 7 With tellurium (Oppen 
heim, / ^ 71, 277) Sb forms either iron grey 
SbTe, or tin white Sb^Te, (S G of latter 
12^ = 6 47-6 51 , Bodeker a Giesecke) — 

,8 Phosphorus is said to combine with Sb to 
form a tin white brittle phosphide contaimng 

16 5 p c P (Landgrebe, S 63, 469) By the 

action of P (in CS^) on SbBr, (in CSJ a red 
powder, PSb, is obtained (Macivor, B 6, 1362) — 
9 Sb combines with arsenic, by fusion under 
boric acid, to form crystalline Sb^s (Desoampe^, 
C R 86, 1065) The compound Sb^As, occurs 
native as allamontite — 10 Antimony forms 
alloys with many metals , they are usu^ly pro 
duced by melting together Sb and the specified 
metal The alloys with K and Na are produced by 
fusmg Sb with K^CO, (or Na^CO,) and C, or by 
reducing Bb.O, with KH at high tern 

peratures , they decompose water with evolution 
of H and separation of Sb , if containing much 
£ or Na they take fire in the air The alloys 
of Sb are usually lustrous, hard, and brittle 
The alloys with Cu and Sn will be described 
under those metals An alloy of tron is formed 
when Sb^S, is reduced with excess of Fe , a mix 
tore of 7 parts Sb and 8 parts Fe heated to white- 
ness in a charcoal lined crucible produces a very 
hard white alloy Gold loses its malleabihty 
by the presence of about of Sb Ltad 
alloys with Sb m all proportioiis , the lead ii 
hardened , type metal m mi al^oy cl aboi^t 
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17-20 parti Bb with lead and sometimes Bi or 
8 n (v Lead, alloys of) With nickel two alloys 
are known , NiSb sublimes m prisms , NL^Sb 
occurs as breithauptite containing a little Fe 
and PbS Two alloys with silter, Ag^Sb and 
Ag^Sb, occur native as antimonial silver With 
gi 7 ic at least t^o crystalline alloys of definite 
composition are known, SbZn, and SbZn 2 (Cooke* 
Am S [2J 18, 22 a , 20, 222) 

Many of these alloys are used in manufac 
tures Antimony compounds are also used in 
medicine 

Detection — Most Sb compounds are insoluble 
In water and m excess of cone HNOjAq, but 
many dissolve in HClAq, especially if tartaric 
acid IS added , insoluble compounds may be 
dissolved by fusion with KNO 3 and K^COg and 
treatment with HClAq, when Sb compounds 
are fused with NaNO, and NajCOj, NaSbO,, m 
soluble in water, is formed 

In dry way Heated on charcoal with NajCOg 
andKCN.all Sb compoundsyield a brittle lustrous 
metallic bead In the upper reduction flame of 
the Bunsen lamp, Sb compounds give a green 
colour to the flame , in the oxidation flame, a 
white oxide film is obtained (on porcelain) which, 
moistened with neutral AgNOjAq and then blown 
on with ammoniacal air, gives a black spot 
(Ag,0) 

In wot way I Antimomous com 
pounds (i ) Sulphuretted hyd) ogenpps orange 
red Sb^Sj from acidulated solutions, soluble m 
KOHAq or NaOHAq less soluble m NH,Aq, 
insoluble in NHjHCOgAq, soluble in K 2 S\q and 
(NHJ^SAq, insoluble in dilute acids, but dis 
solved by boiling with cone HClAq Dilute tai tar 
emetic solution is not ppd by H^S, the liquid tin ns 
red, cone solutions are completely ppd (Schulze, 
J w [2] 27 , 320) ( 11 ) Heated with gold chloride 
Bofution in presence of HClAq, Au is ppd along 
with Sb^Og (ill ) Caustic and cai bonated alkahs 
pp white Sb^Oj soluble m KOHAq and 
NaOHAq , the ppn is slow and incomplete m 
presence of tartaric acid (iv ) Zinc pps Sb as 
a black powder , m presence of acids and Pt 
the Sb IS deposited on the Pt, and a little SbHj 
IS also formed , the deposited Sb is insoluble in 
cold HClAq, but easily dissolves in HNOjAq 
(v ) Zinc and non powder, added to a solution of 
an antimomous compound in cone NH^ClAq con 
taming NH,Aq, ppt Sb on the Zn without pro 
Auction of any BbH, , under similar conditions 
arsemous compounds yield AsH, (vi ) Zinc and 
dilute H^SO^Aq, in absence of HNOjAq, evolve 
H, mixed with BbH„ which may be burnt m air 
with production of Sb, A, or decomposed by heat 
into Sb and H, or led into AgNO,Aq whereby 
silver antimonide is ppd mixed with Ag, or 
passed over S in sunshine whereby orange SbjS, 
Is formed (v Jones, C J [ 2 ] 14, 649 , this is a 
very dehcate test , 1 ; Marsh’s test for arsenic, 
under Absenio, Detection or) (vu ) Dissolved in 
KOHAq, and treated with silver nitrate, a brown 
black pp IS obtained, from which NHjAq re- 
moves AgjO, leaving black Ag^O 

II Anftmontc compound* — (i) BuD 
phuretted hydrogen pps. orange red SbjS. from 
acidulated solutions, soluble in KOHAq, m 
BU^gAq, in (NH 4 ) 2 SAq, and more slowly m 
KHgAq ^ 11 ) Eteated with hydrochloric acid 
md fo tasm m lodede^ Bbl, and I are formed 


(Sb^O. 4 * lOKIAq - 2SbI,Aq 5K^Aq + 41) As 
antimony tnoxide has no action on Kl, this re- 
action may be used to detect Sb O 3 in 8 b 0,. 
(ill ) Gold salts, chromates, and permanganates, 
are not reduced by antimonio compounds , nor 
IS AgNOjAq acted on (compare tests ( 11 ) and (vii ) 
for antimomous compounds) (iv) Towards 
zinc, or iron, and acids, antimomc compounds 
behave similarly to antimomous (v Antimonos 0 - 
ANTiMOMC oxide) Antimony tetroxide Sb^Oi 
gives the reactions both of Sb 0, and Sb^Oj , an 
alkaline solution reduces AgNO,Aq and AuCl,Aq 
slowly 

(I or details of procedure m cases of suspected 
poisoning by Sb compounds a manual of toxi- 
cology must be consulted, e g Taylor On Poisons, 
or Taylor’s Medical Jurisprudence ) 

Antimony may be separated (qualitatively) 
from tin and arsenic by tfeating the sulphides 
with cone (NHJHCOgAq, which dissolves only 
As Sj, then dissolving the SnS (or bnSJ and 
Sb^Sgin cone HClAq, boiling off H S, ppg Sb in 
one portion by Zn, reducing SnCl^ to SnCl^ in 
another poition bv boiling with Cu turnings, and 
ppg by HgCl^Aq , or the solution containing 
bbClj and SnCl^ may be diluted and boiled with 
a slight excess of iron wire whereby bb is ppd 
and SnCl^ is reduced to SnCl (Classen, J pi 9 ^, 
477) bb S 3 IS completely conveited into SbCl, 
by dry HCl at ordinary temperatures, whereas 
SnS IS unacted on (Tookey, J pr 88 , 435) A 
little As m Sb compounds may be detected hy 
fusing with 2 pts Na CO 3 and 4 pts NaNO,, and 
dissolving in water, NajAsO^ goes into solution 
and NaSbO, remains 

Estimation — I Gravimetric methods 
Antimomous compounds are ppd by H S in 
presence of HClAq and tartaiic acid, excess of 
H b 18 removed by CO^, the pp of Rb^S, is col 
lected (after boiling for 15-20 mms , Sharpies, 
Fr 10, 343), on a weighed filter, dried at 100® 
and weighed , a portion is then dried by heating 
in a stream of dry COj and again weighed , if a 
portion of the pp dried at 100° yields S on 
treatment with hot cone HClAq, the pp con- 
tains Sb^Sj or free S , in this case the other por 
tion must be heated in dry CO 2 until S is no 
longer volatilised , the residue is now pure Sb^S, 
(v also Cooke, P Am A 13, 1 , 17, 13) Or the 
pp of Sb^S, (perhaps mixed with Sb^Sj and S) 
may be converted into Sb^O^ by treatment with 
cone HNOgAq (for details v Bunsen, 106, 3) 
Schneider (P 110, 634) decomposes the Sb^S, by 
HClAq, leads the H^S into an alkaline solution 
and determines it by volumetric methods (iodine 
method, or ppn by excess of titrated As^OjAq 
and determination of excess of As^O, by iodine) 

n Volumetric methods ( 1 ) Antimo 
niouB compounds are oxidised to antimonio by 
lodme m alkalme solutions (Sb^O, + 41 + 2 H 2 O » 
Bb 205 + 4HI) NaHCOjAq is the best alkahue 
solution, titrated I solution is run in until a 
blue colour is produced with starch ( 11 ) Anti 
moniouB compounds are oxidised to antimonio 
m presence of tartanc acid, by KjMnjO, solution 
(attention must be paid to details, v Guyard, Bl 
o, 89] For other methods of estimating Bb, 

^ especially m presence of As, or of As and Sn v 
Bunsen, A 106. 8 , 192, 317, Clarke, Am, 8 (33 
49, 4a 

Reference* — In addition to those in the text, 
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Ifhe following older memoirs are important — 
Bergmann, Opusc 8, 164 , Th6nard, A Ch 82, 
267, Proust, Q A 25, 186, Berzelius, S 6, 
144 , 22, 69, 34, 68 , P 20, 365 , 37, 168 , Ber 
thier, A Ch [2] 22, 239 , 25, 379 , H Rose, P 
8, 441, 42, 532, 24, 165 . Vauquelm, S 21, 219 
Antimony, acids of, and their salts (compare 
arts Acids , Acids, basicity of , Hydroxides) 
The oxides and Sb 0^ are scarcely soluble in 
water, but each reddens moist blue litmus paper, 
tlie oxide Sb^O^ is slightly soluble in water, but 
18 without action on litmus A few feebly marked 
Balts are known which may be regarded as de 
rived from the hypothetical hjdrate Sbj,Oj HjO 
( = bbO OH) , two sodium salts, so called anti- 
monitesy aie obtained according to Terreil {A Ch 
[4J 7, 380) by dissolving Sb,0„ in boiling NaOHAq 
and allowing to cool [v infra) Two hydrates 
of Sb,0„ VIZ and Sb,0, 6H,0 have 

been obtained {v Antimonious oxide) , but 
neither seems to possess acidic properties The 
oxide Sb^Oa reacts with Na CO3 when the two 
are fused together, but on adding water Sb^Oa 
IS ppd and NaOH remains in solution The 
acid forming character of bb^Oy is theiefore ex 
tremely feeble {v further Antimonious oxide) i 
No hjdiate of Sb O4 is known, but by 
fusing this oxide with KOH or K^CO,, a com | 
pound, Sb^O^ K 0, insoluble m cold water, is 
pioduced, by dissolving this in hot water and - 
adding \arious metallic compounds, several 
compounds of Sb^O^ with metallic oxides, e g 
bb 0^ CaO and Sb^O^ CuO (which both occur 
native as romeiie and ammiolite respectively 
[? merely mixtures]) are obtained A solution 
of bb^O^ in KOHAq (obtained by fusion) is 
easily decomposed eg on boiling and then 
diluting bb Oj IS ppd and Sb 0^ ccH 0 is then 
thrown down on addition of acids , on standing 
in air, without boiling, KSbO, is produced The 
oxide Sb 0^ cannot therefore be regarded as a 
definite anhydude, nor can any acid, or well 
marked senes of salts, be said to exist corre 
spondmg with this oxide {v Antimony, oxides 
of) 

Three hydrates of antimonic oxide are known 
(v infra) bb H,0 (^HSbOs), Sb 2H O 
H^bb A), and SbA 8H 0 ( = H^SbOJ The 
first and thud may be obtained from 
H^Sb O7 2H O which is a product of the action 
of water on SbCl^ , dried over H SO^, H,SbO^ is 
obtained, and at higher temperatures HSbOj is 
produced {v Antimonates) Several fairly 
marked salts are known, antimonates, derived 
from HSbO,, two series of meianlimonates 
(M^Sbp and MA^baOj) exist {v infia ) , no 
salts of the hydrate Sb^j 3H 0 ( = H^SbO J have 
been obtained Antimonates are usually obtained 
by fusion , aqueous alkalis dissolve the hydrate 
Sb A HjO without change, some metantimonates 
are produced from the hydrate bb^O^ 2H2O by 
the action of alkahs m the wet way Antiraonio 
oxide IS evidently a feebly marked acid forming 
oxide The only defimte compounds of Sb 
hitherto obtained which exhibit aoidio characters 
are then HSbO, and H^Sb^O, 

The following thermal data are given by 
Thomsen [Sb*, 0% 3H^] - 167,420, 
[Sb, 0^H,H*0]- 117,890, [Bb*, 0*, SH^O]- 
228,780, [Sb, O*, H, H*0]- 146,570, 
[SbO*H*, 01-80,680 


I Antimonitss '^Two sodium salts are 
described by Terreil {A CK [4] 7, 880) 
NaSbO^ 3H^O, lustrous octahedral crystals, 
obtained by dissolving SbA boihng NaOHAq 
and allowing to cool , NaSbO Sb^Oj H O 
large crystals, insoluble in water, obtained fiom 
very concentrated alkaline solutions 

II Antimonoso antimonates — This name ha« 
been given to the compounds of Sb O4 with 
metallic oxides , it implies that these bodies are 
compounds of antimonites with antimonates; 
very little, however, is known of their propertieSr 
Two potassium salts K,0 Sb,0, (’KSbO, KSbO,), 
and K^O 2Sb^04 are said to be produced, the 
former by fusing Sbp^ with KOH or K CO, and 
washing with cold water, the latter by the action 
of a little HClAq on the foraier An aqueous 
solution (the salt dissolves in hot water) of 
K^O Sb^O^ 18 said to give pps with various 
metallic salts These salts might perhaps be 
regarded as derivatives of the hypothetical 
hydrates Sb^^ H 0 ( -H^Sb^J and 2SbP4 EL^O 
( =* H Sb^O„) , but our knowledge of them is 
almost nil 

III Antimonates, and Antimonic acids — 
Three hydrates of bb_jOj are known By ppg 
KSbO,Aq by HNO,Aq, washing the pp and 
leaving it for a whole summer, Geuther obtained 
the hydrate SbA ('*H,SbO,) {J pr [2} 
4, 438) at 176° this hydrate gives HSbO, 

-SbOjH.O) The hydrate Sb A 2H,0 

«= HjSb O7) IS obtained by adding hot water to 

bClj, and drying the pp of H^Sb^O^ 2HiO at 
100° , it IS also produced by decomposing the 
salts MjSbp, by acids this hydrate is easily 
decomposed to HSbO,, even by standing m 
contact with water (Dubrawa, A 186, 110, 
Conrad, C N 40, 197) HSbO, may also be 
obtained by decomposing MSbOj by acids, or by 
oxidising Sb by HNO3 The hydrate HSbO, is 
slightly soluble in water, insoluble in NHjAq, 
and easily soluble in KOHAq , H^Sb O7 is more 
soluble m water, and dissolves in both NH,Aq 
and KOHAq little is known of the hydrate 
SbA^AO The antimonates belong to the 
two types MSbOj, and M^Sb^O,, the former are 
usually called antimonates, the latter metanti- 
monates 

Antimonates investigated by Berzelius, 
then by Fremy {A Ch [3] 12, 499 , 22, 404), 
and by Heffter (P 86, 418 , 98, 293) These 
salts are obtained by fusing Sb or Sb^O, with 
nitrates, or HSbO, with carbonates, or by double 
decomposition from the K salts , aqueous alkalis 
dissolve HSbO, without change Some of the 
K and NH^ salts are soluble in water, the others 
are slightly soluble or insoluble The normal 
antimonates are converted into acid salts by the 
action of weak acids {eg CO^Aq), they are 
decomposed by stronger acids with separation of 
HSbO,, the antimonates are decomposed by 
fusion with NH^Cl, the whole of the Sb being 
volatihsed as SbCl, , those which are soluble m 
water or acids are decomposed by (NH4),SAq 
with production of thio antimonates 

Ammonium antimonaie NH4Sb0,.2H,0 ; 
white crystalhne powder, insoluble in water, 
easily decomposed with loss of NH[, obtained 
by diBSolvmg HSbO, m warm NH,Aq 

Barium antimonate Ba(SbO,), , obtained by 
adding BaCl^q to KSbO,Aqt pp at ia 
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llocculenl but becomes crystalline By adding 
BaCl^Aq to boiling NaSbO^q a flooculent pp 
of Ba(SbOa)*.6HjO (air dned) is obtained. 

Potassium antimonates — The normal salt 
KSbO, IS obtained by fusing 1 part Sb with 4 

S arts KNO„ and washing with hot water, it 
issolves after long boiling with water, and is 
obtained as a mass of white crystals when the 
solution 18 evaporated until a crust forms 
Another form of this salt is descnbed by Fremy 
as a gummy mass, obtained by evaporating the 
foregoing solution nearly to dryness, or more 
easily by long continued fusion, either alone or 
with KOH or KjCO,, of the product obtained by 
melting together 1 part Sb and 4 parts KNO, 
The gum hke salt dried in vacuo is 2KSbOj 6H O, 
it IS easily soluble in hot water , dried at 160° it 
leaves 2KSbOj3Hp which is changed to the 
gum like salt by boiling with water , at a red 
heat all the water is removed, and the product is 
gradually changed to the gum like salt by contact 
with hot water When the normal salt is boiled 


with water, a residue of 2KSbO, Sb O lOH O is 
obtained , and a similar salt with GHjO is pro 
duced b^ the action of COj on the normal salt 
(Heffter, P 86, 418 , t; also v Knorre a 
Olschewsky, B 18, 2653) 

Sodium antimonates — The salt 
2NaSbO, 7Hj.O is obtained similarly to the 
normal KSbO, , also in octahedra by the action 
of NaOH\q on Sb^Sj NaSbO, 3H^O is said to 
be formed by the action of NaOHAq on Sb S„ 
filtration, and addition of more NaOHAq (v also 
V Knorre a Olschewsky, B 18, 2363) 

Many other antimonates are described by 
Fremy and Heffter , the chief are the salts 
Ca{SbO,)„Oo(SbO,)„Cu(SbO,) 5H,0, Pb(Sb03)3, 
LiSbO,, Mg2Sb03l2H0, Hg(SbO,)2, 

Sr(Sb08)j 6H,0, Sn(SbOj,)^ 2H^O {v also Schiff, 
A 120, 47 , Unger, Ar Ph [2J 147, 193) 

Metantimonates These salts fall into two 
classes — normal salts M ,Sb 0 , and acid salts 
MjH^Sb^O, , they are formed from the antimo 
nates by addition of metallic oxide or water 
(2MSbO, + MjO = M,Sb,0, , and 2MSbO, -i- H,0 - 
MjfH^Sb 0,) , conversely the metantimonates lose 
M^O (or H^O) and form MSbO, The metanti 
monates as a class are insoluble in water, the 
alkali salts are crystalline , they are decomposed 
by acids , they have been chiefly investigated by 
Fremy (A Ch [3] 12. 499) 

Ammonium metantimonates — H^Sb^O, dis 
solves slowly in cold NH,Aq , a cone solution 
on addition of alcohol gives the acid salt 
(NHJ^H^SbjjO, SHjO , this salt is easily decom 
posed by heating, either in presence or absence 
of water, into (NHJSbO, The normal salt has 
not yet been isolated 

Potassium metantimonates — By fusing KSbO, 
^st the gum like salt) with about 3 parts KOH, 
oissolving in water, and cr3r8talli8ing, thie salt 
K^Sb^O, 18 obtained as deliquescent, easily sola 


ble, crystals The acid salt K^H^SbaO, GHjjO is 
producN^ by decomposing the normal salt by a 
little water (KOHAq is also produced), or by 
dissolving SbCl, m excess of KOHAq, oxidising 
by KaMn^O^Aq, and crystiJlising (Bevnoso, A 
CK [3] 23, 826) , at 200° the dehydrated salt 
KaHaSbjO, 18 obtamed, and at 800° KSbO, is 
formed The amd salt is slightly soluble in 
otdd water, moreeaalyin water at40°-60°, with 
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gradual production of the gum like ESbO^, an 
aqueous solution of this salt precipitates sodium 
salts Other metantimonates are descnbed by 
Fremy {I c) 

Seleno antimonates — A few salts are 
known, derived from the hypothetical seleno 
antimomc acid HjSbSe^ Na,SbSe, 9Hp forms 
orange red tetrahedral crystals, and is obtained 
by fusing Na COj, Sb^Sej, Se, and C , the salt 
Na,SbSjSe 9H.p is obtained as yellow tetrahe 
dral crystals by boiling NojSbS^Aq with So 
(Hofacker, A 107, 6) 

Antimony, alloys of, v Antimony, Combina^ 
tions, No 10 

Antimony, arsenide of, v Antimony, Combu 
nations, No 9 

Antimony, bromide of SbBr, No other 
bromide is known Mol w 359 28, [90° 94 °] 
(Serullas, P 14, 112) (276°-280 ) (Kopp, A 

94 257 , Cooke, P Am A [2] 6, 72) V D 180 
(Worcester, P Am A [2] 10, 61) SG 
4 148 (Cooke, Ic), fused '^'’° 3 641 (Kopp, I c ) 
If the vol of fused SbBrg = 1 for d° = 0°, then 
the vol at f° = 1 + 000576<i + 00000134b5r/S 
where d = f° — 90° (Kopp, Ic) HF solid bb, 
gaseous Br,[Sb,Br®] = 76,900 (Guntz, C R 101, 
161) 

Formation — 1 By shaking powdered Sb 
into a retort containing Br and connected with 
a condenser — 2 By distilling a mixture of Sb 
sulphate and KBr (Macivor, C N 29, 179) 

Preparation — 1 By adding powdered Sb to 
a solution of Br in dry CS at 0°, distilling off 
CSj, adding powdered Sb, distilling off the SbBr, 
and recrystallismg it fiomCS (Cooke, P Am A 
[2] 5, 72 , Nickl6s, C li 48, 837) 

Properties and Reactions — Deliquescent tri 
metric crystals , a b c~l 224 1 1 064 (Cooke, 
Ic) , sublimes when heated Decomposed by 
water, cold water produces Sb^OjBr^, hot water 
10Sb,O,Br, SbBr, (Macivor, C N 29, 1791 The 
compound Sb^O^Br^ is also produced by neating 
SbBr, with alcohol to 160° (Macivor, I c ) The 
action of air and sunlight on SbBr, in CS^ pro- 
duces an oxybromide, probably SbOBr (Cooke, P 
Am A [2] 5, 72) Combines with KCl to form 
SbBr, 3KCI, which according to Atkinson is identi 
cal with SbCl, 3KBr obtained by action of bbCl, 
on KBr in presence of a little water (C J 43,290) 

Antimony, chlorides of Sb and Cl combine 
directly to form two compounds SbCl, and 
SbClj , the former may be gasified, the latter is 
decomposed by heat at ordinary pressures into 
SbCl, + Clj (v infra) 

I Antimonious cbclokidb SbCl, Mol w 
226 11 [73° 2] (Thorpe, C J 87,887) (223 5°) 

(216°, Cooke, P Am A [2] 6, 72) S G 
2 6753 (Thorpe, Ic) S G 3 064 (Cooke, P 
Am A [2] 6, 72) VD115 6 V- 

1-f 0008054d+ 00001032d^ where d!«» degrees 
above M P (73 2°) (Thorpe, I c ) [Sb,Cl»] - 
91,390 (Thomsen) 

Formation — 1 By dissolving Sb.SbjOj, or 
SbjS,, m HClAq with a httle HNO,Aq, evapo 
rating, and then distillmg — 2 By the action of 
Cl on Sb,S, — 3 By distiUmg together 1 part 
powdered Sb with 2 parts HgCl^, or 3 parts 
Sb^S, with 7 parts HgCl, , or 1 part Sb2(SOJ, 
with 2 parts dry NaCL — i By distilling 2 pai^ 
Sb|0, (impure), with 6 parts dry NaCl, 4 parts 
E3SO,, and 2 parts and changing the 
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moeirer as soon as the distillate b^ins to solidify 
on ooohng 

Preparation — 1 By passing dry Cl into « 
retort containing powdered Sb, until most of 
the Sb le transformed into SbCl, , a little more 
Sb 18 then added, the stream of Cl is stopped, 
and the SbCl, is distilled off into a dry receiver 
Cooke (P Am A [2] 6, 72) saturates warm CSj 
with SbClj and cools by freezing mixture A 
solution of SbCl, m cone HClAq (generally pre 
pared by the action of the acid on Sb^S,) is used 
m pharmacy 

Piopeities — A colourless, translucent, crys 
talline, mass Melted and allowed partially to 
solidify, or dissolved in hot CSj and cooled, 
trimetnc crystals are obtained, a b c = 

1 26d 1 1 09 (Cooke, P Am A [2] 6, 72) Very 
caustic Soluble in, alcohol without change, 
on heating this solution oxychlorides of Sb 
{q V ), HCI, and C^HjCl, are formed It absorbs 
moisture from the air and forms a cleai liquid, 
from which crystals of SbCl, are obtained by 
standing over H^SOi 

Reactions — 1 Witht/afer various oxychlo 
rides are produced (SbCl, dissolves unchanged 
in a very little water at ordinary temperatures) , 
if a little cold water is added (about 2 parts to 
1 part SbCl,), and the pp is washed with ether, 
SbOCl [q v ) IS obtained (Peligot, A 64, 280 , 
Sabanajew, Bl [2J 16, 79) When from 6 to 60 
parts Hp are added to 1 part SbCl,, the com 
pound Sb^OjCl, (g n ) is obtained (Sabanajew, 
I c ) Other observations point to a varying 
composition for the product of the mutual action 
of SbCl, and Hp , by continued washing the 
whole of the Cl may be removed (u Duflos, S 
67, 268 , Johnston, J pr 6, 55 , Malaguti, J pr 
6, 253 , Peligot, A 64, 280 , Schneider, P 108, 
407, Schaffer, A 152,314) Thomsen (Th 2, 
240) gives these data [SbCl*,Aq] = 8,910 
when Sb^OjCl, is formed, and = 7,730 when 
Sb^jAq and HClAq are formed According to 
Williams {C N 24, 225) boiling water produces 
10SbjCl2O5 SbCl, Formation of oxychlorides is 
prevented by tartaric acid — 2 Antimonious 
oxide dissolves in boiling SbCl, to form oxychlo 
rides , SbOCl 7SbCl5 is described by Schneider 
(P 108, 407) — 3 Alcohol heated with SbCl, m 
proportion C^H^O SbCl, in a closed tube to 160° 
forms SbOCl , heated to 140° in the proportion 
8C H,0 SbCl,, Sb.O^Cl, is formed (Schaffer, A 
162, 314) — 4 Aqueous solution of sodium thw 
sulphate reacts on solution of SbCl, to form a 
double compound of Sb^O, and SbjSj, probably 
Sbp, Sb^S, (v Antimony, oxysuiphides or) — 6 
Boiling SbCl, dissolves powdered antimony tn 
sulphide, on cooling a crystalUne mass of sulpho 
chloride, SbSCl 7SbCl3, is obtained , on washing 
with alcohol 2SbSCL3Sb2S, remains (Schneider, 
P 108,407) 

Combinations — 1 With chlcn'ine, SbCl, la 
formed — 2 Ammonia forms SbCl, NH, which 
on warming gives off all its NH, — 3 By 
mixing cone solutions of SbCl, and alkaline 
thdjorides and evaporating, double salts are 
formed, e a 2NH,C1 SbCl, , 2(BaCi, SbCy 8H,0, 
8KC1 SbCl, , 8NaCl SbCl, With KBr the salt 
BbCl,-3KBr is formed identical with ShBr, 3KC1 
obtained by the action of KClAq on SbBr, (Atkin 
son, O J 43, 290) 

12 Axtoiokio cBLOBiDK SbCl, Mol w un 


known , vapour obtained by heating oonsista of 
SbCl, + C4 [-6°j (Kammerer, B 8, 507) SO. 
If 2 346 (Haagen, P 181, 117) (79° at 22 mm . 
b8° at 14 mm ) (Anschiltz a. Evans, C J 49, 
708) 

Preparation. — Powdered Sb is heated in a 
retort in a rapid stream of dry Cl , SbCl, 
(and Cl) distils over, and SbCl, remains Or 
melted SbCl, is saturated with Cl, and distilled 
in a stream of Cl (or under greatly diminished 
pressure, Anschiitz a Evans, C J 49, 708) 

Properties —Colourless, or slightly yellow, 
liquid, with an offensive smell, fuming in moist 
air , solidifies at a low temperature ( < - 6°) , 
absorbs moisture from air and changes to a 
crystalline mass According to Anschiitz a 
Evans (C J 49, 708) SbCl, may be distilled un* 
changed at low pressures 

Reactions —1 Dissolves m a very httle 
water , solution over H^SO, deposits crystals of 
SbCl, 4H2O Kept cold by ice, and water added 
drop by drop in proportion SbCl H 0, SbOCl, 
{q v) IB formed (Dubrawa, A 184, 118) Addition 
of more water produces SbO^Cl which is de 
composed by hot water, giving H^Sb^O, 2H2O, 
soluble in HClAq Decomposition by H,0 hin- 
dered by tartaric acid Thomsen ( Th 2, 242) gives 
the number [SbCP, Aq] =35,200, when Sb^O Aq 
and HClAq are formed — 2 Dry sulphuretUd hy- 
drogen produces white crystals of SbSCl,, which 
are decomposed by heat into SbCl, and S^Cl. 
(Cloez, J pr 51, 459) — 3 Heated in closed 
tube to 140° with antimonic oxide, 111 proportion 
SSbCl, SbO„ Sb,OCl„ and Sb,0,Cl, {q v) are 
produced (Williams, C J [2] 10, 122) — 4 With 
phosphorus trichloride (m CHCl,) reacts to form 
PCI, SbCl,, and SbCl, {v Combinations) — 6 Chlo 
nnates many carbon compounds, e g CHCl, to 
CCl4,C2H^to C^H^Cl^, <tc {v Chloro compounds) 

6 With nitrogen tetroxide forms SbCl, NOCl 
(Weber, P 123, 347) 

Combinations — 1 With ammonia forma 
brown SbCl, 6NH3 which may be sublimed un 
changed — 2 With hydrocyanic acid forms white 
crystals of SbCl, 3HCN, which volatilise with 
partial decomposition under 100°, and are de 
composed by H 0 (Klein, A 74, 85) —8 With 
gaseous cyanogen chloride forms SbCl, CN Cl 
(Klein, Ic) —4 Combines w ith some non metallio 
chlorides to form double compounds which 
usually deliquesce m air and are decomposed by 
beat , the more important are SbCl, PCI, (Weber, 
P 125, 78 , Kohler, B 13, 875) , SbCl, P0C1„ 
Sb01,SeCl^ and SbCl, SCI, (Weber, Zc), and 
SbCl,SeOCl2 (Weber, P 125, 825) —6 Also 
combines with C^H^PCl^ to form SbCl, 0,HjPOl4 
(Kdhler, B 13, 1626) — 6 Combines with various 
alcohols, and with ether (Williams, C J [2] 
15, 463) 

Antimony, flnondes of Sb^O, dissolves m 
HnPAq to form SbF, , SbjOj^H^O dissolves in 
HFAq to form SbF, Neither has been gasified, 
so that mol ws are unknown 

I Antimonious fluoride SbF, [abt 292°] 
(Camelley, C J 83, 276) 

Preparation — (Berzehus, P 1, 34, Dumas, 
A Ch [2] 81, 436 , Fliickiger, A 84, 248) — 

1 By dissolving Sb,0, in HFAq, evaporating at 
70°-90° and crystallising —2 By distilling Sb 
with HgF,. 

Pra^rtm —White, tnmetno, octahedral 
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deliquescent, soluble In H,0 without deoompo' 
Bition 

Reactions -1 Solution in water on evapo- 
ration yields an oxytiuonde (composition un 
known) — 2 Deliquesced SbF, pressed between 
paper gives 2 SbF 3 Sb^O, ( = 3SbOF SbFj), which 
IS decomposed by heating into SbF, and Sb^O, 

Combinations — With alkali fluorides to 
lorm double compounds, SbF, combining with 
MF, 2MF, or 3MF, where M = K, Na, Ac These 
compounds are best obtained by dissolving Sb^O, 
and M^CO, in the proper proportions in HFAq, 
and evaporating The principal compounds are 
BbF,2NH,F, SbF, 2KF, SbF,KF, SbF,2LiF, 
and SbF, 2NaF {v Fluckiger, A 84, 248) 

II Antimonic fluoride, SbF, Obtained by 
Berzelius, investigated more fully by Mangnao 
{A 145, 239) 

Preparation — By dissolvmg hydrated Sb^O, 
in HFAq, and evaporating 

Properties —A gum like amorphous mass, 
decomposed by heat, very slowly decomposed, in 
solution, by H^S 

Combinations — With the alkali fluorides to 
form double compounds, which are easily solu 
ble in water, crystallise badly, and ^leld oxy 
fluorides when evaporated in aqueous solutions, 
eg SbOF, NaF from SbF, 2NaF (Marignac, A 
145, 239) These solutions are very slowly de 
composed by H S, KOHAq, and K CO,Aq The 
more important compounds are SbF, NH,P, 
2(SbF, 2NH,F) ILO , SbF, KF, SbF, 2KF 2H,0, 
BbF,NaF 

Antimony, haloid compounds of SbF,, SbF, , 
SbCl„SbCl,, SbBr,, Sbl,, (’Sbl,) Only SbCl, 
has been gasified and V D determined , SbCl, 
IS decomposed by heat The formuloB of the 
trihaloid salts are probably molecular, v Anti 

MONY, FLUORIDES OF, CHLORIDES OF, BROMIDES OF, 
IODIDES OF , V also art Haloid compounds 

Antimony, hydride of {v also art Hidrides) 
SbHj {Antimoniurctted hydrogen , Stibine) 
Only one nydride of Sb, SbHg, is certainly known , 
and this has not been obtained except mixed with 
much H Marchand {J pr 34, 381) described a 
black powder obtained by electrolysing cone 
NH^ClAq with a rod of Sb as neg and a thick 
Pt wire as pos electrode When a powerful 
battery was used, gas came off which burnt in 
the air , the powder was supposed to be a solid 
hydride of Sb, and the gas a spontaneously in 
flammable hydride {v also Ruhland, S 15, 418) 
But Marchand ’b results were not confirmed by 
Bbttger (/ pr 68, 372), who obtained only the 
ordinary products of the electrolysis of NH^ClAq, 
viz H, NH„ and N chloride Wiedeihold (C C 
1864 995) described a graphite like powder ob 
tamed by the action of dilute HClAq on an alloy 
of 1 part Sb with 5 parts Zn , after drying at 100® 
this powder gave off 001 p o H at 200° (Sb^re 
quires 004) The gaseous hydride is almost cer 
tainly SbHj (u especially Jones, C J [2] 14, 647), 
but it has not yet been obtained free from H 

Preparation — By treating an alloy of 2 parts 
Zn and 1 part Sb (Capitaine, B J 20, 89), or d Zn 
and 2 Sb (Lassaigne, B J 22, 104), with dilute 
H^O^Aq Schiel (A 104, 223) decomposes an 
alloy of Sb with K with dilute HClAq Hum- 
pert (C C 1866 863) treats cone SbOl,Aq with 
Na amalgam Jones obtamed a gas oontainmg 
About 4 po SbH, by dropping oono, sointion 


of SbCl, in cone HClAq on to granulated Zn { 
the gas was partially decomposed as it was 
formed (C J [2J 14 641) 

Properties — A colourless gas, with nauseating 
smell and intensely disagieeable taste, slightly 
soluble in H 0 but decomposed by long contact 
into Sb and H , easily decomposed by heat , 
burns in air to Sb^O,, and H^O, or in limited 
supply of air to Sb, Sb^O^, and H^O , de 
composed by electric sparks into Sb and H 
The gas obtained by reacting on an alloy ol 
2 parts Sb with 3 parts Zn with dilute H SO,Aq, 
and collecting the first portions only, sohdifitd 
at —915°, and decomposed, with separation of 
Sb, between —65° and —56^ (Olszewski, M 7, 
371) 

Reactions — 1 With and heat, explo 

sion occurs and formatioi\ of Sb,Og and H^O, 
the same products aie obtained by burning in 
air — 2 Decomposed by chlorine bromine, or 
iodine, with formation of SbCl,, SbBr„ or 
Sbl,, passed through a hot tube containing a 
little I, an orange yellow or brown ring of Sbl, 
is formed (Husson, J pr 106, 314) — 3 Passed 
over sulphur in sunshine, or at temperatuies 
over 100°, orange coloured Sb S,is formed , very 
minute quantities of the gas may be thus de 
tected (2SbH3 + 6S = Sb S, + 3H,S) (Jones, C J 
[2] 14, 649) — 4 Decomposes sulphuretted hydro 
gen in sunshine forming Sb^S, ( 2 SbH 3 + 3H S =■ 
Sb S, 6H ) (Jones, I c ) — 6 With antimonious 
chloride, bband HCl are formed — 6 Easily oxi 
dised by nitric acid — 7 Decomposed by aqueous 
potash or soda with sepaiationof a black powder 
(?SbOH 3 or Sb^O, v Jones, Zc , also Dragen 
doiff, Fr 5 200) which is at once dissolved on 
shaking in air — 8 With aqueous silier nitrate 
the whole of the Sbis ppd (as Ag,Sb mixed with 
Ag, Lassaigne, B J 22, 104 , v also Jones, Ic) 
References — Thompson, B J 18, 135 , 
Pfaff, P 40, 339 , Simon, P 42, 369 , Vogel, 
J pr 13, 57 , Meissner a Hankel, J pr 25, 243 
Antimony, hydroxides of Several compounds 
of Sb H, and 0 are known , some of them are 
probably best regarded as hydrated oxides , 
others react as acids, especially HSbO, and 
H^bb O, , V Antimony, Acids of {v also arts. 
Acids and Hydroxides) 

Antimony, iodide of Sbl, Only one iodide 
of Sb is known with certainty, van der Espt 
{Ar Ph [2] 117, 115) asserts that Sbl, is pro 
duced by heating 1 part bb with 5 parts I, or 
by leading SbH, into I in alcohol, but as bbl, 
IS known to be produced by such processes the 
existence of the pentiodide is extremely doubtful 
(comp Pendleton, C N 48, 97) Mol w 499 62 
[167°j (Cooke, P Am A [2] 5, 72) (401° at 

760 mm ) (Cooke, P Am A [2] 7, 251) V D 
252 (Worcester, P Am A [2] 10, 61) 8 G 

hexagonal^® 4 848, monoclmic2i°4 768 (Cooke, 
Ic) HF solid Sb, gaseous I, [Sb, I*] *» 45,400 
(Guntz, C R 101, 161) 

Formation — 1 By the action of powdered Sb 
on I in CSj —2 By the action of SbH, on I 
8 By subliming together Sb^S, with 81 m A 
globe (Schneider, P 109, 609) 

Preparation — Powdered Sb is added httle 
by little to I, with gentle heating, until no farther 
action occurs, the Sbl, is then separated by 
sublimation m H or CO,. 

Properhee —Red crystals, which melt on 
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beating and Tolaiihse m red vapoura , soluble in 
boiling CSj, and boiling benzene, but separates 
out on cooling , almost insoluble in CHOI, , 
soluble in HIAq Exists in three forms 
(a) hexagonal ruby red crystals, by crystallisation 
from CSj, M P = 167°, a c = 1 1 37 , (b) trimetrio 
gieenish yellow crystals, by subliming the hexa 
gonal form at temperatures not above 1 14° , at 1 14° 
the change is sudden, the external form of the 
hexagonal crystals is preserved but each crystal 
is found to consist of a mass of trimetric crystals , 
heated above 114° the hexagonal form is re- 
produced , (c) monoclimc crystals (a b r == 
1 6408 1 6682) obtained by exposing a solution 
of Sbl, in CS^ to direct sunlight , at 12 S® they 
are changed into the hexagonal form (Cooke, 
F Am A [2] 6, 72) 

Reactions — 1 Water decomposes Sbl, with 
production of HIAq,*which dissolves part of the 
bblj, and oxyiodide of Sb (g v) — 2 Aqueous 
alkalis and alkali carbonates produce Sb O, and 
alkali iodide (Serullas, J Ph 14, 19) —3 Cone 
sulphuric acid or nitric acid separates I — 
4 Alcohol or ether paitly dissolves Sbl, and 
partly changes it to yellow oxyiodide (Macivor, 
C J [2] 14, 328) —6 ChloJine forms SbCl, and 
ICl (Macivor, I c) — 6 Antimony trisulphide 
reacts with molten Sbl, to form SbSI , this 
Bulphoiodide is obtained as a lustious brown red 
powder by treating the fused mass with dilute 
HClAq , it is decomposed by and KOH\q , 
boiled with H^O and ZnO the oxysulphide 
Sb OS2 IS formed (Schneider, P 110, 147) 

Combinations — Dissolves in aqueous solu 
tions of the iodides of the alkali metals^ on 
evaporation double compounds are obtained 

I hese compounds are soluble in HClAq, 

II C HjO^Aq, and Ho C^H,0«Aq , they are de 
composed by H^O yielding Sb oxyiodide CS dis 
solves out Sbig The following salts are described 
by Schaeffer {P 109, 611) 2Sbl3 3KI3HO, 

2Sbl3 SNal 12H2O , 4Sbl3 3NH J 9H O , 
Sbl^Bal^OH^O Nickles (C R 61, 1097) de 
scubes two seiies of compounds MI Sblj 2H O, 
and MI Sbl, HO where M = K, Na, or NH„ 
obtained usually by the action of I on Sb in 
presence of satuiated MIAq , these salts are 
isomorphous with coi responding double salts 
of Bi 

Antimony, livers of This name is applied 
to the impure double sulphides obtained by 
heating Sb S3 with vaiious metallic sulphides, 
more especially with the alkali and alkaline 
earth sulphides These bodies are obtained 
either by fusing Sb^S, with K^S, &c , with 
K^SOj &c and C, or by dissolving SbjS, in 
KoSAq, &Q The behaviour of aqueous solutions 
varies according to the relative quantities of 
SbjS, and alkali sulphide employed , if not more 
than 2 parts Sb^S, are used to 1 part alkali 
sulphide, the product is wholly soluble in watei , 
if more Sb S3 is used the product is partly, or 
wholly, insoluble (because of production of anti 
monate and Sb^O, v Antimonious sulphide. 
Reactions^ No 16) Solutions of these bodies 
dissolve SbjS, on boiling , the SbjS, pps again 
on cooling, they readily absorb 0 from the 
air, forming antimonate and thioantimonate 
{v Antimonious sulphide. Reactions^ No 16) 
Addition of alkali bioarbonatea pps thio 
antimonite. 

\oL i 


Antimon7, oxides of Three oxides are known 
Sb,Oa, Sb^O^, and Sb^O,, only the first of these 
has been gasified , the molecular weights of the 
others are not known The pentoxide acts as 
an anhydride, the two others are feebly salt 
forming whether they react with strong acids or 
strong alkalis {v Antimony, acids op) Marchand 
{J pr 34, 881) described an oxide, SbaO^ said 
to be obtained by the electrolysis of a solution 
of cream of tartar , but BSttger {J pr 68, 372) 
failed to obtain anything except antimonio acid 
by repeating the experiments 

I Antimonious oxide Sb^Og {Antimonioua 
acid) Mol w 676 76 S G trimetnc 6 6 to 6 6, 
regular octahedra 6 1 to 6 2 (Terreil, G R 58, 
1209) V D 286 6 (at abt 1550° , Meyer, B 12. 
1281) SH 0927 (18° to 100°, Neumann, P 
126, 123) C E (40° cub , Senarmontite) 
00006889 (Fizeau, 4 Ch [4] 8, 336) 

Occurrence — Native , as Antimony bloom in 
trimetnc prisms, as Senarmontite in octahedra 
Formation — 1 By heating Sb in a loosely 
co\eied crucible and then raising the tempera- 
ture when Sb^Og mixed with a little Sb sub 
limes on to the crucible cover — 2 By treating 
Sb with dilute HNOgAq and washing thoroughly 
with water and then with very dilute Na^COjAq 
(Ro^’e, P 53, 161) —3 By fusing Sb with KNO, 
and KHSO4 and boiling fused mass m water 
(Preuss, A 81, 197) — 4 By washing the white 
pp obtained by adding H 0 to SbClj with dilute 
kOHAq and then with H^O— 6 By adding 
excess of NH,Aq to hot KSb CjHjO^Aq, heating 
pp for a short time in contact with the liquid, 
collecting and washing 

Preparation —1 3 parts finely powdered Sb 
are heated with 7 parts cone the crude 

Sb sulphate istieated repeatedly with hot water, 
and then with veiy dilute Na^COgAq, and the 
oxide IS collected and dried — 2 1 part powdered 
Sb IS heated, so long as an action occurs, with 
4 parts HNO,Aq S G 1 2, and 8 parts H 0 , the 
nitiate of Sb is tieated as the sulphate in 1 
Pioperties — A white, more or less crystalline, 
powdei (regular octahedra) , very slightly soluble 
in watei, fairly soluble in glycerine (Kdhler, 
D P J 2d 8, 620) , becomes yellow when heated, 
but white again on cooling , melts at a dark 
red heat, and crystallises on cooling Volatihses 
rapidly about 1550° (Meyer, B 12, 1284) In- 
soluble in HNOgAq and H^SO^Aq , dissolvea 
easily m HClAq and C^H^O^Aq , also in 
KOHAq andNaOHAq, from these solutions Sb^O, 
13 ppd on cooling (Mitscherlich, A Ch [2J 33, 
394), but according to Teireil the pp is an 
antimonite (/I Ch [4] 7, 380) SbjOg is formed 
in trimetnc prisms (a 6 c =■ 394 1 1 414) by burn- 
ing Sb or Sb S3 in air, by heating oxychloride 
(obtained by adding H^O to SbCl,) with Hp to 
150° (Debray, C R 68, 1209), or by rapidly sub- 
liming the octahedral crystals (Terreil, C R 62, 
302) , SbjO, 18 formed in regular octahedra by 
subliming at a daik red heat Both forms are 
obtained by satuiating hot Na2C03Aq with SbjO, 
or SbCl, and allowing to cool (Mitscherlich, 
P 15, 453) , or by passing a slow stream of dry 
air through a porcelain tube containing Sb, the 
tube being heated at first only where the Sb 
18, but after a few hours also at the point where 
the pnsms might condense, after about 12 houra 
prismatic crystals are found near the Sb, pnema 
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mixed with Qctahedra further on, and octahedra 
only near the end of the tube (Terreil, Z c ) Sb,0, 
IB isodimorphous with As^O^, (q v ) According 
to Guntz (C R 98, 303) the change of prismatic 
Sb^O„ to octahedral is attended with production 
of 1200 gram units of heat per 676 grms Sb40a 
changed 

Reactions — 1 Heated in air or oxygen^ Sb204 
IB formed —2 Cone hot nitric acid oxidises to 
86^04 and Sb OsjitdissolvesincoZd/uwingrH^O, 
and forms Sb^Og (Peligot, C R 23, 709) — 

8 Treated with fuming sulphuric acid, small 
lustrous crystals are obtained, which, after dry 
mg for SIX months in contact with burnt clay 
have the composition &bj0^2S03, by treating 
these crystals with H^O the salt Sb^O,, SO, is 
obtained (Peligot, Ic) Schultz Sellao (B 4, 
13) describes the salt Sb 3SO, ( = Sb^O^ bSOj) as 
long lustrous needles obtained by evaporating 
solutions of Sb40a in faiily cone H2S04Aq , this 
Balt IB unchanged in dry air, but gives off SO, on 
heating, and is decomposed by water Sb (SO^)^ 
18 also foimed by dissolving Sb^Sy m hot cone 
H bO^Aq (Hensgen, R T C 4, 401) (u bun 
pHAiEs) — 4 Sb^O^ dissohes in solution of 
pot-assium hydiogcn tartrate, forming the salt 
C4H4KSb07, which is piobably the K salt of the 
acid Sb C^HjO^ OH (u Clarke and Stallo, B 13, 
1787) — 6 Sb404 acts as a reducing agent towards 
Balts of silver, gold, &c {v Antimony, dptic 
TiONOF, ^nZimonio^^s compounds) — 0 bb40a 
does not directly combine with water, but two 
hydrates have been prepared —{a) Sb 2H 0, 
by adding CuSO^Aq to bb b, dissolved in kOHAq 
until the filtered liquid gives a white pp 
(SbjOg 2H4O) on addition of an acid (Presenius , 
t? also Schatfner, A 51, 182) , (6) bb Oj, •ilH 0, a j 
white powder which begins to lose water above 
150°, obtained bj the spontaneous decomposition 
of an aqueous solution of tlie acid H C,H,bbO, 
obtained by decomposing (C^H^bbO,) Ba by the 
proper quantity of H bO^Aq (Clarke a Stallo, 
B 13,1793) — 7 Dissolves m boiling awfiwonmus 
chloride io form 0x3^ chlorides , SbOCl 7SbCl8 is 
described by Schneidei {P 108, 407) 

II Antimonic oxide Sb 0^ {Antirnonic acid) 
Mol w unknown B G 3 78 (Pia)fair a Joule, 
C S Mem 3, 83) 

Preparation — By dissolving powdered Sb 
in aqua regia, or cone HNO,Aq evaporating 
to dryness, and heating [not above 275°j (Geuther, 
J pr [2J 4, 438, Dubrawa, A 186, 110) 

Properties — Citron yellow powder , insoluble 
m water, but reddens moist blue litmus paper , 
loses 0 at 300° (Geuther, Z c ) giving Sb204 , 
Foluble in cone HClAq, slightly soluble in cone 
KOHAq 

Reactions — 1 Heated with antimony or 
antimony sulphide, SbgO, is formed — 2 Heated 
in chlorine, SbCl, and Sb204 are produced — 3 
Heated with ammonium chloride, is completely 
volatilised — 4 Beacts with alkaline carbonates 
on fusion, with evolution of COj {v further 
Antimony, detection op, Antimonic com- 
pounds) — 6 Hydrates are not produced by the 
direct action of water, but indirectly the three 
compounds, Sb^Oj 3H2O, SbjOs 2H2O, and 
Bb O4 HjO, have been obtained (u Antimony, 
ACIDS OF, Antimonatbs) Porms many com 
pounds with WO, and MoO, {v Gibba, G N 48, 
165 , Am, 7, 209 and 318)« 


III Avtimonoso antimonic oxidb Sb204 
{Antimony tetr oxide) Mol w unknown SG 
4 074 (Playfair a Joule, C S Mem 3, 83) , 6 5 
(Boullay, A Ch [2J 43, 266) S H (23°-99°; 
09535 (Regnault, A Ch [3] 1, 129) 

Occurrence — Native, as Antimony ochre 
Preparation — 1 By heating SbjOg in air — 

2 By oxidising Sb, 86404,, or Sb^Sg, by cone 
HNOjAq, evaporating to dryness, and strongly 
heating 

Properties — White powder, becoming yellow 
on heating , has not been melted or volatilised , 
insoluble in water, but reddens moist blue litmus 
paper , very slightly acted on by acids 

Reactions — 1 Heated with solution of cream 
of tar Zar,Sb205a?H20 remains and solution contains 
CjH^KSbO; — 2 Solution m HClAq diopped into 
water, is decomposed into 8640^ and Sb^O^ — 3 
Heated with antimony Sb^Og is formed — 4 
With molten potash forms K^O 86^04 {v 
Aniimony acids 01 , Antimonoso antimonates) , 
solution of this in water slowly reduces AgNO,Aq 
and AuClgAq Sb O4 leacts as a compound of 
bb O3 and Sb^O ( = 86408) , it is sometimes re 
garded as antimonyl antimonate (860)860,, 

I deiived fiom HSbOs 

Antimony, oxybromides of Two oxybromides 
are obtained by the action of H 0 on bbBij, viz 
Sb,0 Bi and 10Sb4O5Bi SbBfa, SbOBr is pro 
bably formed by the action of sunlight on BbBr, 
in C8 (u Aniimony, bromide of) 

Antimony, oxychlorides of At least six 
compounds are known , SbOCl, SbOCl 7bbCl3, 
bb.O^Clj, and lOSbjO Cl SbCl,, obtained from 
bbCl, bbO Cl, and SbOCl,, from SbCl, 

When bbClg is added to a little water, SbOcl 
I is obtained (sometimes mixed with SbClg) Tins 
oxychloride seems to exist either as a while 
amoiphous powdei, oi as monoclinic ciystals 
isoniorphous with bbOI (Cooke, P Am A [2J 5, 
72), the crystals aie best obtained by using 10 
pts SbClj and 17 pts H^O, allowing to stand 
for a da> or two, pressing and washing w th 
ether (Sabanajew, HZ [2] 16, 79) , the amoiphous 
powder is best piepared bj adding 3 pts H O to 
1 pt SbCl„ filtering at once, drying over H SO4, 
and washing with ether Crystalline bbOCl la 
also obtained by heating SbCl, with CgHyO (in 
latio bbClg C H„0) in a closed tube to IGO^ 
(Schaffer, A 162, 314) By the action of much 
water on SbClj (5 to 50 parts to 1 part SbCl, 
according to Sabanajew, I c) the oxychloride 
Sb40jCl2 IS obtained as an amoiphous powder, 
which becomes crystalline on standing lo pre 
pare the crystalline forms it is best to use 30 
parts of cold water, or 3 parts of water at 60° 
to 70° (m the latter case allowing the pp to 
remain a few hours before collecting) , there are 
some differences in the forms of the two sets of 
crystals (Sabanajew, Z c ) Crystals (trimetrio 
Schaffer, A 162, 314, monoclinic, Cooke, P Am 
A [2J 5, 72) of Sb405Cl2 are also obtained by 
heating SbCls with C^H^O (in ratio SbCl, SCgHgO) 
to 140°-160° (Schaffer, Z c ) The compound 
Sb405Cl2 18 also produced by the action of alcohol 
on SbOCl (Schneider, P 108, 407) , and also by 
heating dry SbOCl (6SbOCl = Sb404Cl2 f SbCl,. 
Sabanajew, Z c ) 

The product of the action of much HjO on 
SbCl, IS known as powder of Algaroth , the com 
position varies according to temperature, quan 
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fcity of water, and quantity of HCl in the solution 
of SbCl, used (comp Duflos, S 67 , 268 , John- 
ston, J pr 6,65, Malaguti,/ pr 6 , 253 , religot, 
A 64 280) 

According to Williams (G N 24, 224) the 
action of hot water on SbCl, produces 
lOSb^CljOs SbClg , Williams also describes two 
oxychlorides obtained by heatmg SbjO^ with 
SbClg (Sb^O^ SSbClg) to 140° in a closed tube , 
SbgOCl,, M P - 85°, and SbgO.Cl, M P = 97 5° 

Cooke (P Am A [2] 6, 72) describes another 
oxychloride SbgO,,Cl , and Schneider (P 108, 
407) two others, SbOCl 7SbCl, and 2SbOCl Sb O, 

According to Thomsen {Th 2, 240) the heat 
of formation of Sb^OgClg from SbClg and Aq is 
8910 gram units (v also Guntz, G E 98, 512) 
By dropping the calculated quantity of very cold 
water on to SbCl^ ^ubrawa {A 184, 118) ob 
tamed SbOClg (SbClg + H,0 = SbOClg + 2HC1) , 
this oxychloride is a yellowish, somewhat crys 
talline, mass, soluble in alcohol , it deliquesces to 
a yellow liquid, from which needle shaped crystals 
separate m dry air When heated it melts and 
decomposes (probably to SbOCl + CL) It is de 
composed by Na CO^Aq (2SbOCl3 + 3Na2C08Aq = 
6NaClAq + 20 + 300^ + Sb Og) 

Antimony, oxyfluonde of 3SbOF SbFg ob 
tamed by deliquescence of SbF, {v Antimony, 

TLDOUIDFS of) 

Antimony, oxyiodidea of 86405X2 and SbOI 
8640312 is obtained as light yellow crystals by 
evaporating a solution of SbClg 10 KIAq, adding 
H^O and evaporating again The composition 
of the oxyiodide obtained by the action of H O 
on Sbig varies according to the conditions of its 
preparation , by pouring Sbl, in HIAq into hot 
H^O, SbjO I is obtained {v Macivor, G J [2] 
14 328) By the action of air and sunlight on 
Slilj m CS both oxyiodides are formed, produc 
tion of SbOI proceeding rapidly (Cooke, P Am 
A [2] 5, 72) When SbOI is heated in a curient 
of an inert gas to 150°, SbIg begins to sublime, 
and at 200° is given off rapidly , no further 
change occurs till 350° is reached, when Sbl, 
again sublimes and crystals of Sb O3 remain 
(Cooke, P Am A [2] 5, 72) By the action of 
HClAq, HNOgAq, or H2S04Aq, on SbOI, I is 
separated 

Antimony, oxy sulphides of Various oxy 
sulphides of Sb, or more probably mixtures 
of Sb^Sg and SbgOg, were formerly used in phar 
macy The compound Sb O, 2Sb S, occurs 
native as antimony blende {v H Eose, P 3, 452) 
The oxysulphide SbpSj is obtained as a red 
brown powder by boiling SbSI {v Antimony, 
loxiDE of) with ZnO and H^O (Schneider, P 
110, 147) , also by the action of NajS^OgAq on 
SbClg in HClAq (Bottger, C C 1857 333) A 
compound of 86282 and 86203 is much used as 
a brilliant crimson red pigment , it is probably 
Sb20g 286283 (= SSbjOSj), {v Bottger, fc, 
Wagner, J 1858 235 , Kopp, G G 1859 945) 

Antimony, phosphides of, v Antimony, Com 
hinations. No 8 

Antimony, selenides of, v Antimony, Com 

binations, No 6 

Antimony, seleno-aoid of, v Ssleno antx- 
MONATBS, p 286 

Antimony, inlphides of Two sulphides are 
known, SbgS, and 86285, neither has been 
gasified, and therefore mol w of neither is 


known Unger {Ar Ph [2] 147, 193) supposed 
he had obtained a disulphide, Sb2S2, by the 
action of NaOHAq on Sb Sg, but the existence 
of this SbjSj IB very doubtful 86283 is a feebly 
marked salt forming sulphide, e g it dissolves in 
NaOHAq to form Na 86284 {v Antimony, thio- 
AciDs or) Sb 85 IS a distinctly salt forming 
sulphide , the thio antimonates {q v ) are well 
marked salts The trisulphide, 8628,, occurs 
native , the pentasulphide does not 

I Antimonious sulphide {Antimony trisul 
phidCj Mineral Kermes, &c ) 86283 [low red heat] 
S G [stibnite) 4 51-4 75 , (amorphous) 4 15 , 
(fused, by direct union of Sb and 8) 4 892 (Ditte, 
C E 102, 212) S H (23°-99°) 08433 (Begnault, 
A Ch [3] 1, 129 , V also Neumann, P 23, 1) 
Two forms are known , crystallised (trimetrio , 
a b c = 985 1 1 0117) and amorphous 

Occurrence — Native as btibniteov Antimony 
glance, crystallised in trimetric prisms, usually 
containing P, As, Fe, and Cu 

Pi eparation — (a) Crystallised by gradu 
ally heating to redness, in a covered crucible, a 
mixture of 13 parts of finely powdpred Sb well 
mixed with 5 paits pure S , then fusing for some 
time under a layer of NaCl , cooling, powdering, 
mixing with a little S, and again fusing under 
NaCl (b) Amorphous by boiling 4 paits 
KOHAq S G 125, and 12 parts HjO, with one 
pait crude 8628,, out of contact with air foi some 
time adding 50 parts boiling H2O, filtering 
quickly, and decomposing the solution by dilute 
H ■>04Aq, the pp is collected, boiled with veiy 
dilute H SO ,Aq, washed with cold water, digested 
with aqueous taitanc acid (to remove any 86203), 
again washed with cold water, pressed, and 
di led at a low temperature Cooke (P Am A 
[2J 5, 1) dissolves Sb in large excess of HNOgAq 
(SGI 35), keeping the temperatuie as low as 
possible, neutralises with NaOHAq, dissolves m 
laige excess of II C4H40„Aq, pps by HjS in an 
atmosphere of CO2, collects and washes pp and 
dues below 210° Ihe amoiphous sulphide is 
also pioduced by melting crystalline 86283 in a 
glass tube, and after a time throwing it into a 
large quantity of cold water (Fuchs, P 31, 678) 
An impure Sb Sg, containing 8620,, known as 
Ke>mts,iB piepared for commeicial purposes by 
heating crude antimony sulphide with aqueous 
alkalis or alkaline carbonates 

Properties — {a} Crystalline grey black 
trimetric prisms, melts easily (6) Amorphous 
prepared by ppn , is a reddish brown, loose, 
powder which marks paper with a brownish 
streak , prepared by melting and suddenly cooling 
the crystalline Sb S„ it is a hard greyish mass , 
melted and cooled slowly it yields the crystalline 
form , heated to 210°-220° it becomes grey 
(Cooke, P Am A [2] 6, 1) Both foims of 
SbgS, are insoluble in water, and in NHjAq, 
dissolve m KOHAq, in HClAq, and very slowly 
in tartaric acid They may be distilled un- 
changed in a stream of N 

Eeactions — The products of the reactions of 
crystalline and amorphous SbgS, are, in almost 
every case, the same, the actions usually proceed 
more rapidly with the amorphous than with the 
crystalline form 1 Boiled with water^ is par- 
tially decomposed to 86403 and HjS (De Cler- 
mont a Frommel, C E 87, 830 , Lang, B 18, 
2714) — 2 . Heated in hydrogen^ Sb is formed — 
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8 Calcined in air Sbp„, or Sb O4, and SOj are 
produced — 4 Heated m chlorine, SbCl, and 
SjOl, result — 6 Aqueous hydrochloric acid 
forms SbCl, and H28 , after a time the action 
slops, but if the HjS is removed the whole of 
the Sb^S, IS decomposed (1; Lang, B 18, 2714, 
also Berthelot, C R 102, 22) — 6 Cone nitric 
acid oxidises to nitrate and sulphate of Sb mixed 
with S — 7 Aqiia regia forms SbCl,, H2SO4, and 
S — 8 Dilute solutions of sulphuric acid have no 
action on crystalline Sb^Sg, but slowly evolve H^S 
from amorphous SbjSg , cone H2S04Aq evolves 
SO2, separates S, and forms Sb2(S04), (Hensgen, 
li T C 4 401) — 9 Fused with at least 17 parts 
nitre, KSbO, is formed, with Sb sulphate , with 
less than 17 parts nitre, Sb O3 is sometimes 
formed in addition to the other products, or a 
part of the Sb Sj remains unoxidised and com 
bines with K^S formed to produce a thio salt — 
10 Melted with excess of lead oxide, Sb^Og, SOj, 
(andPb), areformed — 11 Melted with pofassium 
cyanide, Sb is produced, along with KCNS and 
a compound of Sb^S^ and K S — 12 Iron, zinc, 
and many other metals reduce Sb^S,, when 
heated with it, forming Sb and a metallic sul 
phide , metals whose sulphides are basic {e q K) 
generally combine with part of the Sb^Sg to form 
thio salts — 13 Manv ea’^ily reduced metallic 
oxides when heated with Sb Sg form Sb O4 and 
SO — 14 M&ny inetallic sulpliidi^ comhme'when 
heated with Sb^S, with product on of double 
compounds , several of these double compounds 
occur native, e g Sb^Sg PbS , Sb S3 Cu^S , 
Sb Sg SAg^S , &c — 15 Alkali Hidpyhidescomhme 
with Sb;S, either when heated in the solid state 
or in solution, the compounds pioduced are 
generally known as liteis of antimony, q v 
{v also next reaction) , aqueous solutions of 
these compounds absorb 0 forming Sb,0,. anti 
monates, and thio antimonatcs — lb Caustic 
alkalis react with bb^S,, when fused together or 
when in aqueous solutions, toproduce antimonite 
and thio antimonite thus, ISbjS, + 4X^0 = 
GKSbSj + 2KSb02 , or 4Sb2S3 + SKOHAq - 
3(Sb Sg K^SAq) [ = GKSbS^Aq] + Sb O, K OAq 
[^2KSb02Aq]4-4H20 Addition of HClAq to 
this solution pps Sb^Sg , 

(bKSbSjAq + 2KSbO Aq + SHClAq = 
dSb^Sj + SKClAq -f 4H2O) If, however, much 
Sb^Sg, relatively to the amount of KOH, is used, 
formation of KSbS Aq proceeds, but the KSbOj 
being much less soluble pps along with some 
oxysulphide and Sb^Og which has not combined 
with KOH {crocus of antimony) The solution 
of KSbSo 18 acted on by air, giving finally an 
timonate and thio antimonate (GKSbS^Aq + 60 = 
dKSbSgAq + 2KSb08Aq) — 17 Solutions of car 
bonated alkalis, K2C!Og and NajCOgAq, dissolve 
Sb^S, only on heating , the solutions behave 
similarly to those obtained by KOHAq and 
NaOHAq, on boiling in air a pp of KSbO, 
(Sb^Oj KjO) combined with Sb2Sg is obtained 
(Kermes), and KSbSg remains in solution When 
1 pt Sb^Sg IS fused ata strongred heat with 8 pts 
NajCO,, and H^O is added, a solution contain- 
ing antimonate and thio antimonate is obtained, 
and Sb is ppd (probably, 10NaSbO2Aq + 2H2O 
GNaSbOgAq + 4NaOHAq + 4Sb) The action 
of alkalis on SbgSg has been chiefly investigated 
by Liebig {A 7, 1) 

ConiHnatuma — With metallic sulphides to 


form thio antimonites (v supra), q v under Anti* 

MONY, THIO ACIDS OF 

Antimonious sulphide , hydrated 
The orange red pp obtained by passing H^S 
into a solution of SbClg or C^H^KSbO, containing 
little acid 18 amorphous hydrated Sb Sg, which 
IS fully dehydrated only at 200° (Fresenius , ac 
cording to Wittstem the pp contains no chemi 
cally combined H^O, 1870 262) It beha^e3 
towards acids, alkalis, &c in the same way as 
amorphous Sb Sg When this pp is treated with 
peroxide of hydrogen, in presence of TsHgAq, a 
portion of it 18 oxidised to antimonic acid some 
of which separates out and some remains in 
solution as NH^ SbOg (Raschig, B 18, 2743) 

II Antimonic sulphide Sb^Sj {Antimony 
pentasulphide or persulphide. Golden sulphuret 
of antimony, Ac ) Mol unknown Not 
found native Sb Sg does not diiectly combine 
with S, but by heating 86283,8, and Na^CO, 
together, NagSbS, is formed, fiom which Sb^Sg is 
obtained bj the action of acids 

Formation —1 B\ the action of H 8 on 
SbClg in H C^H^O^^q or on Sb^Og sus 

pended in water — 2 Bv decomposing solutions 
of thio antimonates b-y dilute aciu 

Picparatwn —10 paits crystallised 
Naj&bS^ 9H O {q v under Antimony, thio acids 
of) are dissolved in 60 parts H 0 , the solution 
is poured (with constant stirring) into a cold 
solution of 3 3 parts pure H &O4 in 100 parts 
H O the pp is washed bj decantation, then on 
a filter, with cold water, as qiiickl} as possible , 
to remo\e all tiaces of acid the pp is now di 
gested wrth a cold solution of 1 part IsaHCO, in 
20 paits H 0 for a few davs, it is again washed 
then piessed and dried in a dark place at a low 
temperature 

Properties — A dark orange powder, insoluble 
in water , completely soluble in aqueous alkalis , 
in absence of air soluble in NH,Aq and in 
aqueous alkali sulphides soluble in Na^COg or 
K^COgAq, not in (NH^) COgAq 

Reactions — 1 Heated out of contact with 
air, 86383 and 8 are formed — 2 Decomposed 
by boiling with hydrochloric acid, giving SbCl, 
andH S — 3 CawsficaZA:aZis dissolve Sb^Sg, form 
ing antimonate and thio antimonate — 4 Car 
bon disulphide dissolves out a little S (about 5 
p c , Bammelsberg, P 62, 193) That this is due 
to a decomposition of Sb Sg, and not to the 
action of CS2 on admixed 8 (it has been supposed 
that the action of CSj proves the non existence 
of SbjSg), IS shown by the fact that much less 
than 82 is withdrawn from ea,ch Sb^Sg by CS^, 
and also by the reactions of the SbjS , especially 
the solubility in NHgAq in which &b 8, is in 
soluble, and the insolubility m (NH4)2COgAq 
which dissolves SbjS, 

Combinations — With alkali sulphides to form 
thio antimonates, q v under Antimony, thio- 
AciDS or 

Antimony, snlpho-acids of, v Antimony, thio 

i.Cn>B OF 

Antimony, snlpho- (or thio)- chlorides of 
SbSCUSbClg, and 2SbgCl Sb^S,, obtained by 
action of SbjSg on 8bCl„ a«d SbSCl, obtained by 
the action of H,S on SbCl* (v Antimony, enno* 
BIDES of) 



ANTIMONY 


293 


Antimony, tnlpho* (or thio) iodides of 
EbSI, by action of Sb^S, on bblj, or of I on 
Bb^S, {v Antimony, iodide of) 

Antimony, tellnndes of, v Antimony, Com 

bvnations, No 7 

Antimony, thio acids cf No thio acids of Sb 
are known, but a few thio antimonites, MSbSj 
and one M,SbSg, and a considerable number of 
well marked thio antimonates, MjSbS^, have been 
prepared The thio antimonites may be regarded 
as derived from the hypothetical acid HSbS^ 
( = SbS SH) , tney correspond in composition with 
the antimonites MSbO^ and with the meta thio 
arsenites MAsS^ The thio antimonates may be 
regarded as derived fiom the hypothetical acid 
HgSbS^ ( = SbS(SH)3), nc corresponding anti 
monates are known (MSbOj and M^SbjO repre 
sent the antimonates) r, the thio arsenites are re 
presented bv three series, one of which (the ortho 
senes) corresponds with the thio antimonates 

Tiiio ANTIMONITES A Very few of these salts 
have been prepaied Adaition of absolute 
alcohol to a solution of Sb^jS, in NaOHAq pps 
amorphous NabbS , soluble in water By heat 
mg to 30° equivalents of Sb^Sg and NaOH 
(in cone solution) copper coloured 2NaSbS Hp 
IS formed (Unger, J 1871 325) The silver 
salt AggSbSj IS said to be obtained as a grey 
mass reddish when powdered, by heating 
Ag,SbS4 out of contact with air (Rammels 
berg, P 52, 193) Several minerals may be 
regarded as thio antimonites, e g PbS Sb S, , 
AgjS Sb S, , Cu^S Sb S3 , FeS Sb S, &c 

Thio antimonates M^SbS^ Investigated 
chiefly by Rammelsberg (P 52, 193) Some of 
these salts are obtained by the action of alkali 
sulphides on Sb S5 , but they are better obtained 
by acting on Sb^S, with aqueous solutions of 
alkali sulphides in presence of sulphur, or with 
aqueous solutions of alkali polysulphides They 
are also obtained by fusing SbjSj with alkali 
sulphides (or with sulphates and carbon) and 
sulphur The decomposition, in air, of alkaline 
livers of antimony also often yields thio antimo 
nates (v Antimonious sulphide. Reactions, No 
15 and 16) The thio antimonates of the alkali 
metals are soluble in water, many of the others are 
insoluble and are obtained from the alkali salts 
by ordinary double decompositions, the metallic 
salt solution being added in quantity less than 
sufficient to decompose the whole of the alkali 
thio antimonate Solutions of thio antimonates 
are easily decomposed by acids, even by the 
CO2 of the air, with ppn of Sb^S,, and, when 
exposed to air, of alkali thio sulphate The 
alkali thio antimonates are not decomposed by 
heating out of contact with air , the salts of the 
heavy metals lose S, and give thio antimonites 
The more important thio antimonates are those 
of potassium and sodium 

Potassium thio antimonate 2KgSbS4 9H3O , 
shghtly yellow deliquescent crystals , prepared 
by boihng, for several hours, 1 part S, 6 parts 
;^CO„ 8 parts CaO, and 20 parts HjO, with 11 parts 
SbjS,, filtering, and cooling out of contact with 
air A salt I^SbS^ KSbO, 6H3O is obtained, in 
long white needles, by adding cold cone KOHAq 
to SbjSg, filtering from 2KH(SbO,)2 SH^O which 
separates out, and evaporating (u Schiff, A 
114, 202) 

Sodium thio antimonate Na5,SbS4 9H.,0 


(known as Schhppe's salt) Prepared by fusing 
together 16 parts dry Na^SO^, 18 parts SbjS„ 
and 4-5 parts wood charcoal, dissolving in 
water, boiling with 2} parts sulphur, falter 
mg and evaporating , the crystals are washed 
with very dilute NaOHAq and then with water, 
and dried quickly at a low temperature The 
salt may also be prepared by boiling Na^COjAq 
with CaO, SbjSs, and S Sodium thioantimonate 
forms large yellowish monometrio tetrahedra , 
it dissolves in 2 9 parts H2O at 16°, the solution 
has an alkaline reaction The crystals are best 
kept in contact with then mother liquor to 
which a little NaOHAq is added , they decom 
pose in air, giving Sb^Sj, Sb^S^, Na S, Na^CO^, 
and Na^SjOg When the mother liquor from 
Schhppe’s salt is evapoiated, crystals of a double 
salt NagSbS^ Na^S^Og 20H 0 are obtained Solu 
tion of tartar emetic is decomposed by NagSbS^Aq 
thus, bC^H^KSbO^Aq-f 2\a,SbS,Aq = 

6C,H,KNaO, -f Sb,0„ + Sb^S, -f Sb,Sg 
The other thio antimonates are generally obtained 
from the sodium salt the best marked are 
Ba^(SbS4)2 6H2O , Cu3(SbS4)2 , Pbj(SbS4)2 , 
Hg3(SbS4)2 , AggSbS^ , a few others are known 
{e g of Cd, Co, Mn, Ni, V, Zn) but they are very 
easily decomposed, and not many have been 
obtained in definite forms M M P M 

ANTIMONY, Compounds with organic 
radicles 

References e. Schweizer, ^ 76,816, 
Landolt, J pr 62, 385, 57, 134, 84, 880, 
A 78, 91, 84, 44, Buckton, C J 18, 116, 
16, 17, Lowig,^ 88,323, 97,322, C J 8,261, 
Berl6, J pr 66, 385 , Scheibler, J pr 64, 505 , 
Friedlander, J pr 70, 449 , Cramer, Pharm 
Cent 1855,465, Hofmann, ^4 103,357, Strecker, 
A 105, 30b, v Hath, P 110, 116, Jorgessen, 
J pr [2] 3, 342 , Le Bel, Bl [2] 27, 444 , 
Michaelis a Reese, A 233, 42 

Tn methyl-stibine SbMe, Mol w 167 
(81°) S G A5 1 523 

Preparation — An alloy of antimony (4 pts ) 
and sodium (1 pt ) is mixed with sand and Mel 
and distilled Mel and ShMe, pass over but 
unite in the receiver to form SbMe,!, which when 
distilled with an alloy of antimony and potas 
Slum in a current of CO2 gives SbMeg (Landolt) 

Propel ties — Liquid, smelling of onions, si 
sol water , may take fare in air Takes fire in 
chlorine Reduces salts of silver and mcicury 

Salts— Unites directly with non metals — 
SbMegClj hexagonal crystals, si soluble in 
water Formed also from SbCl, and HgMe^. — 
SbMegC^SbMegO octahedra, sol water — 
SbMegBrj — SbMe8Br2,SbMegO octahedra, sol 
water — SbMejIj formed by heating Sb with 
Mel at 140° — SbMegljjSbMegO octahedra — 
SbMegS scales — SbMeg(N08)2 — SbMegSO^ 

Tetra-methyl stibomum salts SbMeJ S 80 
at 23° From SbMe, and Mel six sided plates 
When distilled the vapour (SbMe, + Mel) takes 
fire in air — SbMe^ OH from moist AgjO and the 
above Deliquescent alkaline crystals absorbs 
CO2 fi om air, and expels NH, from its salts Pps 
baryta from Bal,, also the hydrates of Pb, Ca, 
Cu, Hg, Ag, and Zn , only the last pp is soluble 
in excess — SbMe, Cl very soluble hexagonal 
plates , v si sol ether — (SbMe,Cl)2PtCl, 
difficultly soluble orange powder , si sol water, 
insol alcohol and ether — bbMe,Br — (SbMeJ^S 
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ioluble green powder, oxidises rapidly — 
SbMe^NOg [ISO*^] crystals, v sol water, not 
decomposed by boiling concentrated HjSO^ — 
SbMe,SO,H soluble plates — (SbMeJ^SO, 6aq 
Di methyl stibine sulphides (SbMe^)^S3 
[c 100°] and (SbMe^)28 are formed by passing 
H2S into an ethereal solution of ShMe, that has 
been oxidised by exposure to air 

Antimony penta-methide SbMe (c 98°) 
Formed together with antimony tetra methide, 
(SbMeJj fc 90^), by distilling trimethyl stibine 
iodide with ZnMe^ Both are oils which do not 
fume in air 

Methyl-tn-ethyl-stibonlum salts SbMcEtgl 
S 50 at 20° From SbEtg and Mel Glassy 
prisms, sol alcohol, insol ether , the solutions 
are laivorotatory HgCl gives a precipitate of 
SbEtgMel — SbMcEt OH , from moist 

Ag^O and the iodide, or from the sulphate and 
baryta Pps metallic salts the hydrates of 
zmc and aluminium dissolving in excess — 
SbMeLtgCl small needles — SbMeEtJHgl — 
(SbMeEtj)2C03 amorphous — (SbMeEt^) SO4 
[100°], deliquescent, shining, bitter crystals — 
(SbMeEt,) C/)^ glassy needles, m sol water — 
SbMeEtgC^O^H needles v sol vvatei - The 
acetate^ formate, and butyrate are crystalline 
Tn-ethyl-stibine SbEtg Mol w 209 (159°) 
B G 1 324 V D 7 44 (calc 7 18) 

Formation — 1 Fiom SbClg and ZnEt^ — 
2 From EtI and a mixture of sand with an 
alloy of Sb and potassium — 3 From SbCl^ and 
HgEtj — 4 By distilling SbEtgl^ with Zn 

Properties — Oil, smelling of garlic, v sol 
alcohol and ether Takes hre in air , hence it 
should be kept under water Decomposes fuming 
hydrochloric acid with evolution of hydiogen 
SbEt3 + 2HCl = SbEtgCl -fH When slowly 
oxidised it forms SbEtjO and SbEtj(SbO ) 
Combines directly with S, Se, I, Br, and Cl 
Dilute HNO, dissolves it, giving off NO and 
foiming SbEtj(NO,) In all these reactions 
tri ethyl stibine behaves like a metal An 
alcoholic solution of SbEt, shaken with HgO 
liberates Hg while SbEtgO remains m the 
solution 

Tri ethyl stibine oxide SbEt^O 
Formation — 1 From SbEtjIj and Ag20 — 
2 From SbEtjSO^ and baryta — 3 By slow 
oxidation of an alcoholic or ethereal solution of 
SbEtg , SbEt3(SbOj2 is foimed at the same time, 
but this differs from SbEt,0 in being insol 
ether — 4 By shaking alcoholic SbEtg with HgO 
Properties — A syrup, v sol water and 
alcohol, m sol ether , combines with acids and 
precipitates metals as hydrates from solutions 
of their salts If its aqueous solution is free 
fiom SbEtj(Sb02)2, no pp is produced byK^S, 
otherwise a pp of SbEt,(SbS2)2 is formed 
JPotassium converts it into SbEtj 
Tri ethyl stibine salts 
Chloride — SbEtgC^ S G 1 640 Oil, 
Boluble in alcohol Ppd by adding HCl to 
an aqueous solution of the iodide or sulphate 
Cone HjSO^ decomposes it, giving off HCl 

Oxy-chloride - SbEtgCl^.SbEtgO From 
the oxy iodide and HgCl Deliquescent solid 
Bromide — SbEtgBr^ &Q ^ 1953 

Bolidifies at —10° Insol water, sol alcohol 
and ether Behaves like a metallic bromide 
Iodide — SbEtgl^ [71°] Formed by heating 


Sb with EtI at 140° , or by adding iodine to an 
alcoholic solution of SbEt, at —15° Needles 
(from ether) Unlike the chloride, it is soluble 
m water Potassium removes the iodine thus 

SbEt3l2 + K2 = 2KI + SbEtg 

Oxy iodide — SbEt,! ,SbEt,0 Formed by 
treating the iodide with NHg , or by mixing the 
iodide With the oxide SbEtgO 

Sulphide — SbEtjS From the oxide and 
HjS or from SbEtg and S Soluble in water and 
alcohol Its aqueous solutions pp metals as 
sulphides from their salts 

Nitrate — SbEtj(N03)2 [63°] Formed by 
dissolving SbEtg, or its oxide, in dilute HNOg 
Ithombohedra, soluble in water 

Oxy nitrate — SbEtgOjHNOj From the 
oxy iodide and AgNO, 

Sulphate — SbEtjS(\ [100°] From the 
sulphide and CuSO^ Small prisms, sol water 
and alcohol 

Oxy sulphate — (SbEtjO) H SO^ From 
the oxy iodide and Ag^&O^ Gummy mass 
Tetra-ethyl stiboniura salts 
Iodide — SbLtJ, l^aq (and |aq) S (anhy 
drous) 19 at 20° From SbEtg, water, and EtI 
at 100° Hexagonal piisms, sol alcohol and 
ether — SbEt,l -^14^12 — SbEt.I fHgl^ 

Hydrate — SbEt,OH From moist Ag 0 
and the above Alkaline syrup Pps metallic 
hydrates from salts stannic oxide and alumina 
1 dissolve m excess Expels NHg from its salts 
Chloride — SbEt^Cl Hygroscopic needles 
Forms compounds with HgCl and with PtCl^ 
Bromide — SbEL^Br\q needles 
Periodide — SbEt^Ij 

Nitrate — SbEt^NOg deliquescent needles 
Sulphate — (SbEtJ SO^ deliquescent mass 
Oxalate — (SbEtJ 0 0, 

Antimony penta ethide bbEtj (?) (c 165°) 
From SbEtgIg and ZnEt2 

Tri-isoamyl-stibine Sb(C5H,,)g From an alloy 
of Sb with K by CgHnI Fuming liquid, does not 
take fire in air 

Oxide - Sb(C5Hi,)80 insoluble resin, solu 
ble in alcohol 

Salts — Sb(C5H,,)3Cl2 oil, heavier than 
water, soluble in alcohol, ppd by water — 
Sb(CgH,,)gBr2 oil — Sb(C H,,)glg oil — 
Sb(CgH,,)g(N03)2 [20°] slendercrystals, insoluble 
m water, soluble in alcohol — Sb(C5H,,)3S04 oil 
Antimony di isoamyl SbglCsH,,)^ (?) Foimcd 
by distilling Sb(CgH,,)3 A heavy oil, soluble in 
alcohol Does not fume in air, but explodes in 
oxygen Its salts are amorphous 

Tri phenyl stibine SbPhg [48°] (above 
860°) SG ia 1 500 From SbClg (1 pt ), 
chlorobenzene (1 pt ) and Na, benzene being 
used as diluent Small quantities of bbPhgClj 
and SbPhjClj are also formed The benzene 
deposits crystalline SbPh, , this is warmed with 
alcohol containing HCl, which dissolves SbPh^Clg, 
and the residual SbPhg is converted into 
SbPhgClg by chlorine The latter is reduced by 
alcoholic ammonia and hydrogen sulphide 
SbPhgClg + H.S - SbPhg + 2HC1 + S 
Properties — Colourless triclinic tables ahe 
- 697 1 889 a = 100° 38' ;3=103°37' 

7— 75° 26', si sol alcohol, V e sol ether, ben 
zene, glacial HOAc, CS2, chloroform, and petro 
leum , insol water and aqueous HCl It does not 
decompose HCl, but it oombmes directly with 
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halogens , it reduces cupric, to cuprous, chloride 
With mercuric chloride it reacts as follows 
SbPh, + SHgCl^ = SbCl, + SHgPhCl 
Fummg HNO3 forms SbPh8(NOg)2 

Salts — SbPhgClj [143°] long thin needles, 
not affected by water , insol hght petroleum, 
b 1 sol ether and alcohol, v sol benzene and CSj 
— SbPhgEr [216°1 — SbPh.L [153°j, white 
tables — SbPh8(OH)2 [212°] From the bro 
mide and alcoholic KOH Amorphous powder, 
sol glacial HOAc and reppd unaltered by water 
Insol ether, V e sol alcohol Converted by HCl, 
fIBr, or HI into haloid salt — SbPh3(N08)2 
[166°] Insol water, sol alcohol 

Antimony di phenyl chloride SbPh Clj aq 
[180°] Obtained as a by jjioduct in pie 
paring SbPhg Needles, insol water, sol hot 
dilute HCl, V e sol alcohol Alcoholic NH, 
converts it into Ph^bO(OH), a white powder, 
insol watei, ammonia alcohol, ether, or 
Na COgAq, but sol NaOHAq and glacial 
HOAc 

ANTIPYRINE v Oxy di mfthtl quinizinf 

APHROD-EaCIN A substance contained 
in the cotyledons of the horse chestnut (u 
A sciNic acid) 

APIIN When common parsley {A^num 
pptro<^elmum) is extracted with boiling water 
the hltiate gelatinises on cooling The jelly is 
diied at 100° and extracted with alcohol, and 
the alcohol poured into water The operation 
of dissolving in alcohol and ppg with water is 
repeated several times, and the apiin finally 
ciystallised from alcohol, with stirring Apiin 
also occurs in parsley seed , if this is boiled with 
water apiol distils over, while apiin separates out 
from the residue 

Properties — Needles , si sol cold water, v 
sol hot water, separating again as a jelly, v 
Bol alcohol , insol ether Its solution in boil 
mg water gives a blood led colour with FeSO^ 
Gives picric acid with HNO3, and phloroglucm 
by potash fusion 

Apigenin CijHioO, Boiling dilute H2SO4 
splits up apiin into apigenin and glucose 

0,„ + H,0 = C„H, A + 2C,H. A 

Crystallises in plates (fiom alcohol) It sublimes 
near 294° SI sol hot water, v sol alcohol, 
insol ether Potash fusion gives phloroglucm, 
protocatechuio acid, p oxybenzoio acid, and 
oxalic acid 

References — Rump, Buchner’s Repert f 
Phann 6, 6 , Braoonnot, A Ch [3] 9, 260 , v 
Plants a Wallace, A 74, 262 , Lindenborn, B 
9, 1123 , V Gerichten, B 9, 1121 , Whitney, Ph 
[8] 10, 686 

APIOL [30°] (c 300°) Extracted 

by alcohol from parsley seeds (v Gerichten, B 
9, 1477) Needles , insol water Alcoholic 
KOH converts it into two crystalline bodies 
[54°] and [114°] The essential oil obtained by 
distilling parsley seeds with water contains apiol 
but consists chiefly of a terpene, (160°-164°), 
S G 866, [a] —80 8° It has a strong smell 
of parsley A small quantity of a hydrochloride, 
[116°], can be got from it 

References — Lowig a Weidmann, P 4b, 68 , 
V Gerichten, B 9,268, 1121,1477, Pabitzky, 
Braunschw Anzeiger^ a.d 1764 , Blanchet a 
Sell , A 6 , 301 , Martius, A 4, 2C7 , Homollo a« 


Joret, J Ph [3] 28, 212 , and the referenoea 
under Apun 

APO- Compounds beginnmg with this prefix 
are described under the words to which it is 
prefixed 

APOCYNIN The root of Apocynum Canna- 
fciwm contains amorphous resinous apocynin, 
sol alcohol and etlier, v si sol water, and a 
glucoside, apocyneiD (Schmiedeberg, Ph [3] 
13, 942) 

APOPHYLINIC ACID The methylo- 
hydroxide of cinchomeionic acid, v Pybidinb 

DI OABBOXYLIC ACID 

APPLES The artificial essence of apples 
contains iso amyl iso valerate dissolved m 
rectified spirit (Hofmann, A 81, 87) 

APRICOTS The artificial essence of apricots 
contains isoamyl butyrate and isoamyl alcohoL 

AQUA REGIA v Chlobhydric acid 

AQUA VITJE Alcohol 

ARABIC ACID (Arabm) C.^H^O,, , nC«H,oO, 
(Neubauer, J pr 62,193, 71,255), C„H,,0,, 
(Scheibler, B 6, 612), CggH.^O,^ {O’Sullivan, 
G J 45, 41) 

Occurrence — It is a constituent of probably 
all IfiBvorotatory gums, and has been isolated 
from Levantine, Senari, East Indian, Senegal, 
and Turkey, gum , these gums contain also, as 
a rule, other acids diffeient from, but closely 
allied to arable acid (O’Sullivan) It exists m 
sugar beet (Scheibler), and in the extract of yeast 
obtained by boiling water (Schutzenberger, Bl 
[2] 21, 204 , C R 78, 493) The beet gum is 
probably related to arabic acid, but there is no 
evidence that the yeast extract body belongs to 
the arabin group Many gum like constituents 
of seeds and roots are referred to as gums, but 
the great bulk of them obviously hold no relation 
to arable acid It is found in certain animals 
(Stadeler, A Ph 111,26) 

Formation — It is a product of the action of 
sulphuric acid on algae mucilage (Brown, Ed 
Ph I 26,409), on quince, linseed, and flea wort 
mucilages, cellulose being at the same time pro 
duced (Kirchner a Tollens, A 175, 205), and 
on metagummic acid (Fr6my, C R 60, 125) 
Cellulose is transformed into gum in plants 
(Mercadante, O 5, 408) In none of these cases 
have we any information as to the character of 
the gum produced 

Preparation - The laevorotatory gums are 
principally potassium, magnesium, and calcium 
salts of arable or allied acids they contain 
from 12 to 18 p 0 water, and yield 2 7 to 3 0 p c 
ash consisting almost wholly of carbonates of 
ihese metals Any one of these gums is dis 
solved in the least possible quantity of water, 
the solution is allowed to stand, and, when 
clear, decanted from any insoluble matter To 
the clear liquid twice or thrice as much HCl 
as IS sufficient to convert the bases into chlorides 
IS added, and the gum acid or acids are precipi- 
tated by a moderate excess of alcohol If the gum 
contains only arabic acid, the whole pp can be 
purified as is described below when dealing with 
one of the fractions , but if, as is very frequently 
the case, other allied acids are also present, it is 
necessary to have recourse to fractional pre- 
cipitation to isolate the arabic acid It is 
found in the fractions least soluble m dilute 
alcohol, and may be obtained as follows — The 
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curdy pp , produced by excess of alcohol in 
presence of HCl, is well washed with spirit, and 
then pressed as free from it as possible It is re- 
dissolved in warm water, care being taken to avoid 
heating for any length of time, because even 
the small quantity of HCl retained by the pp has 
a tendency on heating even for a short time to 
decompose the arabic acid, as will be described 
below The solution is cooled, and alcohol 
gradually added with continual stirring In 
this way, the liquid can be made milky without 
the foimation of a pp , fiom this milk ’ the 
acid or acids can be precipitated in successive 
fractions by the addition of HCl in carefully 
giaduated quantities If 4 oi 6 fractions aie 
obtained, one or more of them is arabic acid 
Each fraction is freed from ash by repeated 
precipitation from aqueous solution with alcohol 
in the least possible excess in presence of HCl, 
and from HCl b} repeated precipitation from 
concentrated solution by the rapid addition of 
strong alcohol, whereby the pioduction of a 
‘milk’ IS obviated The fractions thus purified 
are treated with alcohol (b G bl) to render 
them friable, rubbed down to a powder, filtered 
out, pressed, and dried over sulphuric acid 
Thus prepared they are white, friable bodies, 
easily soluble in water If m this state they 
are exposed for any length of time to a tern 
perature of 100°, they are converted into the 
meta modifications (meta acids) which are in 
soluble in water and only swell up to jelly like 
masses when treated with it If, however, they 
are previously dried a vacuum over sulphuric 
acid until the weight becomes constant, they can 
then be dried at 100° without becoming insoluble 
The fraction or fractions which are found to 
have an optical activity, [o], = —26° to —28°, 
and which, when again divided, yield fractions 
each of which has the same activity, consist of 
arabic acid 

Properties — Arabic acid, when slowly dried 
out of syrupy solutions, on glass plates, is a 
brittle, transparent, colourless, glassy body, solu 
ble in water Duiing the drying process, espe 
cially if a little mineral acid is present, the 
acid 18 frequently converted into the meta modi 
fication Solutions of the body are strongly 
acid to litmus paper, and have a sharp acid 
taste, they completely neutialise solutions of 
the alkalis and alkaline earths, and decompose 
carbonates The salts of the alkaline earths 
are precipitated out of solution by alcohol , those 
of the alkalis are not precipitated under the 
same conditions but yield peculiar milky or 
opalescent solutions from which arabic acid, 
with some of the alkaline salt, is precipitated on 
the addition of stronger acids BaSO^, PbS, and 
other sulphides, and some hydrates precipitated 
in solutions of arabic acid, cannot be filtered out, 
but pass, in greater part, through the filter 
Fine animal charcoal is carried through in the 
same way (GO’S) Gum arabic prevents the pre 
oipitation of the alkaloids by phosphomolybdio 
acid, potassium mercury iodide, and tannin 
(Lefort a Thibault, J Ph [6] 6, 169) These 
are properties common to all the gum acids 
The defining characters of arabic acid are its 
optical activity, viz [o]j « - 26° to — 28°, for 
solutions containing 6 to 6 grams dry substance 
m 100 c 0 , and tbe composition of its neutral 


barium and calcium salts , in the dry Stale, the 
former contains 6 0 p c BaO and the latter 
2 28 p c of CaO (O’S ) Solid gum roasted with 
oxalic acid yields metagummic acid (Fr6my), this 
is dissolved by solutions of the alkalis and alka 
line earths with the reproduction of arabic acid 
(u Rhem D P J 216, 639) Gum arabic and 
tragacanth aie lendered insoluble by potassium 
bichromate and light (Edor J pr 19, 299) 
Gum, even in small quantities, injected into 
the blood diminishes the elimination of urine, 
large doses completely stop the secretion, with 
a maiked increase of blood pressure (Kichet a 
Montard Martin, C R 90, 8^^) 

Reactions — 1 Heated with moderately strong 
nitric acidy arabic acid yields mucic (i Kiliani, 
B 15, 34), saccharic, oxalic, and tartaric (Liebig) 
acids , with fuming nitric apid it yields substitu 
tion products — 2 Gum heated m sealed tubt s 
with bromine yields a colourless or vellowish 
liquid, probably C, H^oOioBr^, which, when tieated 
with silver oxide, lead oxide, or caustic soda, 

15 converted into isodiglycolethylenic acid, 

C,^H oO ,2 (Barth a Hlasiwetz, A Ch Phamu 
122, 96) It IS possible some of the decomposi 
tion products of arabic acid would yield the 
same results - 3 Gum arabic or arabin when 
heated to 150° with 2 parts acetic anhydiide 
yields tetracetjl diarabin (?) C, H„(C HjO)^0,o, 
and, when heated to 180 with 6 to 8 parts of 
the anhydride, a body having the composition 
C, 2 H, 3 {C 2 H 30 ) 60 ,o, these acetal derivatives are 
white amorphous powders (Schutzenberger a 
Naudin, A Ch [4] 21, 235) These bodies aie 
certainly not derived from aiabic acid as a 
whole, but from some one of iti decomposition 
products (C O’S) — 4 Pcpstii, in dilute HCl solu 
tion, acts on dextiorotatory gum acid, arabmose 
being amongst the products , panci eaiin has no 
action (Fudakowski, B 11, 1072) —5 (a) Gum 
arabic left for some time in contact with 
sulphuric acid is converted into dextrin (I) and, 
on boiling yields a sugar probably identical with 
galactose (Berthelot, C 0 21, 219) (6) Stiong 

sulphuric acid converts a strong solution of 
gum in a few hours into metagummic acid , but 
gum arabic freed from lime by oxalic acid is not 
transformed m the same way (Fr6my) (c) Pul 
verised gum arabic, triturated with strong sul 
phuric acid, yields sulphogummic acid and a 
peculiar gum resembling that pioduced from 
linen by the action of sulphuric acid (Biaconnot) 
and not capable of fermenting with yeast (Gu6rin- 
Varry) {d) Arabic acid, digested with dilute 
sulphuric acid, yields a crystallisable sugar, a 
non crystallisable one, and an acid the barium 
salt of which is insoluble in alcohol gums from 
different sources yield these bodies in various 
proportions, some varieties yielding scarcely 
any of the crystallisable sugar (Scheibler, B 
6, 612) (e) A solution containing 30 grams 

arable acid (pure), 100 c c water, and 2 grams 
sulphuric acid, yields, on digestion at 100° for 

16 minutes, at least two sugars and a new acid 
the Ba salt of which is insoluble in alcohol the 
following equations represent the change — 

I 0„H,„0„ + H,0- +0,H,.0. 

arable acid a>arabinosio aold a'-arabinnne 

II + OgHjfO, 

jS-arablnoslo acid a or ^-arabtnbwe 

III + HjO + CfHjfOg 

yarabluoaie aoid /i«arabiooM, 
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Continued digestion produces changes that 
may be represented as follows — 

III IV V VI VII and VIII 

^772^122084 + => C4,Hg303^ + GCyHjjOg 

^-arablnosic acid, /S-y-i-arablnose 

On further digestion we get 

IX + H 2 O =» CsjHjgOjj + OgHi^Og 

I arabinosic acid S arabmoso (?) 

X C 3 JH 38 O 32 + HjO = C2flH48027 + CgHijOg 

K arabiuoslo acid fi-arabinose (?) 

XI C28H48027 + H20 = C2,H38022 + CgH,20g 

A arabinosic acid S arabinose (?) 

This last acid is very stable, resisting the 
action of a boiling 3 to 4 p c solution of sul 
phuric acid for a considerable time (0 Sullivan, 
C J 45, 41) a arabinose is not yet fully de- 
scribed , $ arabinose ' is Scheibler’s arabinose, 
7 arabinose is probably identical with galactose, 
and the remaining Sugar or sugars are imper 
fectly described These reactions convey some 
idea of the constitution of the gums of the 
arabin group, i e of those which are salts of a 
gum acid with alkaline or alkaline earthy bases, 
and enable us to understand some of the differ 
ences observed in their properties Those 
bodies vary considerably in optical activity , this 
is due (a) to the varying propoitions of dilTorent 
closely related acids they contain O’Sullivan 
found the acid of some samples of gum aiabic 
to consist almost wholly of arabio acid, whilst 
others contained also a arabinosic acid, [a]j = 
— 36°, and an acid [a]j = —23°, with 

a CgHjgO group more than arabic acid (6) To 
the character and position of the CgH,oOj group 
in the acid from the C^sH^O o body upwards 
Kiliani {I c ) shows that different varieties of 
gum yield, when oxidised with HNO3, proportions 
of mucio acid varying between 14 3 and 33 3 
p c , thus indicating a difference in the number 
of galactose (7 arabinose) yielding groups they 
contain (see also Scheibler) And (c) possiblv to 
the structure of the C gHjgO , group itself The 
gums, too, vary much in the character of the 
solutions they yield (Gm 15, 194) , some give a 
thin syrupy solution, others a thick and jelly 
like one , this is due to the varying proportion 
of the acid naturally converted into the meta 
modification — the gums which yield the thinnest 
solutions are those which contain the greatest 
amount of ash Gums from the same soarce 
have not always the same optical activity , 
Scheibler found the beet gum of one season + , 
and of another — , Kiliani states that East Indian 
gum, and gum arabic elect aie + , the samples 
of these gums examined by O’Sullivan were — , 
the sample of Australian gum examined by the 
former was , that by the latter, inactive From 
this it would appear that the same plant does 
not produce the same gum in every season, but, 
on the whole, it is fairly certain that the acids 
of all the gums aie constituted m the same way 
as arabic acid described above 

Combinations — The arabic salts of the alka 
line earths are prepared by exactly neutralismg 
moderately strong solutions of the pure acid 
with clear solutions of the earth the salt of 
which is required, precipitating with alcohol, 

' According to Kiliani {B 30, 389a, 1333) the formula 
of arabinose i« 0,H,oO, should this prove to be so, the 
formula of arabio acid and of the arabinosic acids must be 
diminished bj a 0H,0 group for every molecule of 
arabinose yielding group they oontaim. 


treating the pp with strong alcohol until it 
admits of being powdered, collectmg the powder 
on a filter, pressing, and drying over sulphuric 
acid The Ba salt contains Cg 074Ba0 (6 0 
p c BaO) and the CaO salt, C8eH,42074Ca0 (2 28 
p c CaO) When the syrupy solutions of these 
salts are allowed to dry spontaneously they 
yield glassy, transparent masses, like natural 
gums the salts of the arabmosio acids yield 
similar bodies C O’S 

ABABITE C^H, O5 which is probably 
CH2(0H) CH(OH) CH(OH) CH(OH) CHjIOH) 
Penta oxy n pentane [102°] Obtained by 

reduction of arabinose with sodium amalgam, 
keeping the solution carefully neutralised 
Small prisms or needles V sol water and hot 
90 p c alcohol, v si sol cold alcohol Sweet taste 
Does not reduce Fehlmg’s solution Does not 
lose water at 100° (diff fiom sorbite) (Kiliani, 
B 20, 1233) 

AEABONIC ACID v Tetra oxy valeric acid 
ARACHICACIDC20H40O2 Mol w 312 [7o6°] 
Arachidic acid 

Occurrence — 1 In the oil from the ground 
nut Arachis hypogceay from which it is obtained 
after saponification (Ciossmann, A 89, 1) — 2 In 
butter (Heintv, P 90, 146) —3 As glyceryl 
ether in the fiuit of Nepheliuni lappaceum (Oude 
mans, J pr 99, 407) 

Formation — 1 By potash fusion from bras- 
sidic acid (Goldschmiedt, il 1877,728) —2 From 
stearic acid by converting it into the correspond- 
ing alcohol, Ci^HgjCHjOH, and iodide CpHjjCH^I 
T1 e latter gives octadecyl aceto acetic ether 
when treated with sodio aceto acetic ether, and 
alcoholic KOH thence piocluces arachio aoid 
(Sehweizcr Ar Ph [3] 22, 753) 

Properties — Small shining plates , v sol 
boiling alcohol, and ether, insol water Gives 
a nitio , [70°], and an amido [59^], arachic acid 
Salts — (Seheven a Gossmann, A 97, 257) 
AgV prisms (from alcohol)— CuA'2 needles 
(from alcohol) —BaA'2 haidly soluble in alcohoL 
- SrA'^— MgA'2 crystalline powder (fiom alco- 
hol) — KA' usually gelatinous 

Methyl ether [55°] Scales (Caldwell, 
A 101, 97) , [53°] (Schweizer) 

Ethyl ether [49 5°] (296°) at lOOmra 

Iso amyl ether [45^] Scales 
Arachins Prepared artificially by heating 

arachio acid with glycerin (Berthelot, A Ch [3] 
47, 355) , they are msol ether Di arachin 
C3H,(0H)(0023H390)2 melts at [75°] 

Arachyl chloride Cl [67°] 

Unstable (Tassmari, B 11, 2031) 

Arachamide CgoHagO NH2 [99°] Prisms 
grouped in stars , insol water, sol hot alcohol 
(Gossmann a Seheven, A 97, 262) 

Acetic arachic anhydride 
CjoHggO OA-c [60°] From AcCl and potassium 
araohate Scales (from ether) (T ) 

Valeric arachio anhydride 
0 C,HgO [68°] (T ) 

AEALEtN The bark of Aralia spinosa ooti- 
tains a tannin which gives a green colour with 
FejClg, and a glucoside called aralein The latter 
IB a neutral, light yellow substance, sol Whter 
and alcohol, insol ether, benzene, and CHClj,* 
Gives no pp with lead acetate, HgClj, or PtCl4 
Boiling dilute HCl converts it into white arah- 
retin, insol water (Holden, Ph [3] 11, 210) 
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AEBOL-A BB£A BESIK The product of a 
tree (Cananum album) growing in the Philippine 
Islands (Maujean, J Ph 9, 46 , Bonastre, J Ph 
10, 199) Baup {J pr 65, 83) finds four crystal 
line substances in it A m y r i n [174°] , B r e i d i n, 
ti 39 at 20°, Brein [187°], and Bryoidin 
[136°] 

AKBTTTIK |aq [166°] 

Occurrence — Together with methyl arbutin 
in the leaves of the red bearberry, Arctosta 
phylos Uva Ursi (Kawalier, A 82, 241 , 84, 356), 
and m the leaves of a species of winter green, 
Pyrola umhellata (Zwenger a Himmelmann, 
A 129,203) 

Preparation — The aqueous infusion of the 
leaves is ppd by lead acetate, excess of lead re 
moved by H^S, the filtrate evaporated and the 
arbutin extracted and crystallised by a mixture 
of ether (8 pts ) and alcohol (1 pt ) The pro 
duct IS a mixture of arbutin and methyl 
arbutin, which can be separated by crystallisa 
tion from water (H Schiff, O 11, 99, 13, 538, 
A 221, 365 , cf Habermann, M 4, 753) 

Properties — Long glistening needles which 
melt at 165°, but, on second fusion, at 187° (H 
Schiff, B 14, 304 , A 206, 159) V sol alco 
hoi and boiling water, v si sol ether Its 
aqueous solution gives no pp with lead acetate 
or subacetate Does not reduce alkaline cupric 
solution Dilute Fe Clg gives a blue colour 
Beactions — 1 Split up by emulsin or by boil 
ing dilute H^SO^ into hydroqumone and glucose 
(Strecker, A 107, 229) —2 H SO^ and MnO 
form quinone — 3 Converted by Ag 0 into water 
and di arbutin, an extremely soluble s^rup, 
whence arbutin can be recovered by reduction 
with Zn and H (Schiff, A 154, 244) — 4 
Chlorine passed into an aqueous solution forms 
di , and tri chloro qumones (Strecker, A 118, 
295) 

Acetyl derivative C,oH,,Ac 0, Plates 
or needles (from alcohol), insol water 

Benzoyl derivative C, HjjBzjOy Crystal 
line powder, si sol alcohol 

Di nitro arbutin C, Hj 4 (NOJ O Golden 
needles (from water) insol ether (Hlasiwetz, 
a Habermann, A 177, 343) Gives an oiange 
pp with lead subacetate Boiling dilute H bO^ 
gives di nitro hydroqumone Converted by Ac^O 
into C, 2 H„Ac 5 (NOJP 7 

Methyl arbutin C^HjgO^ ^ e 
CgH,0(OH), O CgH, OMe [169°] (Michael), [175°] 
(Schiff) Occurs in nature associated with 
arbutin Formed synthetically by the action of 
acetochlorhydrose upon potassium hydroqumone 
methyl ether, KO C^H^ OMe (Michael, Am 5, 
178 , B 14, 2097) Also from crude arbutin by 
converting the free arbutin mto methyl arbutin 
(by Mel and KOH) or into benzyl arbutin (H 
Schiff, Q 12, 464 , A 221 , 366) 

Properties — Colourless silky needles, with 
bitter taste Contain aq and melt at 169° 
(Michael) , contain |aq and melt at 176° (Schiff) 
Sol water and alcohol, v si sol ether Gives 
no blue colour -with FejClg 
Benzyl arbutin C,bH 220 , x e 
PhCH 20 C,H, 0 CgH„ 05 aq [161°] S 19 at 23° 
From PhCBL^Sr* commercial arbutin (containing 
methyl arbutin), and KOH in boiling alcohol 
Excess of KOH is removed by COj, and after 
evaporating and adding water, benzyl arbutin 


is ppd while methyl arbutin remains in solution 
Arborescent needles Soluble in boiling water, 
very soluble in alcohol Does not reduce 
Fehlmg’s solution, except after short boiling 
with H 2 SO 4 which splits it up into glucose and 
benzyl hydroqumone Gives on nitration yellow 
needles which are benzyl nitro arbutin, 
C,«H ,(NO )0„ [143°], split up by dilute H^SO, 
into glucose and benzyl nitro hydroqumone 
(Schiff a Pellizzari, A 221, 365) 

Isoamyl arbutin From the mixture of arbu 
tin and methyl arbutin by amyl bromide and 
NaOH (S a P ) Needles On decompositiou 
gives ISO amyl hydroqumone and glucose 

ARCHIL or OrseiLle is a purple dye obtained 
from various lichens {Roccella, Lecanora, and 
Vanolana) containing acids {erythnc, lecanonc^ 
Ac ), which on decompositign yield orcin (g v ) 
which 18 converted by air and ammonia into red 
orcein When K CO 3 orNa 2 C 03 as well as am 
monia is added to the lichens litmus is produced 

ARGININE C«H„N ,02 Easily soluble m 
water , reacts alkaline Occurs to the extent 
of about 3-4 pc in the young shoots of the 
lupine {lupinus luteus) The shoots aie ex 
tracted wuth water , tannin and lead acetate are 
adiled to the extract , the filtrate is acidified w itli 
H SO 4 , again filtered, and ppd with phospho 
moljbdic acid, the pp is washed and treated 
with cold milk of lime, and the solution of the 
base finally neutralised with HNOg and evapo 
rated to crystallisation 

Salts — B'HNOg Aaq slender white soluble 
needles , with phosphomolybdic acid it gives a 
white pp soluble in hot water, with picric acid 
a jellow crystalline pp is formed on standing 
— B'HCl large cr;ybtal 8 — B' 2 Cu(NO,) 3aq 
formed by heating a solution of the nitrate with 
cupric hydrate , dark blue prisms, si sol cold 
water (Schulze a Steiger, B 19, 1177) 

ARGOL Crude acid potassium tartrate de 
posited from wine 

ARGYRAISCIN C^^H^ 0,2 A glucoside m 
the cotyledons of the horse chestnut Minute 
tables (from dilute alcohol) Spht up by dilute 
HCl mto argyrtescetin C^jHgoOg and glucose 
Potash produces propionic acid and esscinic acid 
(g V ) (Bochleder, J g>r 87, 1 , 101, 415) 

ARIBINE C 23 H,oN 4 S 12 9 at 23° A base 
exti acted by dilute H 2 SO 4 from the bark of 
Arariba rubra, the solution being treated with 
lead acetate and the base dissolved in ether, from 
which it separates as anhydrous pyramids or 
(with 8 aq) as four sided prisms V sol water 
and alcohol, m sol ether (Rieth a Wohler, A 
120, 247) Salts — B"2HC1 — B'^H^PtCl^ — 
B"H2S0, — B" 2 H.S 04 

ARICINE C 28 H 2 eN 204 [188°] S (ether) 

6 at 18° ‘ Cusconine,' Cinchovatine Yellow 

Cusco bark contains 24 p c aricine and 37 p c 
ouscomne Occurs also in bark of cinchona 
cupraea (Hesse, Ph [3] 12, 617) Prisms (from 
dilute alcohol) , insol water, v e sol chloro 
form, m sol ether, v el sol alcohol Solutions 
are not fluorescent Lsevorotatory m alcoholic 
or ethereal solutions , its solution m dilute 
HCl IS inactive In a 1 pc ethereal solution 
[ojD a. - 94 8 ° , in a 1 pc alcoholic (97 pc) 
solution [a]n='-64° Ariome is turned dark 
green by cone HNO, Bleaching powder and 
NH, only give a yellowish colour 
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Salta --B'HC12aq — B',H,PtCle 5aq — 
BHI — B'HNOg — B'^H^SO^ slender needles, 
m sol cold water — B'H 280 ^ small pnsms, v 
si sol cold water — B'HOAc 3 aq grains, v si 
sol cold water — B'H 2 C O 4 2 aq white pnsms, 
quickly changing to rhombohedra, S 049, si 
sol hot alcohol — B'HSCy — Salicylate 
B'C^HgOg 2 aq 

References —VeWeiiBT, A Ch [ 2 ] 42, 330, 
61, 185 , Pelletier a Corriol, J Ph [2] 15, 575 , 
Leverkohn, Repert f Pharvi 33 , 357 , Manzim, 
J Ph [3] 2, 95 , Howard, Ph [ 3 ] 5, 908 , Hesse, 
A 166, 259 , 181, 58 , 185, 321 , 200, 303 
AKKICIN C 20 H 30 O 4 (?) An amorphous sub 
stance present in the root, leaves, and blossoms 
of Arnica montana (Walz, N Jahrb Pharm 
13, 175, 14,79, 15,329) 

ABOMATIC SEB^ES Substances whose mole 
cules contain a benzene nucleus are said to 
belong to the aromatic series 

Elements attached to a carbon atom belong 
ing to the benzene nucleus are more firmly 
faxed than when attached to a carbon atom not 
in that nucleus in the former case the deiiva 
tive (called an eso derivative) has the character 
of a deiivative of benzene, in the latter case the 
derivative (called an exo derivative) behaves like 
a fatty compound Thus exo chloro toluene 
(benzol chloride) C(,H 5 CH Cl behaves like eth>l 
chloride, being readily converted into an alcohol, 
amine, or cyanide, by treatment with KOH NHg, 
or KCN respectively, while eso chloro toluene, 
Cj,H,Cl CHg, 18 not affected by these reagents 
It must, however, be added that the ease with 
which a given atom or radicle in the molecule 
of an aromatic compound may be displaced 
depends not only upon its position m relation to 
the carbon atoms but also upon the existence 
and position of other elements or radicles in the 
molecule Thus 0 and p , but not m , chloro 
nitro benzene are converted by hot aqueous 
potash into nitro phenols, and by NHg into 
nitro anilines, while chloro phenols and chloro 
benzene sulphonic acids are converted into di 
Oxy benzenes by potash fusion 

Halogens acting upon cold hydrocarbons in 
the presence of carriers (such as I) enter the 
benzene nucleus, but when acting alone upon 
hydrocarbons at 100 ° or upwards they enter a 
side chain {exo position) Direct sunlight has 
the same effect as elevation of temperature, but 
its effect is entirely counteracted by the presence 
of iodine (Schramm, B 18, 606) Halogens 
attack a benzene nucleus that already contains 
hydroxyl, amidogen, or SOgH, with much greater 
vigour than when its carbon atoms are united 
only to hydrogen and carbon 

Cone HNO, and cone HjSO^ attack aromatic 
compounds, NO 2 and SOgH displacing H m the 
nucleus , they do not act upon fatty compounds 
in this way 

The constitution of the molecule of benzene, 
and the methods by which the relative position 
of elements or radicles in the molecules of its 
derivatives have been determined will be dis- 
cussed in another article, v Benzenb 

Laws of Substitution — I When one of the 
following radicles has displaced one of the atoms 
of hydrogen m the benzene molecule, forming 
the compound C^H^A, any new group on enter 


mg will take up a position meta to A Hero A 
may be COgH, SOji, or NO^, and probably also 
CN, CHO, S 02 Ph, and CO CH, (Hubner, B 8 , 
873 , Noltmg, B 9, 1797 , cf Armstrong, C J 
61, 259 , Morley, C J 51, 679) 

II If m a substituted benzene, CjH^B, the 
substituting element or radicle be not one of the 
preceding, then any new group on entering will 
take up an ortho or a para position usually 
chiefly p with a little o Examples of B are 
NH 2 , NHAc, OH, Cl, Br, I, CH, and all chains 
of carbon atoms except such as begin with CO 
These laws tell the chief product of the 
substitution , small quantities of isomendes at 
variance with these laws may also be formed 
The radicles that induce meta substitution 
are all composed of an element (N, C, or S) 
united to a chlorous group , CCl, is also a radicle 
of this kind, and it gives a m nitro derivative, 
but it also gives a p chloro derivative 

The radicles that induce p or 0 substitu- 
tion are either single elements, or elements 
united to basylous elements or groups The 
radicles CH Cl and CHClj are intermediate in 
character , the latter appearing to resemble 
CC1„ the former resembling CH, Armstrong 
points out that the radicles producing m deriva- 
tives are unsaturated, and might form additive 
compounds before substitution takes place 

Amido compounds in presence of excess of 
H 2 SO 4 (20 pts ) when treated with the calculated 
quantity of HNO, dissolved in H SO 4 , added at 
0 ° give chiefly meta nitro derivatives, some of 
I the p nitio derivative being also formed Ex 
j amples aniline, acetanilide, toluidme, xylidine, 
p bromo aniline (Noltmg a Collin, B 17, 261), 
di melhjl aniline, di ethyl aniline (Groll, B 19, 

I 198), ethyl aniline (Noltmg a Strecker, B 19, 
646) The amount of meta nitro derivative 
formed is increased by increasing the quantity 
of sulphuric acid present In all these cases 
nitrogen is attached to a chlorous radicle, aniline 
sulphate being CyH N(0 SO,H)Hj, and might 
therefore be expected to produce a meta den 
vative It 18 , however, curious that a solution of 
aniline sulphate in a small quantity of sulphuric 
acid gives very little m nitranilme on nitration 
When a new element or radicle enters a 
benzene nucleus m which more than one His 
already displaced if it can satisfy the require- 
ments of each of the substituents already present 
it will do so , if not it obeys the most powerful 
substituent present The following appears to 
be the order of priority, beginning with the 
strongest 

HO, NH 2 , halogens, CH,, other alkyls, NO 2 , 
CO^H and SO,H The conversion of p nitro 
phenol mtoC„H 3 (OH)Br(NO ) [1 2 4], and that of 
o nitro phenol into CeHg(OH)Br(N 02 ) [1 6 2 ], by 
the action of Br are instances where both NO^ 
and OH are obeyed , but in the action of Br upon 
p bromo phenol and of HNO, upon OaH 3 (OH)Ck 
[1 2 4] the new substituent obeys the stronger 
radicle, producing C^H (OH)Br 3 [1 2 4 6 ] and 
C,H 2 ( 0 H)Cl 2 (N 02 ) [1 2 4 6 ] respectively 

When a hydrocarbon radicle is introduced 
by the agency of AlCl, it does not always follow 
the foregoing rule , thus m xylene is the chief 
product of the action of MeCl upon benzene m 
presence of AlCl, 
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Differences between o, w, and p compounds 
Ortho, nieta, and para compounds usually boil 
at about the same temperature, but the para 
compounds have the highest melting points 
The oitho compounds are usually the most, and 
the para compounds the least, volatile with 
steam In the oxidation of ortho compounds 
the benzene ring is liable to be broken up, while 
in the meta and para compounds this is not the 
case {v H-iDRocARBONs) Ortho compounds 
readily give rise to pioducts of condensation in 
which the side chains may be supposed to be 
joined in the form of a ring , this tendency is 
observed to some extent in the para series but 
not at all in the meta senes Thus by loss of 
HjO 0 amido phenyl glyoxylic acid gives isatin , 

0 amido cinnamic acid gives carbostyril, o oxy- 
cmnamic acid gives coumarin , phthalic acid 
gives phthalic anhydride 

0 mtraniline hydrochloride is readily decom 
posed by water, p nitranilme hydrochloride less 
BO, and m nitranilme hydrochloride is haully 
decomposed by water (Lellmann, B 17, 271’)) 
In general, the introduction of a radicle into the 
m-position produces less change in the pro 
pel ties of a compound than the introduction of 
the same radicle into the o and p position, and 
of the resulting derivatives the meta are the 
most stable Thus m xjlene is oxidised with 
difticulty, while dilute Hls^Og readily conveits o , 
and p , xylene into toluic acids Ortho , and 
paia , oxy benzoic acids are converted into phenol 
by heating with aqueous HCl in sealed tubes, 
while m oxybenzoic acid, like benzoic acid itself, 
IS unaffected Ammonia converts o and p nitro 
anisols into nitranilmes, but docs not affect m 
nitio anisol or anisol itself , similarly ammonia 
converts o , and p , bromo nitro benzenes into 
nitranilmes, but does not affect m bromo nitio 
benzene or bromo benzene itself Boiling alkalis 
convert o , and^ , nitranilme into nitrophenols, 
but do not affect m nitranilme or aniline Aniline 
and m nitranilme resemble one another in 
readily uniting with phenyl thio carbimide (form 
ing diphenyl thio urea and nitro di phenol thio- 
urea respectively), while p , and o , nitranilme 
require to be heated for some time with phenyl 
thio carbimide before they will combine Ben 
Eoio acid and m oxy benzoic acid are readily 

1 educed by sodium amalgam to benzyl alcohol 
and m oxy benzyl alcohol respectively, while o , 
andp , oxybenzoic acids are not attacked Ortho- 
and para nitro acetanilide dissolve in cone 
potash , the former is readily saponified by the 
potash, giving potassium acetate and o nitro 
aniline , a similar decomposition occurs with the 
latter, but with greater difficulty Meta nitro 
acetanilide is insoluble in cone potash, and is 
Bcaicely affected by it (Kleemann, JB 19, 836) 
The substitution of an atom of hydrogen m the 
nucleus by an atom of bromine is accompanied 
by absorption of heat , in an actual experiment 
this 18 not observed, being more than counter 
balanced by the heat developed in the simul 
taneous formation of HBr (Werner, Bl 46, 
282 ) 

Occasional reactions 

1 Acetyl bromide not only displaces H by Ac 
but sometimes even turns out an alkyl , thus it 
converts di methyl anihne and di ethyl aniline 


into methyl acetanilide and ethyl acetanilide 
respectively (btaedel, B 19, 1947) — 2 Benzoyl 
chloride sometimes behaves in the same way, 
converting di methyl aniline and di ethyl ani- 
line into methyl benzanilide and ethyl benzani- 
lide respectively —3 Nitric acid in nitration 
sometimes turns out acetyl, converting ethyl 
acetanilide into C(,H 3 (NOi) 2 NEtH [1 3 4], and 
behaving similarly towards methyl acetanilide 
(Norton, B 18, 1997) Nitric acid sometimes 
turns out bromine , thus it converts p bromo 
aniline into tri nitro aniline (picramide) (Hager, 
B 18, 2578) — 4 Potash converts di nitro di- 
methyl anihne, CgHg(N02) NMcj [4 2 1] into di- 
nitro phenol, di methyl amine being given off 

Molecular changes 

At high temperatures o compounds may 
change to p , and both o and p to m At 100° 
o phenol sulphomc acid changes to p phenol- 
sulphonic acid At 220° potassium salicylate 
changes to p oxybenzoate, while sodium sali- 
cylate IS not affected at that temperature Resor 
cm IS obtained by potash fusion fiom benzene 
p disulphonic acid p chloro benzene sulphonio 
acid, and o and p bromo phenol 

Methyl can pass from combination with 
nitrogen into the nucleus , thus dimethylanilme 
methylo iodide at 220° gives o and p dimethvl 
toluidine, methyl xylidme, and di methyl xyli- 
dine , while at 33o° it gives cumidine, 
C,H MegNH (Hofmann, Pr 21, 47) 

Ethyl aniline hvdrochloride at 320° changes 
similarly to ethvl phenyl amine, C^H^EtNH , 
while isoamyl aniline hydiochloride becomes 
isoam^l phenyl amine, CeHj(C 5 H,,)NH 2 (Hof 
mann, B 7, 526) In these cases it may be 
supposed that Mel, MeCl, EtCl, and CjH,,Ci re 
spectively are split off and then attack the nu- 
cleus , this action of MeCl is seenm the conver 
Sion of xylidme hydrochloride into ^ cumidine by 
heating with methyl alcohol at 280° (Hofmann, 
B 13, 1730) 

Conversion of fatty compounds into aromatic 
1 By passing acetylene {q v ) through a red 
hot tube — 2 By heating acetone or allylene 
with sulphuric acid mesitylene is formed —8 
Uvitic acid, CeH3Me(C02H)2 [1 3 5] is formed by 
boiling pyruvic acid with baryta — 4 Oxy uvitio 
ether is foimed by the action of chloroform on 
sodium aceto acetic ether — 5 Suocinylo succinic 
ether from succinyl chloride, sodium, and 
succinic ether is di oxy di hydro terephthalio 
ether , when lieated with KOH it gives hydro 
qumone Hydroquinone is also formed when 
succinates are subjected to dry distillation — j 6 
Phloioglucm tn carboxyhc ether is formed by 
the action of sddium or of ZnEtj on malonio 
ether (Baeyer, B 18, 8457 , Lang, B 19, 2937) 
7 Tri mesic ether is formed by the action 
of sodium on a mixture of formic and acetic 
ether (Piutti, B 20, 637) — 8 Hexyl iodide and 
bromine at 200° gives hexa bromo benzene 
(Krafft, B 9, 1085 , 10, 801) -9 K and CO 
combme, formmg 0,(0 K)j (Nietzki a Benckiser, 
B 18, 1833) 

Conversion of aromatic compounds into fatty 
1 Carbonic, oxalic, and formic acids are pro- 
ducts of oxidation of aromatic compounds-- 
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3 Benzene is converted by KCIO, and HCl into 
C^HsClgO,, which 18 converted by baryta into 
fumario acid — 3 Nitrous acid converts pyroca 
techin in ethereal solution into dioxytartano 
acid — 4 HCl and KCIO, convert Rallic acid into 
tri chloro glyceric acid —5 Chlorine passed into 
a cold aqueous solution of phloroglucin gives 
dichloro acetic acid (Hlasiwetz a Habermann, 
A 155, 132) 

Aromatic acids The principal aromatic acids 
are those containing SO3H and those containing 
COjH The former will be discussed as Sul 
puoNic ACIDS, the latter will be biiefly character 
ised here (v also Acids, amido , bromo-, chloro-, 
roDo , and mtro acids) 

Formation —1 By oxidation of homologues 
of benzene or derivatives of such homologues 
K^Cr O7 (2 pts ), H SO4 (3 pts ), and water (3 to 
6 pts ), IS a convenient mixture for the purpose , 
but it converts all side chains into carboxyls, 
thus m and p xylene become iso , and tere , 
phthalic acids, while mesitylene becomes tnme 
Ric acid Dilute HNOj (b G 12) and aqueous 
KMnO^ oxidise more giadually, attacking one 
Bide chain at a time, thus converting o and p 
xylene into 0 and p toluic acid and mesitylene 
into mesitylenic acid — 2 By passing COj over 
a mixture of a bromo derivative and sodium 
C,H Br -f COg + Na = C.H.CO^Na + NaBr(Kekul6, 
A 137, 178) — 3 By heating a bromo deriva- 
tive with chloroformic ether and sodium, thus 
C«H,Br + CiCO,Et + Na = C^H^CO.Et + NaCl + 
NaBr (Wurtz, A Suppl 7, 125) —4 By the 
action of COClj or CO on aromatic hydrocaibons 
in piesonce of AICI3 (Friedel a Crafts, v Alu 
MINIUM chloiide, p 147) the product being 
treated with water The amides may be pro 
duced in a similar way by using Cl CO NH, 
instead of COCl (Gatterraann a Schmidt, B 20, 
858) — 5 By heating sulphonates with sodium for 
mate PhSOgK + HCO,Na - Ph CO,Na + HSO^K 
(V Meyer, A 156, 273) — 6 By saponification of 
nitiiles The nitriles may be obtained either by 
heating sulphonates or exo chloro den vatu es 
with potassium cyanide or by heating thio car 
bimides with copper (Weith, B 6, 212) Nitriles 
may also be obtained by distilling the formyl 
derivatives of amines with zinc dust, eg 
PhNH CHO = H,0 + PhCN —7 By oxidation of 
alcohols or aldehydes — 8 Aromatic acids con 
taming caiboxyl in the side chain can be pre 
pared by synthesis with aid of aceto acetic ether 
{q v) or of malonic ether {q v ) — 9 Oxv acids 
are formed by boiling diazo acids with water, or 
b;y potash fusion from chloio , bromo , lodo , or 
Bulpho , acids — 10 By passing COj into sodium 
phenols at 180° or potassium phenol, in the 
former case CO H takes up a position ortho to 
the hydroxyl Potassium phenol at 140° gives 
salicylic acid, but at 170°-200° it gives^ oxy ben 
aoic acid The reaction takes place m two stages 

O Na + COg = CgHg O GO^Na , 

0 CO,Na - CeH,(OH) CO^Na 

(v OxT BENZOIC acids) — 11 By heating phenols 
with dilute alcoholic solution of CCl^ and 
NaOH at 100° C«H,OH 4 CCl, + 6NaOH = 
C„H,(0Na)C02Na4 4NaCl4 4H20 (Tiemann a 
Beimer, B 9, 1285) The carboxyl takes up 
positions para and ortho to the hydroxyl — 


12 Perkin’s synthesis of cinnamic acid and its 
homologues is described and discussed in the 
article on Aldehydes — 13 Resorcin and its 
homologues aie converted into (1, 3, 4) and 
1, 3, 2) di oxy benzoic acids and their homo 
logues by heating with ammonium carbonate 
and water , while hydroquinone and its homo- 
logues heated with potassium bicarbonate, water, 
and a little KgSOg give (1, 4, 2) di oxy benzoic 
acid and its homologues (Senhofer, Sitz B 80, 
604 , 81, 430, 1044 , M 2, 448) 

Reactions — 1 The aromatic acids are sub- 
ject to the general laws governing substitution 
in the benzene nucleus — 2 They are usually 
si sol water but v sol alcohol and ether The 
homologues of benzoic, and of salicylic, acid 
are volatile with steam, m , and p , oxy benzoic 
acids are not volatile with steam Salicylic acid 
and its homologues are soluble in chloroform, 
p oxy benzoic acid and its homologues are not 
Ortho oxy acids are also characterised by giving 
a violet colouration with FejClg — 3 Ortho oxy- 
acids of the form CgH4(OH) CHj COjH or 
C,H,(OH) CH^ CH, CO,H have a tendency to 
pioduce anhydrides or lactones, ortho amido 
acids of the form C„H^(NH ) CHj COgH or 
C«H,(NH2) CHj CH, CO^H readily form anhy 

drides, similarly called lactams C^H4<[^^^*^CO, 

or lactims OH —4 Benzene is 

produced bv fusion with NaOH from benzoic acid 
(75 p c ),trimellitic acid, hydrocinnamic acid, and 
cinnamic acid (50 pc) a little diphenyl is also 
formed Fusion with NaOH converts o , and p , 
oxy benzoic acids into phenol (50 to 60 p c ) , 
protocatechuic acid into losorcm (50 to CO p c ) , 
(1,3, 5) di oxy benzoic acid into resorcin (60 pc), 
phloretic acid and p coumaric acid into p oxy 
benzoic acid and finally into phenol , oxy tere 
phthalic acid into salicylic and p oxy benzoic 
acids, and finally into phenol (Barth a Schreder, 
B 12, 1255) 

Aromatic bases The preparation and pro 
perties of the aiomatic bases have be6n dis 
cussed in the aiticle on Amines They may be 
divided into two classes according as the 
nitrogen is attached to carbon in a benzene 
nucleus or in a side chain , bases of the latter 
form resemble fattv amines Amines containing 
amidogen attached to the benzene nucleus are 
weakened in basic power by introduction of 
nitroxyl or halogens into the nucleus, more 
especially if these radicles do not occupy a 
position meta to the amidogen Trichloranihne, 
dinitraniline, and trmitramhne do not combine 
with acids , the latter is even saponified by 
potash with formation of trinitrophenol 

ARSENATES Salts of arsenic acid, v 
Arsenic, Acids or, p 305 

ARSENIC As {Arsenicum, Regulus arsenict, 
&p(reviK6t/ By the term crai dapdxri Aristotle seems 
to mean a compound of arsenic and sulphur, 
called by Theophrastus) At w 74 9. 

Mol w 299 6 , 149 8 at c 1700° (Biltz a Meyer, 
B 22, 725) Melts only under great pressure 
(Landolt, also Mallet, C N 26, 97) SG 
6 23 to 6 76 pure, crystalline ^ 6 726-5 728 , 
grey, pearly crystals 4 71 (Bettendoiff, Ai 
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144 110) , amorphous 4 710-4 716 {ibid 
lx), fused 5 709 (Mallet, C N 26, 97) 
■V D 147 2 at 8G0° (Deville a Troost, C R 
5b, 871) , 153 7 at 640-670° (Mitscherlich, A 
12, 169) SH crystallised, 083, black, 
amorphous, 0758 (Bettendorff a Wullner, P 
133, 293) C E (linear at 40°) 00000559 

(Fizeaux, C R 68,1125) EC (Hgat0° = l) 
2 679 at 0°, 1 873 at 100° (Matthiessen a Bose, 
T 162, 1) S V S cryst 13 1 , amorph 16 9 

X at wt 16 4 (Gladstone, Pr 18, 49) 

Chief lines m emission spectrum, v Huntington, 
P Avi A [2J 9, 34, Hartley a Adeney, T 
1884 124 

Occurrence — Found native, but more fre 
quently associated with other metals and 
sulphur, in widely distributed ores Obtained 
as a piincipal product chiefly from native arsenic, 
arsenical iron FeAs and he^ASj, and arsenical 
pyiites FeAsFeS , obtained as a secondary 
pioduct from smaltine, cobalt g Lance, arsenical 
cobalt, nickel glance, manv fahl ores, Ac Occurs 
also in ferruginous deposits of certain mineral 
waters (Will, A 61, 192) , in nearly all iron oies 
(Walchner, A 61, 205) , in soils, from the 
weathering of iron pyrites (Sonnenschem, 
Ar Ph [2j 143, 245) , in the residue obtained 
by evaporating sea water (Daubr6e, Ann M [4] 
19, 669) , frequently found m metallic bismuth 
(Schneider, J pr [2] 20, 418) , m various kinds 
of pyrites, and hence in most samples of com 
mercial sulphuric acid, and in many substances 
in the manufacture of which this acid is used 
(t H A Smith, P M [4] 44, 370) 

Preparation — On the large scale by heating 
to redness, out of contact with air, arsenical 
non or arsenical pyrites , arsenic sublimes, iron, 
or ferrous sulphide, remains Picpaied in small 
quantities at a time by heating As^O^ with pow 
dered charcoal, or with ‘black flux,’ in crucibles 
co\ered with conical iron caps Also by heating 
As^S, with charcoal, an alkaline carbonate, 
and KCN Purified by resublimation after 
mixing with powdered charcoal , or by heating 
with a little I (Ludwig, Ar Ph [2] 97, 23) , or 
by boiling with moderately cone K CrO^ Aq 
acidified with H^SO^ (Bottgtr, J pr [2] 2, 134) 
Arsenic was first prepared from arsenious acid 
in 1694 by Schroder , its chemical nature was 
further investigated by Brand (1733), Macquer 
(1746), Mamet (1773), and others Scheele dis 
covered arsenic acid and arsenuretted hydrogen 
in 1775 

Properties — Very brittle, steel grey, lustrous , 
crystallises by sublimation in hexagonal ihom 
bohedra isomorphous with Sb and Te , 
a c *= 1 1 4025 H = 3 6 When As is sublimed 
in a rapid H stream in a glass tube the sublimate 
nearest the heated part of the tube consists 
chiefly of rhombohedra, that farther from the 
hottest part but still on a warm portion of the 
tube (210°-220°) of black amorphous As, while 
the coolest part of the tube is filled with yellow 
fumes which condense to grey crystals 
(Bettendorff, A 144, 110) Black amorphous As 
IS also obtained by condensing As vapour at a 
fairly high temperature , by decomposing As 
eoxnpoanda by heating m glass tubes to 


moderately high temperatures (e g AsH,), or by 
heating with reducing agents (e g As^O„ with C) , 
or by reduction of As compounds in the wet 
way (Engel, C R 96, 497) As can be obtained 
in regular octahedra by heating a mixture of 
much H with a little AsH, (Cooke, Am S [2] 
31, 91) Amorphous As is changed to crystal 
line by heating for some time at 310° (Engel, 
C R 96, 1314) , by heating to 358°-360® 
(Bettendorff, A 144,110) Amorphous As when 
subjected to a pressure of 6600 atmospheres 
acquires metallic lustre and its S G increases 
(Spring, B 16, 326) The vapoui of As is citron 
yellow (Le Eoux, C R 51, 171) The spectrum 
of As shows lines in the orange (6169 5), yellow, 
and green (5331) (Thalen, A Ch [4] 18, 244) , 
also many more refrangible lines {v Hartley, T 
1884 124) As combines with Cl and O with 
production of heat, [As, CP] = 71,390 , 
[As 2 , O'] = 164,670 , [As^, 0 , Aq] = 147,120 , 

[As^ 0^] = 219,380, [As, 0“, Aq] = 225,380 
(Thomsen) As volatilises at a dark red heat 
without previous fusion at ordinary pressures 
The molecule of As is tetratomic (A 84 ) , the atom 
is tri\alent in gaseous molecules (AsHg, AsCl^, 
Ac ) The atomic weight has been deteimined 
(1) by analysing, and determining V D of, 
various gaseous compounds, AsHg, AsClj, AbI„ 
As,0<, Ac , (2) by determining SH of As , 
(3) by comparing isomorphous compounds of 
As, Sb and Bi, arsenates with phosphates and 
vanadates, Ac (Wallace, P M [4J 18 279, 
Dumas, A Ch [3] 55, 174 , Kessler, P 95, 
204) 

As is insoluble in alcohol and ether, but is 
said to be dissolved by certain oils It oxidises 
fairly rapidly in air at ordinary temperatures , 
heated in air, it burns to As^Og with a bluish 
flame , is oxidised by nitiic and sulphuric acids, 
and by fusion with alkalis As forms two senes 
of compounds, of which As^Og and ASgOg are 
representatives 

In many of its physical properties As 
is metallic, but in its chemical relations it is 
decidedly non metallic or negative Exhibits 
allotropj , oxides are acid forming (v Abhenic, 
OXIDES or , also Arsenic, acids of) , at the same 
time As 40 g appears to react with bOj, to form a 
salt, and with KH C 4 H 40 fi to form a compound 
analogous with tartar emetic, and with cone 
HClAq to form AsClg {v Arsenious oxide, under 
Arsenic, oxides of) Arsenious acid is unknown, 
and an aqueous solution of the oxide behaves 
towards alkalis as a very feeble salt forming 
compound , but arsenic acid is as strong an acid 
as phosphoric, their relative affinities are nearly 
equal {v Affinity, p 67) The haloid compounds 
of As do not show any marked tendencies to form 
double salts The hydride AsHj does not com 
bine with acids, as NHj and PH 3 do , but at the 
same time compounds belonging to the foim 
ASK 4 X, where B is an alcoholic radicle C„H 2 „+„ 
and X IS a halogen or even OH, are known 
{v Arsenic coatpoundb, organic) For a fuller 
discussion of the chemical relations of arsenic 
V arts Bismuth, chemical relations of, and 
Nitrogen group op elements 

Reactions — 1 Hydrochloric acid, no action 
in absence of air , in presence of air a little AsCl, 
IS formed — 2 Nitric dcid and aqua regm react 
with prodnotion of much heat, oxides of N, 
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As^O^, and H,AeO„ are fonned. — 3 Hot cone 
Mulphuric aetd evolves SO^ and forms As^O^ — 
4 Molte7t potash or soda produces an arsenite and 
H — 5 Molten nitre or potassium chlorate pro 
duces potassium arsenate , the action is more or 
less explosive — 6 Solution of sulphur dioxide 
reacts, when heated with As in a closed tube to 
200°, to produce As^g, S, and H^SO^Aq, but no 
sulphide of As (Geittner, J 1864 143) — 7 Am- 
monia solution is without action on As 

Combinations — 1 With nascent hydrogen 
AsHg and AsH are formed {q v ) — 2 With 
chlorine^ bromine, or iodine, AsClj, AsBrg, or 
Asl, {g V ) 18 produced — 3 With jluoiine (action 
of HI on As^OJ AsFg is formed (q v ) — 4 With 
oxygen As combines to form As^Og (q v ) , As O, 
(<2 f ) 18 produced by heating one of its by 
drates — 5 The sulphides As2S_j and As^S, and 
As bj (q v) are produced by heating together 
arsenic and sulphur , the sulphide As^S is, how 
ever, best obtained by decomposing solutions of 
alkaline sulpharsenates by acid — 6 Tellurium 
combines with arsenic to form As Tcjand As^Te^, 
\\hen the two elements are melted together in 
the required proportions (Oppenheim, J pr 71, 
266) — 7 When arsenic is melted with sulphur 
and selenion in the proportions represented by 
the formula3 As SeS^ and As^SSe , two bodies 
having the compositions indicated are obtained 
The first is a lustrous red semi transparent 
mass from which the whole of the Se separates 
out after some days This body is easily soluble 
(when powdered) inNH^HSAq The bodj As^&Se^ 
IS a ciystallme opaque solid which may be dis 
tilled unchanged , it is less easily soluble in 
>jn,HSAq than As SeS2(v Gerichten, B 7,26) — 

8 Arsenic appeals to be incapable of combining 

with directly [older experiments by 

litindgitbc {S 60, 184) probably yielded onl}- a 
mixture of P and As] , but if AsHg is led into 
PClg, or PHg into AsClg, a red brown solid is ob 
tamed (after drying it appears as a darker powder 
Without lustre) which is insoluble in alcohol, 
ether, and CHClg, but faiil} soluble m CS This 
solid IS PAs , it is changed by water into P As^Oo 
with whicli chlorine reacts to produce AsCl, and 
POCl, The compound PAs is rapidly oxidised 
by concentrated HNOg, less rapidly by dilute 
HNO3, giving H<,As 04 and H3PO4 , solutions of 
kOH, NH4OH, or Ba(OH)2, easily decompose PAs 
(rapidly when warm) producing PH„ AsH„ 
HgPOj, HgAsO,, and As Heated in air PAs burns 
to As O3 and P^Og , heated in absence of air, or 
in CO2, phosphorus sublimes and then arsenic 
The leactions of PgAsgOj are very similar to 
those of PAs {v Janowsky, B 6, 216 , 8, 1636) — 

9 Arsenic forms uZZoys with many Some 

of these are produced by very strongly compress 
ing the constituents (Spring, B 16, 324) These 
alloys are generally brittle, they are only par 
tially, in many cases not at all, separated into 
their constituents by the action of heat out of 
cpntact with air, they are generally oxidised to 
arsenates, and oxides of the metals, by fusion 
with nitre , fused with alkaline carbonates and 
sulphur, thio arsenite or thio arsenate of the alkali 
metal is generally produced, and the metals for- 
merly alloyed with the arsenic are completely 
separated as sulphides Arsenides of heavy 
metals are scarcely if at all attacked by nitrio 
acid or aqua regia Many alloys of arsenic are 


definite compounds, several of them occur 
native as mmerals {v Winkler, J pr 91, 193 , 
S6narmont, A Ch 80, 221 , Rammelsberg, P 
128, 441) The alloys with cobalt, which are 
brittle and iron grey m colour, are formed, with 
production of heat, by melting the elements 
together CoAs occurs native as Smaltine , it 
always contains more or less iron and nickel re 
placing part of the arsenic CojAs,, generally 
containing more or less iron, also occurs nat ve 
as Skutterudite, or Modumite Arsenic alloys 
with copper to form white solids which tarnish 
in the air According to Lippert (/ pr 81, 168) 
the grey deposit obtained by heating copper in 
an HCl solution of arsemous oxide is Cu Asj , 
when this body is heated in hydrogen CUgAs re 
mams The compounds CugAs, CUgAs, and 
Cu^As, occur native as Domeyhite, Algodonite, 
and Darwinite, respectively The alloys of 
arsenic and iron are brittle solids formed by 
melting the elements together , FeAsj and Fe^Asg 
occur native as Arsenical iron, sometimes con 
taming Ag, Au, and Cu Arsenic alloys with 
lead to form brittle solids With nickel, arsenic 
alloys easily , Ni^As is obtained by melting the 
elements together The mmerals Copper nickel 
NiAs, and Cloanthite NiAs , occur native, they 
contain varying quantities of Sb, Fe, Pb, Co, and 
Cu A lustrous crystalline alloy NigASg is ob 
tamed by reducing arsenate of nickel by char 
coal at a high temperature , Ni,As is said to be 
formed when KCN As, and NiO aie fused toge 
ther (JDescampb, C B 86, 1065) Arsenic also 
alloys, with pioduction of much heat, with 
potassium and sodium , the products are de 
composed by watei with formation of KOH (or 
NaOH)Aq, AsHg, and As An alloy of 16 parts 
tin and 1 part arsenic forms large leaf like 
crystals Arsenic is not much used m technical 
cht nnstry , the alloy with lead is employed in 
making shot Arsenic appears to form alloys 
with several other metals, especially Hg (?) Pd 
and Pt By strongly compiessing (6500 atmos ) 
As with various metals. Spring {B 16, 326) ob- 
tained several well defined alloys, e g ZngAsj, 
Cuj\s , Ac Ac 

DiUction — In dry way Arsenic heated 
with slight access of air volatilises with a garlic 
liKe odour (probably due to a little As^Og) and 
condenses on cooling as a lustrous black deposit, 
which IS easily converted into a white crystalline 
sublimate (As^Og) by heating in presence of 
plenty of air Sulphides or oxides of arsenic, 
and the salts of arsemous and arsenic acid, yield 
sublimates of black amorphous arsenic when 
heated with an alkaline carbonate alone or 
mixed with charcoal or KCN {v Fresemus, A 49, 
801 , Rose, P 90, 193) Oxide of arsenic heated 
with much NaCgH Oj m a tube closed at one end 
yields cacodyl oxide, recognised by its foul smell 
In wet way I Arsemous compounds 
(1 ) Sulphuretted hydrogen passed into a solution 
of As^Og, or an arsenite, acidified with HCl, 
forms a bright yellow pp of AS283, soluble in 
NH4OH, NH4SH, and (NH4)2COg. solutions, and 
reprecipitated by HCl AsjS, is said to be 
soluble in a considerable quantity of boihng 
water and in boiling dilute HCl (Odlmg, 0uy*8 
Hosp Bep [3] 1, 239) (n ) Neutral aohiticn 
of silver nitrate produces a canary yellow pp of 
AggAsO, easily soluble m most acids and m 
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ammonia (iii ) Neutral solution of copper suU 
phate precipitates green CuHAsO, (Scheele’s 
green) easily soluble in acids and in ammonia 
(iv ) Reinsch's test {J pr 24, 244) A warm so 
lution of an arsenious compound acidified with 
HCl deposits a film of arsenic on a piece of 
bright copper kept in contact with it for some 
time , this deposit may be oxidised to As^Og by 
heating in air {v supra) The deposit consists 
of AsjCub according to Lippert {J pr 81, 168) 
Arsenic compounds may be detected byBeinsch’s 
test, if present inconsiderable quantity (Werther, 
J pr 82, 286), even in small quantity if heated 
tor some time with HCl (Reinsch, N J P lb, 
135) , the HCl used must not be weaker than 
8 G 1 1 (Bettendorff, ^ [2] 5, 492) According 
to J M Scherer (Pr 3, 200) the delicacies of the 
wet tests are as follows, AgNO. detects — ! 

part of As, CUSO4 detects part, HjS 

detects ^ part, and Reinsch’s test detects 
^ part, or after boiling for ^ hour — ? _ 

IMOOO 850 000 

part of As (v ) Marsh's test When hydroqen 
IS evolved in contact v,ith an acidified solution 
of an arsenious compound, whether by the 
action of zinc (Marsh, B J 17, 191 , 20, 190 , 
22, 175), magnesium (Roussin, J 1866 801), or 
the elec+nc current (Bloxam, C J 13, 14), 
arsenic trihydride is evolved , arsenic may be 
separated by passing the gas through a glass 
tube heated at one part, or by burning the gas 
in a limited supply of air and presenting a cold 
surface of porcelain, or thick platinum (Davy, J 
1858 609), on which the arsenic condenses 
The deposit of arsenic is easily soluble in 
HNOg, S G 1 2 to 1 3 , the solution contains 
aisenious acid (which on boiling for some time 
18 changed to arsenic acid), it gives the cha 
ractenstic yellow pp of Ag^AsOg (v supra) , the 
deposit of arsenic is also easily soluble in 
aqueous NaClO free from Cl , if the deposit is 
warmed in dry H„8 yellow As 83 is produced 
which IS not changed when warmed in a 
curient of dry HCl gas Arsenious hydride 
passed into aqueous AgNOg precipitates Ag, but ' 
the whole of the As remains in solution along ' 
with HNOg formed in the reaction, and may be 
detected by filtering and caiefully neutralising 
the filtrate with dilute ammonia, when yellow 
Ag lAsOg 18 produced [8bH3 precipitates Ag from 
AgNOg but the whole of the 8b is at the same 
time thrown down , the deposit of bb obtained 
by heating, or burning, bblig is insoluble in 
NaClO solution free from Cl, and is much less 
soluble than As m HNOgAq of 8 G 1 2 to 1 3 , 
moreover, the solution in HNOgAq gives no 
reaction with AgNOg Aq and ammonia The 
reactions of the two gases towards AgNO, solution 
affords a means for separating them (Husson, 
C R 83, 199) ] The electrolytic method of 
prepanng AsH, has the advantages (a) of 
avoiding the use of zme which generally contains 
arsenic , (6) of not interfering with the sub 
sequent testmg for other metals , (c) of allowing 
the separation of antimony if present — this is 
done by addmg a little HgS to the liquid, whereby 
As^Sj and Sb^Sg are formed , the former is easily, 
the latter not at all, decomposed by the current 
(Bloxam, C J 13, 14, 888) The presence of 
HNOg preyents the formation of AsH, (Blondlot, 


J 1863 681) (vi ) Bettendorff' 8 test (Z [2j 
6, 492) Stannous chloride in fuming UCl, added 
to a solution of As^O, or ASgO^ in the same acid, 
precipitates metaUic As mixed with a little SnOg 
This test is said to be extremely delicate , it 
may be used to detect As in presence of Sb, also 
to remove AsfromHClAq (v also Hager, J 1870 
966) II Arsenic compounds (1) Neutral 
silver nitrate precipitates red brown Ag3As04 
soluble in NH^OHAq and in HNOgAq, but less 
soluble in HNOgAq than AggAsO,, so that if 
AgNOj is mixed with a solution of an arsenito 
and an arsenate in HNOgAq, and NH^OHAq is 
then added drop by drop, Agg AsOg is precipitated 
before AggAsOg , a solution of arsenic acid in 
nitric acid is precipitated by AgNOg if a few 
drops of a concentrated solution of an alkaline 
acetate are added (Avery, Am S [2] 47, 2j) 
( 11 ) Neutral copper sulphate precipitates bluisJti 
green CuHAsOg soluble m HNO,Aq and in 
NHpHAq (ill ) An alkaline solution of mag 
nesium sulphate, containing enough NH^Cl to 
prevent precipitation of magnesia, precipitates 
white Mg(NH4)As04 , delicacy 1 pait of As in 
56,000 (Levol, B J 28, 130) (cf Estimation of 
Aisenic) (iv ) Ammonium molybdate in excess 
precipitates biight yellow arseno molybdate of 
ammonium from waim (not cold) solutions of 
arsenates containing HNOg (v ) Sulphuretted 
hydioqen slowly reduces arsenic to arsenious acid 
and then (in presence of HCl) precipitates yellow 
ASgSg mixed with 8 (vi) Marsh s test Arsenic 
compounds in solution aie reduced to AsHg by 
hydiogen evolved in contact with the solution , 
the leduction takes place under the same con 
ditions as, but more slowly than, the reduction 
of arsenious compounds (v supra) 

Arsenic may be reduced to arsenious com 
pounds by such deoxidising agents as sulphurous 
or phosphoious acid , the reverse change may be 
accomplished by heating with HNOgAq, HClAq 
and KClOg, Ac 

Detection in cases of poisoning — Arsenious 
oxide or white arsenic is the usual foim m 
which the poison is administered Because of 
the insolubility of this compound, small solid 
pai tides of it may sometimes be picked out of 
the food or contents of the intestine , these 
should be tested by reduction to metallic arsenic, 
&c , in the dry way The poison is, however, 
usually mixed with laige quantities of organic 
matter which must be removed or destro;yed, 
after which the arsenic may be ppd as As^S, 
by long continued passage of HgS, the pp may 
then be dissolved in waim HClAq with a crjs 
tal of KCIO3, free chlorine removed by warming, 
or the pp may be dissolved m warm H SO^Aq, 
and Reinsch’s, or better Marsh’s, test used forde 
tecting the arsenic in solution The organic 
matter may be removed by diffusion (Graham) , 
or it may be destroyed by (a) treatment with warm 
concentrated HjSOgAq, (b) warming with HClAq 
and crystals of KCIO, added from time to time, 
(c) warming with HClAq and a little HNOgAq, 
(a) passing Cl into the liquid instead of adding 
KClOg, (e) heating with HNOgAq till the residue 
IB semi pasty and yellow, adding NaOHAq till 
the acid is neutralised, mixing with powdered 
NojCO, and a little NaNOg, drymg m a crucible 
and gradually heating until the mass fuses 
(Wohler , v also Meyer, A 66, 237) All re* 
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agents used must be oarelully freed from arsenic , 
ft blank experiment should be conducted with the 
reagents alone * (Buiz a Schulz find that car 
tain parts of the animal organism reduce As^Oj 
and also oxidise As^Og, they think that the 
poisonous effects of As .Og are due to rapid da 
oxidation and reoiidation, v B 12, 2199 , 14, 
2100 , 16, 1388 ) 

Estimation ~1 Gravimetric methods 
fi ) As magnesium ammonium arsenate 
Solution of MgSO^ is mixed with excess of 
NH^OHAq and allowed to stand for 12 hours , 
this liquid IS added to the solution containing 
arsenic acid to which an excess of NH^OHAq 
has previously been added After some time 
the pp is collected on a weighed filter, washed 
With ammonia water, and either (a) dried in 
vacuo over H SO,, when it has the composition 
Mg NH^ AsO, 6H^O, ftr (b) dried at 100° to 110° 
whereby 2(Mg NH, AsOJH 0 is produced, or (c) 
strongly heated over a Bunsen lamp (tempera 
ture being gradually raised) whereby Mg As O, 
18 formed Method c is recommended by Puller 
{Fr 10, 41), who states that the best means of 
converting into arsemc acid is treatment 

with red fuming HNO, (v also Rammels 
berg, B 7 644, Wood, Am S [3] 0, 308, 
Hacivor, C N 32, 283) — (ii ) As arsenioua 
£ ulphide Arsenates are reduced to arsenites 
by bOj solution , the arsenious solution is acidi 
hed with HClAq, and As^S, is ppd by long con 
tinned passage of H^S , the pp is washed with 
CS^ to remove any S which it may contain, 
collected on a weighed filter, and dried at 
100°-110° (Puller, Fr 10, 41) — (in) As 

ui any I pyroarsenate Uranic acetate in 
piesence of ammonium salts pps ammonium 
urar^ 1 arsenate NH, UO^ AsO^ + Aq, insoluble 
in svater and acetic acid, but soluble in mineial 
acids When this pp is washed, dried, and 
gradually heated to bright redness, the pyro 
arsenate (UO )2As 0, is obtained This method 
IS recommended by Puller (^ c ) , As Sj may 
be dissolved in HClAq f KC10„ and the As ppd 
after adding NH, C^HjOa and H C^HaO^aq 

II Voluvietric methods — (i ) By 
iodine Arsenious, 18 converted into arsenic, 
acid, by iodine in presence of alkali , a solution 
of NaHCOg saturated in the cold and used in 
excess is the best alkali (Waitz, Fr 10, 158) — 
(ii) By potassium dichromate Arsenites 
are converted into arsenates by the action of 
K Cr 0,Aq in acid solutions , the residual 
K Cr^O, is determined by a solution of FeSO, , 
excess of HCl should be avoided (Kessler, Fr 
10, 205) — (ill) By potassium permanga 
nate Arsemtes aie oxidised to arsenates by 
K,Mn_,0„Aq m solutions containing H SO, , an 
oxceos of K^Mn^Og is added, and the residual 
K^Mn^Og IS determined by FeSO, solution 
(Waltz, lx ) 

' Minute attention to detailed precautions must be ob- 
BC’wod In testing for arsenic in poiwining oases These 
detal 8 will be found In the following memoirs and 
treatises —Marsh, B J 17 191 20, 190 , 22, 176 , Reg 
nault, A Ch [3] 2 169 Presenius a. r Babo A 49, 287 
Wdhler, A 69, 364 , Schneider, P 86, 433 , Fyfe P M 
2 487 , 2ienger, Fr 1, 394 Wohler a. v Slebold, Das 
fot-ens-gerieht V^ahrmbeieinerAraenik Verg\ftimg{\M7) , 
Otto, Aiumittelung der Oifte [English ed. On Poi*onf\ , 
Bragendorfl, Die gerichtlich-chemitehe Ermittetung der Gifte 
(1868) Doflos, PrUfung cAsm Qi/te (1867), Taylors 
Med*eal JurUprudenee , Taylor On Piiaont 
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Beferencss — Besides the papers referred to 
m the article, the folloiving older memoirs on 
arsenic and its compounds may be consulted — 
Scheele, Opus 2, 28 , Bergmann, 0pm 2, 272 , 
Buchholz, S 15, 637 , Laugier, A Ch 85, 26 , 
Fischer, S 6, 236 , 12, 155 , 39, 864 , Thomson, 
S 17, 422, 29, 430, Berzelius, A Ch [2] 5. 
179, 11,225, S 34,46, P 7, 1, 137, Gehlen, 
S 15, 601 , Gay Lussao, A Ch [2] 3, 130 . 
Pfaff, S 45, 95 , Buchner, S 45, 419 , Soubeiran, 
P 19, 991 , Mitscherhch, A Ch [2] 19 

Arsenic acid and Arsenates t; Arsenic, 
ACIDS or 

Arsenic, acids of — (In connection with these 
compounds v arts Acids , Acids, Basicity of , 
Hydroxidils ) Arsenious oxide, As^O,,, dissolves 
in alkalis, forming salts from which other arse 
nites may be obtained , no hydrate of As^Oo is, 
however, known The heat of solution of the 
oxide IS negative, [As*0“, Aq] *= —15,100 Ar 
seme oxide, As 0*, dissolves in water with for 
mation of the hydrate H^AsO^, which crystal 
li&es from concentrated solutions as 2H3ASO4 H^O , 
these crystals heated to 100° lose water, and 
aisenic acid, HjAsO^, remains By the action 
of heat on this acid, two other acids are pro 
duced, viz at 140°-180^ pyroarsenic acid 
H,As 0„ and at 200° metarscnic acid HAsO^ , 
these acids dissolve in water with reproduction 
of HjAsO^ Each arsenic acid yields a senes of 
salts, the arsenates (or ortho arsenates), divisible 
into three classes of the forms MH^AsO „ M H AsO j, 
and M,AsO^ , the pyroarsenates M^As^O, , and 
the metarsenates MAsO, The pyro and met 
arsenates have not been much investigated, 
they appear to exist only as solids and to yield 
arsenates when brought into contact with water 
Thomsen’s thermal examination of the behaviour 
of aqueous solutions of the two oxides of arsenic 
towards soda shows that these solutions differ 
much as regards reactions and hence also as 
regards composition In each case the thermal 
behaviour of the oxide of arsenic is compared 
with that of the corresponding oxide of phos 
phoius (the formula As O3 is used as being 
directly comparable with P^O,) 


£c[As O^Aq, xNaOHAqJ Diff [P^O’Aq, icNaOHAq] 


1 

7,300 


13,700 

11,800 

2 

13,800 

1,200 

400 

28,600 

8 

15,000 


28,900 



600 


G 

15,600 



— 

X [As 

0*Aq, xNaOHAij] Dlff [P'’0*Aq,xNaOHAq] 

1 

14,800 


1 

16,000 


12,300 

12,600 

2 

27,100 

6,900 

8,400 

27,600 

8 

84,000 

1,300 

1,400 

86,000 

6 

35,300 

37.400 


The mean thermal value of the reaction which 
occurs when one formula weight of soda la 
added to an acid is 13,500, this value is 
reached when 2NaOHAq is added to ASjO,Aq, 
but a httle more heat is produced when a third 
formula weight of soda is added The values 
when baryta solution is used are [As 0*Aq, 
BaOAq] - 14,000 , [As^O’Aq, 2BaOAq] - 16.600 
It seems probable that the soda repots i![ith 
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water and arsenious oxide, not with arsenious 
acid, to produce an areenite NaAsO^HAsO^, 
analogous to potaesium arsenite, and that 
addition of more soda changes this either into 
the normal, or some other, arsenite 

I Arsenious acid and Arsenites (Pasteur, 
A 68, 808 , Filhol, A C8, 8u8 , Kuhn, Ar Ph 
[?1 69, 267 , Streng, A 129, 238 , Stem, A 74, 
218, Reynoso, C P 31, G8 , Girard, C P 34, 
918, 86, 973, Bloxam, C J 16, 281) No 
arsenious acid has been obtained in separate 
form , but an aqueous solution of the oxide 
As^O„ reacts with bases to form unstable salts 
the compositions of which may be veil lepre 
sented by regarding them as derived from one 
or other of the three hypothetical arsenious 
acids, Hj,As08( = A8(0H),), HAsO^( •= AsO OH), 
- Ab^O(OH) J Ihe arsenites as a class 
are very easily decomposed , the ammonium 
salt gives off ammonia at ordinary temperatures 
and pressures, its aqueous solution yields pure 
ASjO^on evaporation, the potassium and sodum 
salts are decomposed in solution by carbon 
dioxide with separation of As^O^ CaO, BaO, and 
SrO, dissolve when boiled with water and As^Oy, 
addition of lime baryta or strontia water pre 
cipitates arsenites insoluble in water, but solu 
ble in acids and in ammonia Solutions of 
aisenites of metals which form sulphides soluble 
in water are decomposed by H^S with precipita 
tion of As^^Sg , if the metal of the arsenite forms a 
sulphide insoluble in water then H S precipitates 
this sulphide along with As^S, Many arsenites 
are not, however, decomposed by metals even 
when the oxide of the metal of the arsenite is 
insoluble in potash Insoluble arsenites are 
obtained by adding a soluble salt of the metal 
to a solution of K or Na arsenite All arsenites. 
With the exception of those of the alkali metals, 
Bie partially or wholly insoluble in water, when 
formed they usually retain some arsenious oxide, 
BO that it 18 difficult, and sometimes impossible, 
to obtain definite compounds of fixed composi 
tion Most arsenites are decomposed by heat 
with formation of an arsenate and arsenic , 
headed with carbon, or with carbon and boiax, 
the whole of the arsenic is usually separated m 
the metallic state Heated with ammonium 
chloride, most arsenites yield AsCl, and chloride 
of the metal of the arsenite Solutions of the 
alkalme arsenites exposed to the air absorb 
oxygen and produce arsenates (Fresenius, J 
1856 882) 

Arsenites Ammomum arsenites NH^ AsO^ 
(Pasteur, Bloxam) , (NHj)^A8^0j (Stem) By dis 
solving As^O, in cone aqueous NH, , white 
lustrous prisms, very soluble in water 

Barium arscnifcs Ba(As02)2, white gelatinous 
pp by adding BaCljAq to i^sO^Aq (Filhol) 
BaH4(AsO,)5 , by mixing BaCl^Aq with As^O^Aq 
and NHgAq (Bloxam) Ba^As^Oj 4H3O , by dis 
solving AS4O* in BaOAq (Stem) j 

Calcium arsenites Solutions of the various 
potassium arsemtes mixed with CaCl^Aq yield 
pps of varymg composition (Filhol, Stem) A 
boiling solution of A8^0„ added to CaOAq pre- 
cipitates Ca,(AsO,)2 (Kflhn) CaClaAq mixed with 
As^O^Aq and N^Aq precipitates Ca(As02)2 
( Simon , P 40, 417) As^O^q with excess of CaOAq 
precipitates (Stem) 

Cobalt arsenite, CIo,H,(AsO,)4 HjO , rose red 


pp produced by reaction of KAsO^Aq witb 
CoCl^Aq in presence of NH,ClAq 

Copper arsenites CuSO^Aq + KAsO^Aq, of 
ammoniacal CuS04Aq + As^O^Aq, yields a light 
green pp (Scheele’s green) of CuHAsO, , soluble 
in NHjAq with formation of HgAsO^ and Cu^O, 
soluble in KOHAq with formation of K^AsO^, 
and Cu^O, which precipitates , when heated, 
CuHAsOj evolves As and H^O, and a mixture of 
CuO and copper arsenide remains By digesting 
CuCOj with H^O and As^Ou and evaporating the 
I solution, a yellow green salt, probably Cu( A sO^)^, 
18 produced 

Iron arsenites Ferrous arsenite Fe^As 0* 
IS a greenish white pp , soluble in NHgAq, ob 
tamed by mixing FeSO^Aq with As^O Aq and a 
little NHjAq Various ferric arsenites appear 
to exist Freshly precipitated Fe2(OH)6 digested 
with cone As^O^Aq contaihmg not more than 
^ as much As^Oy as there is Fe2(OH)y, completely 
converts all the As^Oy into an insoluble salt 
(Bunsen) , with less re^(OH)a the whole of the 
As,Og 18 not removed from solution, a basic salt, 
leAsOgFe^Og, is produced from which water 
lemoves some As^Oy A basic salt (rusty red, 
hard, soluble m NaOHAq), 21'eAsOg Fe 0, 7H2O, 
18 produced (a) by adding Fe^SSOiAq or Fe^ClyAq 
to KAbO Aq, (6) by oxidising FebO^Aq by aqua 
regia, neutralising by NH,Aq, adding a satu- 
rated solution of As^Ofl in NaOHAq, and allow- 
ing to stand for twelve hours Another salt, 
2reAs08 Fe^Oj SHp, is obtained, as an ochre 
yellow pp drying to a brown mass, on mixing 
ASjOyAq or KAsO^Aq with Fe (C HjO )oAq, water 
withdraws part of the acid from this salt , it is 
decomposed by heat, losing all its arsenious 
acid (Simon) , only a part of its acid (Bunsen , v 
also Grimaux, Bl [2] 42, 211) 

Lead arsenites PbjAsO^)^ is a white pp 
(Filhol), melting to a yellow glass (Berzelius), 
obtained by adding KAsO^Aq to Pb(C2Hj,02)2Aq 
I Other salts are known PbvA820(?) by precipita 
ting Pb(C H202)2Aq by As^O^Aq and NH,Aq 
(Filhol, Bloxam) , Pb3(AsO,)2, by precipitating 
Pb(C2H302)2Aq by (a) boiling As^O^Aq (Kuhn, 
Bloxam), or (6) As^Og m NaOHAq (Streng, A 
129, 238) 

Magnesium arsenites A solution of As^O« in 
excess of NHgAq mixed with MgSO^Aq with 
NH.ClAq gives a pp which is Mgj(As08)2 (^^tein), 
MgHAsOg HgO (Bloxam) , heated to above 250® 
Mg^As^Oj remains Other salts appear to exist, 
but their composition is vague and uncertain 
{v Filhol, I c ) 

Manganese arsenite Mn3He(AsO,)4 2H2O is 
a bght rose red pp obtained by addmg 
NH4As02Aq to MnS04Aq 

Mercury arsenites Composition undecided 
Hg2NO,Aq mixed with As^O^Aq gives a white 
pp soluble in KAsOxAq , if excess of KOH is 
present Hg is precipitated An arsenite of mer- 
cury seems to be formed by mixmg HgNO,Aq 
witn KA802Aq, or by digesting As40,Aq 
with Hg 

Nickel arsenite Ni,H3(A80s)4H20 is ob- 
tained as a greenish white pp on adding KAsOjAq 
to NiCljAq containing much NH^Cl , heated m 
air, this salt loses H^O, then AB4O4, and yellow 
infusible Ni3(As04), remains 

Potassvum arsenites The acid salt 
EAsOrHAsOx HgO is produced by addmg alcohol 
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to a solution of much As^O* m KOHAq (Pasteur, 
Bloxam) By digesting this salt with K^COjAq 
tlie neutral salt KAsO^ is produced (Pasteur, 
Filhol), by treating this with KOHAq and pre- 
cipitating by alcohol the salt K4AsjOs is formed 
(Bloxam) Two double salts, KAsOj HAsO^AsOI 
and KjHj SAs^Oj, 2KI are described by Emmet 
(Am S [2] 18, 683), and Harms (A 91, 371), 
obtained by adding KIAq to As^OgAq, or KIAq 
to KAsO^Aq oontammg so much HOjHjO^ that 
no brown colour is produced with turmeric 
paper 

Silver arsenites AgsAsOj, a yellow pp ob 
tamed by adding As^O^Aq neutralised by NHjAq 
to AgNO^Aq (Kuhn, Filhol, Bloxam) , soluble m 
HNO„ H C H^O^, NH^Aq and solutions of ammo 
mum salts, also m KOHAq , solutions are not 
precipitated by KC'iVi, but dissolve freshly pre 
pared AgCl Heated alone or with alkalis it 
IS decomposed , 

4 \g3AsOa = Ag,0 + 2Ag + 2Ag,AsOj r As^O, 
(Wohler, A 101, 363) Other silver arsenites 
are described by Harms (Z c ) 

Sodium arsenites None obtained pure , 
seem to be all very soluble in water (Pasteur, 
Filhol, Bloxam) 

Strontium arsenite Sr(A80J^ 4Hp By 
mixing SrCl Aq with KAsOjAq and allowing to 
deposit crystals slowly (Stein) 

'J in arsenites Scarcely known , both stan 
nous and stannic arsenites seem to exist 

II Arsenic ACID and Arsenates — (Setterberg, 
B J 26, 206 , Baumann, Ar Ph 36, 36 , Kod 
Bchonbey, J pr 49, 182 , Field, C J 11, 6 , 
Uelsmann, Zeits f d ges Naturwiss 23, 347 , 
bchiff, A 112, 88 , Maumen6, C R 58, 260 , 
Debray, ^ Ch [3] 61, 419, also C E 69,40, 
Lechartier, C R Q5 172, Salkowski, / pr 104, 
129) The conditions of formation of the three 
arsenic acids, HgAsO^, HAsOj, and H^As^, have 
been already described (p 305) The following 
thermal data are given by Thomsen [Th 2, 236) 
As, O*, H»] = 215,630 , [As, 0 ‘, H», Aq] = 216,230 , 
As O', 3HO] = 6,800, [AsO'H», Aq]- 
- 400, [As’, 0^ H^] = 360,830 , [As^O', Aq] = 6,000 , 
[As O’, 0^ - 64,710 , [As O’Aq, O^ - 78,260 

The following heats of neutralisation are also 
given by Thomsen (Th 1, 196) 

n [NaOHAq, 7tH’AsO*Aq] ; 

6,233 
11,972 
13,790 
14,994 
2 14,724 


n [nNaOHAq, H’AsO^Aq]. 
4 7,362 

1 14,994 

2 27,680 

d 85,916 

6 87,400 


Diir 

12,686 

7,330 

1,484 


The acid HjAsO^ is therefore tnbasic , but as 
the reaction of the third formula weight of soda 
18 accompanied by the production of not much 
more than half the quantity of heat which 
accompanies the reaction of the first or second 
formula weight, it is probable that this acid 
belongs to the same class of tribasio acids as 


1 
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phosphoric acid, which class is represented by 
Thomsen by the typical formula HR(OH)iH 
(v Acids, basicity or) The relative aflfimty of 
arsenic acid (v Affinity) is 21 (that of HNO, « 
100) which is a little less than the value for 
phosphoric acid 

The acid HjAsO^ forms translucent crystals , 
the acid H,As^O, clear lustrous crystals , and 
the meta acid HAsO, a white somewhat irides 
cent solid , the ortho acid dissolves m water with 
disappearance of heat (v supra), the other acids 
dissolve with production of heat and formation 
of the ortho acid, [H'As’O’, Aq] *=1,300 (Thom 
sen, B 7, 1003) 

The following facts refer to the ortho acid 
HjAsOi 

Formation —By action of HNOaAq on As or 
As.O, 

Preparation — Arsenious oxide is suspended in 
water and chlorine is passed in , the solution is eva 
porated to diyness in a platinum dish, the tempe 
rature not being allowed to rise much above 100° , 
the residue is dissolved in water and evaporated 
slowly at 100° , after a time small needle shaped 
crystals of HjAsO^ separate out (E Kopp, J pr 
69, 270) 

Properties — Action of heat already desonbed 
(v p 305) Aqueous solution tastes sour and 
metallic , it bums the skin The most concen 
trated solution has S G 2 5 , the following table 
gives some data regarding 8 G of aqueous 
solutions (Schiff, A 113, 181) 

8 G at 15° 1 7346 Pctge of H,AsO, 67 4 
„ 1 3973 „ 46 0 

„ 12350 n SOO 

„ 1 1606 H 22 5 

„ 1 1052 „ 15 0 

„ 1 0495 „ 7 5 

Reactions — 1 Heated with carbon, many 
metals, or potassium cyanide, it yields arsenic — 
2 Heated with cone hydrochloric acid AsCl, 
and Cl are produced , if the S G of the aqueous 
HCl used 18 less than 1 04 no AsCl, is produced 
(Fresenius and Souchay, Fr 1, 448) , with acid 
of 8 G 11 traces of AsCl, are formed (Maj ihofer, 
A 158,326)— 3 Sulphurous acid producea suae 
nious oxide and sulphuric acid (Wohler, A 30, 
224) — 4 Zinc and iron dissolve in aqueous 
HgAsO^ with evolution of H and AsH, and pro- 
duction of gelatinous solids (? arsenates of Zn or 
Fe) , in presence of H^804, these metals pre- 
cipitate As, and evolve H and AsH, — 6 Sul 
phydric acid (H28) reduces HgAsO^ in solution 
to As^O,, with precipitation of 8, and then 
throws down As^S, , this reaction takes place 
slowly at 10°-15°, but more rapidly at f)0°-70° 

6 Sodium thiosulphate solution, m presence o£ 
HCl, produces a pp of As^S, (q v ) — 7 Tung- 
state of potassium, ammonium, and silver when 
evaporated with KH^AsO^ solution yield complex 
compounds, viz , 6 WO, As^O, 8K3O 8ii^O , 

6WO, AsA 4(NH,),0 6H,0 , and 
16WO, ASjO, 6Ag,0 11H,0 (Gibbs, P Am A 
15, 1 , 16, 109 , V also Debray, C B 78, 1408 ; 
and Seyberth, B 7, also Sonnensohem, J pr- 
68, 339, 391) Derivatives of arsemo acid in 
which OH is replaced by Cl, or Br, or I, are 
not known 

Arsenates Arsenates are isomorphous with 
corresponding phosphates The arsenates of the 
alkali metals, and the aoid arsenates of the 

xa 
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Alkaline earth metals, are soluble m water , they 
lose all their arsenic as chloiide by strongly 
heating with sal ammoniac (Rose, P 110, 463) 
The neutral and basic arsenates are easily soln 
ble in mmeral acids, including arsenic acid. 
Debray (Z c ) describes a senes of amorphous 
Arsenates, MH AsO^ H O, obtained by precipi 
taiing alkaline arsenates by salts of the metals 
JM , these arsenates become crystalline, accord 
ing to Debray, by long continued digestion with 
the liquids in which they are produced By 
fusing chlorides and fluorides with arsenates, 
Xcchartier (Z c ) obtained a senes of crystaTme 
salts analogous m composition to Wagnerite and 
Apatite , thus 

Corresponding to WagnenU [(PO* F MgJ] 
AsO^ Cl Caj 
AsO, C1(F) Mg, 

AsO, Cl Mg, 

AsO^ Cl Mn, 

Corresponding to Apatite [(POJ, C](F) CaJ 
(AsO,), Cl Ca, (AsO,), Cl Sr, 

AsO,), C1{F) Ca, (AsOJ, Cl Ba, 
(AsO,), Cl Pb. 

Debray also obtained the following crystallised 
insoluble arsenates by digesting arsenic acid 
solution with carbonates of the various metals j 
2A80,CaHH,0, AsO.CuH, 2AsO,CuH3Hp, 
<As0J,Cu,4H,0, and AsO,Cu (CuOH) Arse i 
nates are usually prepared by adding | 
Ka,HA80^Aq to solutions of salts of the various ^ 
metals, using the calculated masses of the re 
acting bodies 

Alumiynum arsenate White pp by adding 
ft soluble arsenate to a solution of an A1 salt 

Ammonium arsenates (NH^) H AsO^ , by 
adding NH,Aq to cone HjAsO^ until the pp which 
forms IS dissolved (Salkowski) (NHJgAsO, 3H,0, 
by adding considerable excess of hHgAq to 
HjAsOAfl NHjH AsO^ , by adding one for 
mula V eight Hj,AsO. to one formula weight 
(NH,);aAsO, 

Barium arsenates BaHAsO^ , crystalline, 
obtained by adding Na,HAsO^Aq to BaClAq 
Ba,2A804, crystalline, obtained by adding 
N^a^sO^Aq to BaCl Aq , acted on by water 
it forms the salt BaHAB04 (Field) The salt 
BaF4(As04)2 IS obtained by dissolving BaHAsO^ 
in warm HjAsOAq and allowing to crystallise 
(Setterberg) Two barium ammonium arsenates 
2BaNH.A804H,0, and BaH,(NH4),(AsOJ, are 
described (Baumann, Mitsoherlich) 

Bismuth arsenate 2B1ASO4 H,0 , yellow 
ish white pp insoluble in water and HNOgAq, 
soluble in HClAq , insoluble m a cone solution of 
Bi3NO, containing a little free acid (Schneider, 
J pr [2] 20, 41^} 

Cadmium arsenates White crystalline pps 
obtained by precipitating solution of Cd salts by 
^a HAsOAq ♦ two are^known, Cd,(AsO.)- 8H .0 
and CdjH,(As04)4 4K,0 (Salkowski) 

Calcium arsenates Ca If ASO4 , prepared hke 
BaHAsO^, occurs native as Ph^nacoli*^ By 
treatment with NHAg this saJt yields Cas(AsO)4 
(Kotschonbey) Two calcium ammonium ar 
senates are described, CaH,(NH4)2(As04), and 
CaNH, ASO4 ® or 7H2O (Baumann, Kotschonbey, 
also Bloxam, C N b4, 163) The salt Ca^As^O, 
18 obtaine 1 by strongly heating Ca.NH4AB04 TH-O 
(Bloxam) ^ 


Cerium arsenate CeHAs04, insoluble la 
water, soluble m excess of H^AsOAq 

Cohalt arsenates C0HASO4 is unknown , 
CoH,(As 04)2 obtained by evaporating %n vacuo 
solution of CoO H^O in excess of HgAsOAq Oobal 
tic arsenate, CO42ASO48HP (Karsten, P GO, 266) 
18 a reddish powder obtained by precipitating the 
solution of a Co salt by NajAsO^Aq, occurs 
native as Cohalt bloom An impure basic arsen 
ate of cobalt is known m commerce as Chaux 
metallique 

Copper arsenates Cu3H2(As04), 2H2O , ob- 
tained as a blue pp by adding (NH,)^HA80Aq 
to CuSOAq and drying at 130° (Salkowski) 
Cu 3 (As 04)2 18 a green powder obtained by pre 
cipitating CuSO^Aq with Na^HAsO^Aq , this 
salt dissolves in NH,Aq, and on long 
standing, clear blue crystals having the 
composition [(NH3)2 Cu] 2 (As 04)2 separate out 
(Damour, D J 26, 247 , and 27, 181) Various 
basic arsenates of copper occur native as 
minerals {v Colonano, Dl [2] 45, 707) 

Chromium arsenates Chromic arsenate is 
a green pp obtained by mixing solutions of a 
chromic salt and KgAsO^ composition uncertain 
By mixing solutions of K CrO, and HjA804 
bchwei7er (J pr 39, 267) obtained a gelatinous 
pp having the composition (dried at 100°) 
(Cr0),A804 K,H(Ab04), 4H,0 
Didytmum ai senate 

Di,(As 04 ) DiH( \ 804)2 Hp, by boiling H,As04Aq 
with D12O5 (Maiignac, A Ch 88, 185) 

Iridium arsenate is a brown pp 
Iron arsenates The ferrous salt is obtained 
by double decomposition , it oxidises easily , 
after drying, its composition is Fe OAsO, 5^H 0 
(Wittstein, Viertel jahrsschr pr Pharm 15, 
185) The ferric salt (?I'eH,(As04) ) is obtained 
by mixing ie.Cl^Aq with Na^HAsO^Aq , it is a 
white powder which loses water on heating and 
becomes reddish, soluble in H3As04Aq, but this 
solution soon decomposes, unless very con 
centrated, depositing Fe2(OH),, (liunge, Fr 0, 185) 
Various other feme arsenates of uncertain com 
position have been described by Berzelius {v also 
Grimaux, Bl [2] 42, 211) 

Lead arsenates The salt PbHAsO^ ih ob 
tamed by double decomposition (Salkowski) , 
when treated with NH,Aq it yields Pb3(As04) .. 

Lithium arsenates 2Li,A804 H^O is a 
white powdery pp obtained by dissolving 
Li^COj in HjA804Aq and adding NHjAq , when 
this salt is dissolved in HjAsO^Aq, tnmetno 
prisms of 2Lia2A804 SH^O crystalhse out (Ram 
melsberg, P 128, 811) 

Magnesium arsenates 2MgHAs04 ISHL^O , 
white pp by mixmg 6 parts Na2HA804 m solution 
with a dilute solution of 3 parts MgS04 (Graham, 
A 29, 24) Mg,(As04)2 is obtained by boiling the 
preceding salt for some time with cono 
Na2HA804Aq A magnesium ammonium ar 
senate MgNH4A804 GH^O is obtained by adding 
H,As04Aq with excess of NHsAq to MgS04Aq 
containing NH4CI , it is slightly soluble m 
NH4ClAq, strongly heated it loses NH, and 
MgjAs^O, remains [H Rose , Field , Wittstem , 
Puller , ^esenius (Pr 3, 206) , Levol (A Ch 
[3] 17, 60)] A magnesium potassium arsenate 
MgEAs04, and a corresponding sodium salt, are 
obtamed by fusing MgHAs04 with KjCO, and 
KOH (or Na^CO, and NaOH) 
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Manganut arsenates MaHA804 is pro- 
duced by saturating HjAsO^Aq with MnCO, , 
using excess of HjAsO^Aq the salt MnH* (AsOJ, 
IS formed (Schiefer) Themanganese ammonium 
salt MnNH^AsO^ 6H^O is obtained like the 
corresponding Mg salt as a gummy pp which 
becomes crystalline Some basic Mn arsenates 
are described by Coloriano {Bl [2] 45, 709) 

Mercury arsenates The mercurous salt 
Hg^HAsO^ IS a yellowish white pp , which be 
comes orange red, produced by adding HaAsO^Aq 
to HgNOjAq, it IS insoluble m water and 
H C^HsO^Aq, soluble in HNO,Aq When heated, 
this salt loses H^O and Hg, and a mercuric 
salt (piobably Hg As^O ) remains By adding an 
excess of HjAsO^Aq to the mercurous salt, and 
evaporating, the meta salt Hg (AsOj)^ is obtained 
as a white powder, somewhat soluble in 
HNOaAq, decompo^d by HClAq with formation 
of HgCl, decomposed by KOHAq with withdrawal 
of half its arsenic as H^AsO^ (Simon, P 41, 424) 

Molybdenum arsenate is a grey pp (for com 
bmations of As with MoOj and K^O v 
Ahsenic Acid, Reactions, No 7) 

Nickel ai senates Analogous to cobalt 
arsenates {q v ) The salt Ni 3 (AsOJ^ 8H^O 
occurs native as Nickel bloom 

Palladium arsenate is a clear yellow 
pp obtained by heating Na-^HAsO^Aq with 
Bd 2NO,Aq 

Platinum arsenate is a light brown pp 
obtained like the Pd salt 

Potassium arsenates The salts KgAsO^ and 
K HAsO^ are obtained by adding K^COj or KOH 
to HjAsO^Aq , the former crystallises from very 
cone solutions (Graham, P 32, 47) By heat- 
ing together equal parts of KNO, and As^Oj, 
dissolving in water and evaporating, or by 
adding KOHAq to H^AsO^Aq until neutral to 
litmus and crystallising, the salt KH^AsO^ is 
obtained The crystals of this salt are fairly 
soluble in water (S 6° = 19) insoluble m alcohol 
Heated above 288° the salt melts to a glassy 
mass 

Silver arsenates AgjAsO^ is a dark red- 
brown pp produced by mixing HjAsOA^* or 
solution of an alkaline arsenate, with AgNO,Aq , 
it melts to a brownish red glass, it is decora 
posed by HClAq to AgCI and HjAsO^Aq, it is 
soluble in HOjHjO^Aq, NH,Aq, and solutions of 
many NH^ salts By digesting this salt for some 
time at a gentle heat with H^O^Aq a white 
salt, 2AgAsO, As^Oj, is obtained 

Sodium arsenates Na^HAsO^ 12ELjO, S G 
1 67 (Schiff), IS obtained in large crystals, 
iBomorphous with common sodium phosphate, 
by adding a shght excess of NajCOjAq to 
HjAsO^Aq, and evaporating at a temperature 
not higher than 18° (Fresenius, J pr 66, 30) 
The crystals which form at 20’ and upwards 
oontam 7H2O, S G 1 87 (Schiff) , the crystals 
with I2H2O effloresce quickly, those with 7H2O 
do not The salt melts when heated forming 
a clear transparent liquid At 0° a salt 
crystallises with IS^HjO (Setterberg) The 
salt NaH^O^ H^O is formed m large crystals j 
by adding Na^CO,Aq to H^sO^Aq until the 
solution 18 no longer ppd by BaCl^Aq, iso- 
morphous with the oorrespondmg phosphate , 

S G 2 685 (Schiff) A solution of S G about 
17 gives crystals of NaH ,\804 2Ha0 (Joly a. 
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Dufet, C R 102, 1891) A oono solutoon of 

1 H^AsO^ decomposes NaClAq and NaNO, on heat 
mg Two double salts, viz NaKHAsO* 7^0 
(Schiflf), or 9HjO (Kotschonbey), and 
NaNH^HAsO* 4H2O, are described (Uelsmann) 
The former is obtained by neutralising 
NaB[yAs04Aq by K^COsAq, the latter by mixing 

! solutions of Na^jHAsO^ and (NH^jHA-sO^ The 
compound NsjAsO^ NaF I2H4O crystallises m 
monometrio octahedra , it resembles common 
alum m appearance , S G 2 849 , S (25°) *10 6, 
S (75°) = 60 This salt is obtamea by fusing 
together, with special precautions, 1 part As^O^, 
4 parts Na^COj, 8 parts NaNO,, and I part 
CaFg (Bnegleb, A 97, 96) Two compounds 
of sodium arsenates with sulphates seem to 
exist Na^ASgOjB 2Na^S04 (Mitscherlich), and 
Na^Asp, Nap04 (Setterberg) 

Strontium arsenates By adding NapA804Aq 
to SrCl^Aq a pp of SrNaA804 Hp is obtained , 
the filtrate from this when evaporated gives a 
white pp of SrHAsO^ (Salkowski) 

Tin arsenates 2SnHA804 HP , a white pp 
produced by adding excess of KpAsO^Aq to 
SnCl^Aq , by the reverse process the salt 
Sn(SnCl)As04 Hp is said to be formed (Lenn- 
sen, A 114, 113) 

Zinc arsenate Zn3(AsOJj 3Hp is a gela- 
tinous substance (Kottig, J pr 48, 182 and 
256) , the salts ZnHAsO^, ZnH,(As04)2, 
Zn3(ABOj2 NH„ are also known {v also iriedel, 
Bl [2] 6, 433) 

The compositions of the remaining arsenates, 
which have been very slightly investigated, are 
expressed by the following formulas — 

Thallium, T1 ASO4 2Hp Thonum, 
ThHAs04 Uranium, (U0)2HAb04 4Hp , 

the salts (U0)2NaAs04 and (U0)4Cu(As04)28Hp 
are also known (Werther, A 68, 312) Vana~ 
dium, VH2(As04)2. Yttrium, IHA8O4 Arsen- 
ates of titanium and zirconium are said to 
have been obtained 

Arsenic, alloys of, v Absenic, Combinations 
o/. No 9 

Arsenic, ammonio-ohlcride of, v Arsenic 
CHLORIDE, Combinations 0/, No 2 

Arsenic, bromide of AsBr, {Atsenioua 
bromide, Tribromide of aisenic) Mol w 
314 25 [20°-25°] (220°) S G 3 66 (Boedeker, 
J 1860 17) V D 167 5 HI 69,100 solid As, 
gaseoue Br (Guntz, C B 101, 161) S V 8 85 8 

Preparation — 1 Powdered arsenic is shaken 
into a retort filled vnth Br vapour, and the 
bromide is distilled from the excess of As — 

2 Powdered arsenic is added to a mixture of 
1 part Br with 2 parts CS, until the liquid is 
colourless , more Br is then added, followed by 
more As, until the colour is no longer removed 
on the addition of As , the liquid is then filtered 
and evaporated , on standing, the bromide 11 
deposited in crystals (Nickl^, C JR 68, 837 ; 
J Ph [8] 41, 142) 

Properties —Colourless dehquescent pnsnu 
with strong arsenical odour, melting to a pale 
yellow liquid which fumes but slightly in the 
air Volatilises unchanged and yields a crystal* 
hne sublimate 

Reachons — 1 Water, added in small quan- 
tity, produces AsOBr and HBr (? with a little 
arsemous oxide) (Serullas, S 65, M6) , added in 
large quantity, decomposes it into HPr and 
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(Serollai, lx) An aqueous solution 
oontaimng H£r deposits the oxy salts 
SAsOBr SASjO, 12H^O and 2AsOBr 3HP 
(Wallace, P M [4] 17, 261) —2 Ammonium 
bromide added to a cold concentrated aqueous 
solution pps SIX sided tables consisting chiefly 
of AsBr, (Wallace, P M [4] 17, 261) — 

8 Sodium thiosulphate at first produces AsOBr, 
and then As^S, (Nickl^s, J Ph [3] 41, 142) — 

4 Arsenwus oxide dissolves in molten AsBr, , 
on cooling to 150^ the liquid separates into two 
layers, tha upper of which is AsOBr, and the 
lower probably SAsOBr As^, (Wallace, P M 
[4] 17, 261) 

Combinations — With the alkaline bromides 
to form rather unstable crystalhsable com 
pounds (Nickl^s, Ic) 

Arsenic, chloride of AsCl, {Arsenious 
chloinde^ Trichloride of arsenic^ Butter of 
arsenic^ Caustic oil of arsenic) Mol w 181 11 
[below 29°] (130° 2) (Thorpe, G J 37, 352) 

SG f 2 205 (Thorpe, Icj VD 90 75 
Volume at t° = vol at 0° 

+ 000991338^+ 0000008491!"+ 0000000027551f» 
(Thorpe, Zc) SHp 1122, SHv 7034, 
HV 69 74 (Regnault, J 1863 77) HF 

71,460 [solid As and gaseous Cl] {Th 2, 32G) 
Ra 49 69 (Haagen, P 131, 122) S V 94 37 
(Thorpe, I c ) 

Formation — 1 By distilling As^O^ with cone 
H^SO^ and NaCl (Glauber in 1648 , Dumas, P 
9, 808) — 2 By distilling As^O^ with cone HCl 
B By leading dry HCl gas over powdered 
As^Ofl —4 By passing dry HCl gas over gently 
heated powdered As^O, As^O, + lOHCl =■ 

2A8C1, + 2C1, + 5H„0 (Mayrhofer, A 168, 326) — 

6 By adding H^SO^ to a solution of As^O, in 
cone HCl — 6 By heating As S, with SHgCl, m 
a retort (Ludwig, Ar Ph 97, 23) — 7 By the 
action of S^Clj on As (W6hler, A 73, 374) — 

8 By the action of PCI, on As^O, or on As^O, 
(POClj, and in the case of AbjO, free Cl, is also 
formed) (Hintzigand Geuther, A 111, 171) 

Preparation — Coarsely powdered arsenic is 
heated m a retort, dry chlorme is then led in, 
and the contents of the retort are heated , the 
distillate is collected in a dry receiver, and freed 
from excess of chlorine by redistillation from j 
arsenic, or by shaking with mercury, pouring j 
off from the black solid which is formed, and 
redistilhng Or the product may be distilled ' 
upwards for some time in a current of dry CO* i 
(Thorpe, lx ) j 

Properties — A colourless, oily, fuming, very 
poisonous, liquid, mixes with alcohol, ether, and 
liquid oils , it IS decomposed by water {v infra) 
Distilled with aqueous HCl, AsCl, is partly vola 
tilised , HCl prepared from arsenic containing 
H^SO^ always therefore contains AsCl, , arsenious 
chloride when hot dissolves phosphorus and 
sulphur, but they crystallise out again on cool 
mg 

Reaettons —1 With a httle water the solid 
oxychloride AsOCI H,0( »As(OH)^Cl) is produced 
(Wallace, P M [4] 16, 368) With more water, 
especially if hot, AsCl, is decomposed mto HCl 
and Ab, 0„ a great portion of the latter separating 
m the Bohd form — 2 With arsenic hydride 
it reacts to form HCl apd As —3 By the action 
of NO, it is converted into As^O,, NOCi being 


Bimultaneoualy produced (Geuther, / j>r [S] 8, 
354) 

Combinations — 1 Arsenious oxide dissolves 
in boiling AsCl,, and on distillation the oxy 
chloride AsOCl {q v ) is obtained (Wallace, P M 
[4] 16, 358) — 2 Ammonia gas is absorbed by 
AsCl, with production of a white solid, 
2A8C1 s 7NH, according to H Rose (P 62, 62). 
2AsClNH 4NH,C1 NH, according to Pasteur 
{A Ch 68, 307), Michaehs suggests tho for 
mula 2 As(NH3C1)3 NH, {Lehibuch der anoig 
Chem 11 459, [1881]) , this compound is de- 
composed by heat, giving off NH, and then a 
white sublimate containing NH^Cl, it is soluble 
in alcohol, but is decomposed by cold water with 
production of heat and ammonia, from the solu 
tion SIX sided plates crystallise out, having the 
composition As^Cl^N ^H, , these are decomposed 
by cone ammonia with pio^uctionof (NHJAsO, 
which soon decomposes (Pasteur, I c ) — 3 Sul 
phur dichloride, SCI , is said to form a com 
pound 2AsCl, 3SCU, but according to Nilson, the 
product of the action is merely a mixture (J pr 
[2J 12, 295) — 4 With alcohol forms easily de 
composed crystals of AsCl, C,H,0 (De Luynes, 
C R 50, 831) 

Arsenic, fluonde of AsF, {Ar senious fluoiide) 
Mol w 131 9 (60° 4) (Thorpe, C J 37, 352) 

SG f, 2G66 (Thorpe, Ic) VD Cb 1 
SVS 49 5 

Fonnation — By heating sodium or ammo 
mum fluoride with arsenious bromide or chloride 
(Macivor, C N 30, 169) 

Preparation — Equal parts of dry powdered 
fluorspar and arsenious oxide are heated in a 
leaden vessel with 5 parts cone H^SO^ , the dis 
tillate 18 collected m a dry glass receiver 

Properties — A transparent, very volatile, 
fuming, liquid , it acts slowly on glass in a 
closed vessel, but exposed to the air it absorbs 
moisture with production of As^O,, and HP 
which acts on the glass Dropped on the skm 
it evaporates at once but leaves a painful wound 
(Dumas, A Ch [2] 31, 434) It absorbs dry NH, 
m large quantities , miscible with alcohol and 
ether (Macivor, Ic) 

Reaction — With water it forms a clear 
liquid (heat is produced) which soon decomposes 
to AsPe and HF 

Arsenic, haloid compounds of AsF, AsCl, , 
AsBr, , AbI, and Asl,, (? Asl,) All gasified, 
except the di and pent iodide, and molecular 
weights known , v the arts Arsenic, fluoride 

OF, CHLORIDE OF, BROMIDE OF, IODIDES OF, V alsO 

art Haloid compounds 

Arsenic, hydrides of (In connection with 
these compounds v art Hydrides ) Two 
hydndes are known, gaseous AsH,, and solid 
nAsH 

I Arsenic TRraYDRiDE AsH, {Arsenuretted 
hydrogen^ Arsine) Mol vf77 9 [ — 113° 5] ( — 54° 8) 
(Olszewski, W 6,127) (about -40°) VD 
391 (Dumas, ^ Ch 33,355) KJF -361,700 
(solid As) (Ogier, A Ch [6] 20, 6) Discovered 
by Scheele in 1776 

Formation — 1 By dissolving Eino or iron 
in dilute HClAq or H,SO,Aq containing Ab, 0, 
or As,0, — 2 By electrolysis of solution of 
As,0,Aq or As,Oy^q — 8 By the action of organic 
matter on many arsenic compounds, eg the 
action of paper on Bcheele’s green (the air of 



AKSENIC 


811 


rooms the pftper Cn. the walls ci which is 
coloared with Scheele’s green usually contains a 
little AsHy) 

Preparation — 1 By the action of water, or 
better very dilute HCl or H SO^, on the solid 
alloy of As and Na which is obtained by heating 
Na in AsH, obtained by the action of acids on 
Zn containing As (Janowsky, B 6, 216) — 2 By 
the action of H2SO4 diluted with 3 times its 
weight of water on the alloy of As and Zn ob 
tamed by heating equal parts of finely granu 
lated Zn and powdered As in a covered crucible 
(Soubeiran, A Ch [2] 23, 307 , 43, 207) The 
gas 18 collected over boiled water 

Properties — A colourless gas with repulsive 
odour , excessively poisonous (in working with 
this gas it IS impossible to be too careful , more 
than one chemist has been killed by it, e g 
Gehlen in 1815) Easily decomposed by heat 
into its elements even when mixed with much 
hydrogen By the action of the silent electric 
discharge it yields solid As hydride (Ogier, A 
Ch [5j 20, 5) Slightly soluble in water Dry 
ox\gen has no action at ordinary temperatures 

Reactions —1 Heated in air it burns to 
As^Og and HO, in a limited supply of air, to As 
and H^O — 2 Mixed with oxygen and subjected 
to electric discharge, complete decomposition to 
As^Og and H^O occurs explosively — 3 Concen 
trated acids decompose it into its elements, 
cone H^SO,Aq forms also As^S, (Humpert, J 
pr 94, 392) , cone HClAq acting for some 
time forms also AsCl, (Napoli, J pr 64, 93) — 
4 Decomposed by chlorine, bromine, or iodine, 
with production of much heat and formation of 
haloid compounds of As — 6 Sulphuretted 
hydrogen at about 300° forms As^Sj and H — 

6 The haloid acids HCl, HBr, HI, are without 
action on AsHg at ordinary temperatures — 

7 Heated with sulphur, As^Sj and H^S are pro 
duced (Jones, C J [2J 14, 648) — 8 Keacts 
With PCI, to produce AsP and HCl {v Arsenic, 
Combinations of, No 8) — 9 Many metals, e g 
L, Na, Su, heated in AsH, form alloys with As 
and set free H — 10 Many metallic oxides, e g 
CuO, decompose AsH, when heated with it, 
forming arsenides and water (the quantity of 
AsH, in a gaseous mixture may be thus de 
termined) — 11 Absorbed and slowly decomposed 
by alkalis, and by water containing oxygen or 
air — 12 Many metallic salts in aqueous solo 
tions absorb and decompose AsH, , salts of 
metals whose oxides are easily deoxidised 
produce water and arsemous oxide , salts of 
metals whose oxides are not so easily deoxidised 
produce water and arsenic which is precipitated 
with the metal Thus with (1) AgNO„ and (2) 
CUSO4, solution, the reactions are 

(1) 24AgNO,^q + 4AsH, + bH^O = 

AsPgAq + 24HNO,Aq + 24 Ag , 
(2) 2AsH, + 8CuS04Aq = As^Cu, + 3HjS04Aq 
Gold chloride in solution is reduced to gold, 
while AsjO, remams m solution 

References — (Besides those m the text) Marsh, 
B J 17, 191 , 20, 190 , 22, 175 , Stromeyer, 
Comment Soc Oiitt 16, 141, Proust, Scher J 
8, 285 , Fischer, P 9, 261 , Myers, A 159, 127 , 
Parsons, C N 35, 235 

II Solid arsenic hydride, nAsH Mol w 
nnknown Janowsky (B 6, 220) states that 
vhen potassium or sodium arsenide is deoom 


posed by water, a solid, brown, velvet like, oom 
pound of As and H, in the ratio As H, separates 
out When dilute acids are used m place of water, 
AsH, 19 evolved and As deposited According 
to Ogier {A Ch [5] 20, 5), sohd nAsH is pro 
duced by the action of the silent discharge on 
AsH, Older observations recorded the produc 
tion of a solid compound of As and H by the 
action of dilute acids on arsenide of zinc 
(t> especially Wiederhold, P 118, 615), but those 
are contradicted by Janowsky {I c ) According 
to Blondlot {A Ch [3] 68, 186), a solid hydride 
of arsenic is produced (1) in a Marsh’s apparatus 
when a little HNO, is present, and (2) when 
AsH, is passed into aqueous AgNO„ excess of 
Ag IS removed by adding NaCl, a drop of HNO,Aq 
IS added, and a piece of Zn is placed in the 
liquid 

Arsenic, hydroxides of The compounds of 
As, O, and H, are acid^i , v Arsenic, acids of 
{v also arts Acids, and Hydroxides) 

Arsenic, iodides of 

I Arsenious iodide, AsI, {Tmwdide of ar 
seme) Mol w 454 59 (394° to 414°) (Carnelley 
a Williams, C J 33, 283) S G 4 39 VD 
227 3 S 30 12 at 100° H F solid As, gaseous 
I [As, PJ = 28,800 (Guntz, C R 101, 161) S V S 
103 6 

Formation — 1 By subliming together 1 part 
As and 3 parts I in a retort arranged so that the 
sublimate condenses in the neck , the sublimate 
IS treated with hot alcohol from which the AsI, 
crystallises on cooling (Bette, ASI, 349) — 2 By 
boiling 8 parts powdered As and 10 parts I with 
water, filtering, and evaporating (Plisson, S 55, 
335) — 3 By acting on AsCl, with cone HI 
solution [HCl 18 evolved] (Hautefeuille, Bl [2] 
7, 198) — 4 By adding a concentrated solution 
of KI to a hot solution of As,Oj in HClAq (Bam- 
berger a Philipp, B 14, 2643) 

Preparation — A saturated solution of iodine 
in ether is heated to boiling with excess of 
powdered As in a flask with an upright con 
denser , the liquid is filtered while hot on 
coohng, well formed crystals of AsI, are obtained 
(Wiggers, Michaelis’s Lehrbuch der anorgan 
Chem [1881] 2, 462) 

Properties and Reactions — Lustrous, red, 
hexagonal, tables, a c = 1 2 998 (details of cryst 
form, V Fnedlander, Z K 3, 214) Soluble in 
alcohol, ether, benzene, &o , soluble in much 
water, soluble without change i» alcohol , de 
composed by a little water with formation of 
4AsOI SAs^Og 24H4O , action of boiling H^O pro- 
duces AbOI A 84O, which deposits on cooling 
(Wallace, P M [4] 17, 122) 

Combinations — 1 With iodides of the alkali 
metals to form very unstable compounds (Nicklda, 
C R 48, 237) —2 When ammonia is passed 
into a solution of AsI, in benzene, a bulky white 
pp of 2 AbI, 9NH, IS produced (Bamberger a 
Phihpp, P 14,2643) 

Reactions — 1 Heated with oxygen, iodine ifl 
evolved and As 46, is produced — 2 Heated with 
alcohol, ethyho iodide is formed (Bamberger lu 
Phihpp, B 14, 2643) 

II Arsenic dhodide AsI, (Bambergei lu 
Philipp, B 14, 2643) Mol w unknown 

Preparatioru—Oue part As is heated with $ 
parts I to 230° in a sealed tube, the product iS 
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dissolved in OS^ in an atmosphere of CO^, and 
the liquid 18 allowed to deposit crystals 

Propel ties — Thin prisms of a dark cherry 
red colour 

Peacivms — Very easily oxidised Decom 
posed by water to Asl, and As , (3As =» 
2AsI, + As) 

III Arsfnic pentiodide According to Sloan 
(0 iV 4C, 194) a brown crystalline solid, con 
taming As and I in the ratio As 51, is obtained 
by heating As with a slight excess of I to 100° 
for some time in an atmosphere of CO^ The 
body IS easily decomposed to Asl, and I, by heat 
or by solution m ether or CS^ 

Arsenic, oxides of (In connection with 
these compounds, v art Oxides ) Arsenic forms 
two well defined oxides, arsenious oxide As^O , 
which has been gasified, and arsenic oxide, As^O , 
which has not been gasified both act as anhy 
dudes , the acid corresponding to the former is 
not known, but many arsenites, M ^AsOj,, have been 
prepared Three arsenic acids are known corre 
spending in composition to the three phosphoric 
acids, two of these exist only as solids, they all 
readily lose water yielding the anhydride As^^ 
The greyish film which forms on the surface of 
arsen c exposed to the air has been regarded as 
a Buboxide, but no definite proof of the existence 
of an oxide with less 0 than As^O^ has been 
given 

I Arsenious Oxide As^O^ Mol w 895 36 
{Arsenic tnoxidet White arsenic, Arsenious an- 
hydride, Arsenious acid ) Vitreous As^O^ melts 
under pressure, crystalline vaporises without 
melting (Wfihler, Om 4, 255) S G vitreous 
8 698 to 8 738 , cryst 3 85 to 4 15 {v Claudet, 
C J [2] 6,179,andGroth.P 137,42b) VD 198 
(at white heat, V Meyer, B 12,1117) CE (cubic 
at 40°) 00012378 (Fizeau, C R 02, 1133) S 
(13°) vitreous, 4 , cryst 1 2 to 1 3 S (100°) 11 
mussy, A 64, 280) S (15° standing for some 
days) cryst 28 , vitreous 92, S (saturated at 
100° and then cooled to IS'") cryst 2 18 , 
vitreous, 3 33 (Buchner, J Ph [3J 1, 421) 

S (alcohol, 15°) cryst 25 , vitreous, 1 00 
(Girardin, J Ph [3] 46, 2G9) S (ether) 0 
H F 309,340 , H F in aqueous solution, 
294,240, [As'0«,Aq]= -15,100 (T/i 2,236) SH 
cryst 1279 S V S vitreous, 100 3, cryst 98 9 

Occurrence — Native, as the mineral Arsenite 
(or Arsenolite) , whenever arsenic volatilises in 
contact with air, or aisenic containing minerals 
are heated m air 

Preparation — Obtained as a principal pro- 
duct m the roasting of arsenical pyrites, and as 
a secondary product in the roasting of arsenical 
ores of Sn, Co, Ni, oi Ag The oxide is condensed 
in chambers, and purified by resublimation 
Extremely poisonous , doses of 0 6 gram are 
usually fatal (but v Boscoe *On the alleged 
Practice of Arsenic eating in Styria,' Mem of 
L%i andPhxL Soc of Manchester, 1860) 

Properties — Exists in three forms, amor- 
phous, regular octahsdra, and trxmetric prisms 
{abc 3758 I 35) , the first passes slowly into 
the second form on keeping , the third is ob 
tamed under special conditions (v infra) The 
change from amorphous to octahedral arsenious 
oxide IS attended with production of 5,300 gram 
units of heat, and that from amorphous to pns- 
luatio with 24,950 units per As 40 ^ grams (Favre; 


Troost and Hautefeuille, C R 69, 48) Amor« 
phous arsenious oxide is produced by con- 
densing the vapour on a surface slightly cooler 
than the temperature of volatilisation of the oxide, 
it IS a transparent glass like solid which gradu 
ally becomes opaque because of formation of 
octahedral crystals The octahedral oxide la 
produced by cooling the vapour quickly , by 
crystallising either of the other forms from 
water, by treating the amorphous Ijrm with 
ammonia solution and washing with water 
This form 18 obtained pure by fusing commeicial 
arsenious oxide with carbonate of sodium and 
nitre dissolving the arsenate of sodium so formed 
mwatei, liltermg from sodium antimonate which 
remains, and reducing with SO solution Ac 
cording to H Rose (P 35, 481) a solution of 
2-3 parts amorphous As^O^ in 12 parts boiling 
cone HClAq deposits crystals of the octahedral 
oxide when very slowly cooled, the formation 
of each crystal being accompanied by a flash of 
light , a similar solution of the crystalline 
oxide does not behave m this way The tri 
metric prismatic variety of As^O^ is obtained 
by saturating with As.O^, and then allowing to 
cool, a boiling solution of potash (Pasteur, C R 
24, 474) , Wohler found this oxide m an oven m 
which arsenical ores had been roasted (P 2b, 
177) , Claudet found it native at San Domingos, 
in Portugal (C J [2j G, 179) , Kuhn obtained 
fiom a solution of AggAsO^, in HNO, (J 1852 
378, V also Uhrich, J 1858 173), Soheurer 
Kestner found it in pipes leading from the 
pyrites burners to the chambers of a sulphuric 
acid works {Bl [2] 10, 444) The three forms 
of ASjO, may be obtained, according to Debray 
{C R 58, 1209), by heating the oxide m a closed 
glass tube half immersed in sand, in an upright 
position, the lower part being at about 400° , on 
cooling, the lowest part of the tube contains 
amorphous, the middle part tnmetrio crystals, 
and the uppermost part octahedral crystals, 
of As^O« Arsenious oxide is iso dimorphous 
with antiraonious oxide The vitreous (amor 
phous) variety may be fused before volatilising , 
the crystalline sublimes without melting, even 
under pressure (Wohler, Gm 4, 255) The 
vapour is colourless and inodorous The solu 
bilities in water of the three forms are different 
{v supra), long continued contact with hot water 
decreases the solubility of the vitreous form 
inasmuch as it is thus changed to the octahedral 
form Many acids dissolve As^O^, the vitreous 
more rapidly than the crystalline varieties 
(Bacaloglo, J pr 83, 111) , from these solutions 
the oxide crystallises on cooling , in the case of 
HClAq some AsClj remains in solution, tartaric 
acid is, however, said to form a salt analogous to 
tartar emetic An aqueous solution of As^O, 
slightly reddens litmus, but no acid has been 
obtained m definite form The oxide must be 
regarded as a feebly acid forming oxide possessing 
at the same time salt formmg tendencies {v 
Arsenious acid and Arsentteb , and also, infra. 
Reactions, especially Nos 2, 10, and 11, and 
Combinations, No 2) 

Reactions — Arsenions oxide acts both as a 
reducing and an oxidising agent , it deoxidises 
nitnc, manganic, chromic, hypochlorous, acids, 
&Q , with formation of arsenic acid , it oxidises 
carbon, sulphur, phosphorus, bydro^n, sodium, 
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p3taasmm, carbon monoxide, potassium ojamde 
&o , when heated with these bodies The oxide m 
solution IS oxidised to arsenic oxide by chlorine, 
bromine, or iodine, in presence of alkaline bicar 
bonates , on this fact is based the use of As^O^Aq 
in volumetric analysis 1 Chlorine passed over 
the dry oxide at a moderate temperature forms 
AsClj (Weber, P 112, 019) , in solution chlorine 
produces arsenic acid and HOlAq , %odine and 
bromine act similarly in presence of alkaline 
bicarbonates — 2 Hydrochloric acid forms some 
AsClj, but m presence of HNO, or KCIO, only 
As^Os IS produced — 3 Free oxygen does not 
oxidise As^Ob ordinary temperatures, but if a 
plate of Pt IS partly immersed in solution of 
As^Og in HClAq the oxygen coming off from the 
Pt produces As^g (Berthelot, G B 84, 1408) — 
4 An aqueous solution of As^Og heated to 200^ 
with pJiosphorus yields phosphide of arsenic 
(Oppenheim, Bl [2] 1, 103) — 5 Na amalgam 
appears to reduce As,Og \q with production of a 
solution which acts as an energetic reducer 
(Fremy, C R 70,61) — 6 Phosphorus trichloride 
reacts at 110°-ld0'^ according to the equation 
6 Aq + I2PCI3 = 2As^ + GP^O^Aq + 12A8Cl3Aq 
(Michaelis, J Z Q, 239) —7 Phosphorus penta 
chloride produces AsCl, and POCI3 (Hurtzig 
a Gouther, A 111, 159) -8 When As,0 Aq 
IS shaken with ammonia solution^ an unstable 
compound is formed (De Luynes, G B 44, 
1353) — 9 Phosphorous and hypophosphorous 
acids precipitate arsenic and produce phosphoric 
acid — 10 Sulphydmc acid (H S) passed into an 
aqueous solution of As^Og forms As^Sj which is 
ppd on addition of an acid {v Arsenious sun 
piiide) — 11 Ammonium hydrogen tartrate solu 
tion IS said to dissolve As,Og , on cooling, crystals 
of a double salt isomorphous with tartar emetic 
separate out (Marignac, Ann M [5] 15, 288). 
Pclouze (A Ch [3] 6, 63) describes a somewhat 
similar salt containing K in place of NH^ 
Neither tartrate has, however, been satis 
factonly examined — 12 Heated in a tube with 
a dry acetate, cacodyl oxide, As^(CHs)^0, is pro 
duced — 13 Heated with dry alkaline earth 
oxides or with dry carbonates of the fixed alkalis, 
an arsenate of the metal is produced along with 
arsenic which sublimes — 14 The oxide dissolves 
in hot solutions of the alkahs but most of it 
pps again on cooling in the air {v Arsenious 
ACID AND ARSENI TFs) — 15 The higher oxidised 
compounds of many metals are reduced by 
As^Og, thus CuO IS reduced to Cu^O, m presence 
of alkali — 16 Many metah, e g zmo, reduce acid 
solutions of As^Og with ppn of As and formation 
of AsHj —17 As^OgAq is reduced by a Cu Zn 
couple with formation of AsH, (Gladstone a 
Tribe, G J 33, 306) —18 Palladium or pla- 
tinum charged with hydrogen separates As from 
As^Og Aq without formation of A^H, (Gladstone, 
Ic ) — 19 Some metallic salts which act as 
reducing agents convert the oxide mto arsenic , 
e g SnClj Aq produces SnCl^, As, and AsH, 
(Kessler, / 1861, 265) —20 Freshly;]^ ferric 
hydrate reacts with As^OgAq or with alkaline 
arsemtes to form an insoluble compound, pro* 
bably arsemte of iron , on this fact is based the 
use of feme hydrate as an antidote in oases of 
arsenic poisoning (o Bunsen and Berthold, 
Das Eisenoxydhydr^, ein Gegengift der arseni 
gen SAure, Gottingen, 1834) 


Combinations — 1 Fused with arsenic oxide 
the body Aa,Oj As_05 is orobably produced 
(Bloxam, C J 18, 62) Other compounds of 
As^Og and As^Og are obtained by oxidising Aa^Og 
by warm HNOgAq {v Joly, G B 100, 1221) — 
2 Dissolves m fuming sulphuric acid, on e\apo 
ration yields needle shaped crystals of As,Og 480, 
which are decomposed by water (Schultz Shellac, 
B 4, 109, gives the formula As^(SOJs SOJ A 
compound of As^Og and SO3 was obtained by 
Schafhautl (B J 22, 113), in the fumes from 
copper smelting works m Wales , and by Beich 
in a canal which carried off the sulphurous acid 
from a pyrites work near Freiberg {J pr 90, 
176) — 3 By cooling mixed hot aqueous solu 
tions of KI, KBr or KCl, and KAsO^, the com 
pounds As^g KI, A8,Og KBr, and As^Og KCl, 
are obtained (Rudorff, B 18, 1441, v also 
Schiff a Sestini, A 228, 72) Rudorff (B 19, 
2678) also describes NHJAs^Og, NH^BrAs^Og, 
and 2NH,C1 As.Og Forms a complex series of 
compounds with M0O3 and WOg and various 
bases (v Gibbs, Am 7, 209 a 313 , (7 JV 48, 
155) 

II Arsenic OXIDE As^O* Mol w unknown, 
not less than that represented by formula (Arse 
me pcntoxide. Arsenic anhydride ) S G 3 734 
(fused oxide) S V S 61 6 H F 219,400 , H F 
in aqueous solution, 225,400 [As 0''Aq,0^] 
-78,350 (Th 2, 236) 

Preparation — Not produced by heating 
arsenic in air or oxygen If aisenic or arsenious 
oxide IS digested with HNO^Aq or with a mixture 
of 1 part HClAq and 12 parts HNOgAq in a 
retort, or if chlorine is led into a warm solution 
of As,Og, arsenic acid, HgAsO,, is produced and 
may be obtained as crystals by cooling a con 
centrated solution When this acid is heated to 
low redness the anhydride As Oj is produced 

Properties — A white solid which slowly 
absorbs moisture from the air with formation of 
HjAsO^Aq Slowly but completely dissolves in 
water forming HgAsO^Aq Heated above low 
redness it yields As,Og and O 

Reactions — 1 Heated with charcoal, many 
metals, or potassium cyanide, it yields As — 
2 Heated with cone hydrochloric acid it yields 
AsCl, , with HCl gas even in the cold the same 
product IS obtained (Souchay, Fr 1, 180 , 
Mayrhofer, A 158, 326) — 3 Reacts with 

phosphorus pentachloride thus As O, + 6PCI, — 
5POC1, + 2C1, -f- 2A8C1, (Hurtzig a Geuther, A 
3, 159) — 4 According to Michaelis (/ Z 0, 
239), the oxide is not acted on by POClt even 
at 200° — 6 Reduced in aqueous solution by 
nascent hydrogen with formation of AsH, , but 
if chlorides are present only a trace of AsH, is 
produced according to Bloxam (C J 16, 56) — 6 
Stannous chloride, in the cold, produces stannous 
pyroarsenate and arsemte, m warm solutions 
produces arsenic and AsH, (Schitf, J 1861 278 , 
Kessler, ibid 265) — 7 With water it reacts 
to produce arsemo acid, H,AsO,Aq Joly (C R 
106, 1262) describes a hydrate Asp, 4H,0 
Arsemo oxide reacts as a strongly acid forming 
oxide and exhibits no tendency to form 
eorrespondmg salts by reactions with acids 
(t? eg reaction with HClAq) — 8 Forms a 
lai^ series of compounds with MoO, or WO, 
and bases (v Gibbs, Am 7, 209 a. 3i8 , O N* 
48, 155) 
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ArMnie oxybromldei of. AsOBr (Bromar- 
ienioua acid) , and ?A840„Br, Mol w unknown, 
not leas than represented by above formula 

Formation — AsOBr is produced by the action 
ol HjtO m limited quantity on AsBr, 

Preparation — Arsenious oxide is dissolved 
In molten AsBr, , the dark viscid liquid which 
results IS distilled till it becomes rather thick, 
and is then cooled to 150° whereat it separates 
into two layers, the upper of which contains the 
oxybromide AsOBr, and the lower probably con 
tains the other oxybromide A40jBr, (Wallace, 
P M [4] 17, 261) 

Properties —Brown, waxy, solid Decom 
posed by heat to AsBr, and As^Og 

Combinations — With water , a hydrate ol 
arsenic oxybromide, 2A80Br 3H^O is obtained 
as thin white pearly crystals by placing a cold 
concentrated aqueous solution of AsBr„ con 
taming HBr, over sulphuric acid (Wallace, I c ) 
If the solution of AsBr, m HBr is boiled, another 
compound, said to have the composition 
4AsBrj llASgOg 24H2O, separates out (Wallace, 
Ic) 

Arienio, oxychlorides of AsOCl (Chlorar 
sentous acid) , and AsjO^Cl Mol ws unknown, 
not less than represented by above formulte 

Formation — When AsCl, is mixed with less 
than Bulhcient water to completely decompose it, 
AsOCl IS formed 

Preparation of A<tOCl — By distilling until 
frothing begins the liquid obtained (a) by dis 
solving As^Og in boiling AsCl, m the proportion 
As^Og 2ABClg, or (b) by leading dry HCl gas 
over dry warm As^Og until almost the whole of 
the latter has been changed to AsClg, and allow 
mg to cool 

Properties of AsOCl — Obtained as above, it 
IS a hard, translucent, slightly fuming solid 
which slowly absorbs oxygen from the air 
(Wallace, P M [4] 16, 358 , Hurtzig a Geuther, 
A 111, 172) 

Combinations — 1 A solution of AsCl, m 
cone HClAq mixed with solid ammonium 
chloride, and allowed to stand, deposits crystals 
of AsOCl H,0, but after some days white fibrous 
needles are formed, which, when dried over 
H^SOg, have the composition AsOCl 2NH^C1. — 2 
With water, a hydrate of AsOCl, having the 
composition AsOCl H20( = A8(0H)2C1) is obtained 
by adding water to AsClj in about the proper 
tion 8HjO AsClj and allowing to stand for some 
days The hydrate forms small star-like crystals 
(Wallace, lx j 

AsgOgCl IS said to be obtamed, as a hard, 
glass hke solid, when AsOCl is heated until 
ASgOg begins to sublime from it (about 218°) 
(Wallace, I c ) 

Arsenic, oxyiodide of AsOI As^Og. Mol w 
unknown Produced in thin pearly lammas, 
according to Wallace (P M [4] 17, 122) by 
slowly ooohng a hot cone solution of Asl, m 
H2O, drying between filter paper, and then over 
H^bOg 

Arienie, pentaflnoride of , double compounds 
containing No gaseous compound of arsemc 
of the type AsXg, where X is a monovalent atom 
or atomic group, has yet been obtamed Solid 
compounds are, however, known, one of the 
constituents of which seems to be the group 
AsFg The following are desenbed by Mangnac 


(A 145, 237) —1 Potassic arsenic fluoride, 
2(KF AsFj) HjO , formed m well developed 
rhombic prisms by dissolvmg potassium arse- 
nate m much hydrofluoric acid — 2 Potassic 
arsenic oxyfiuoride, KF AsOF, H^O , formed in 
acute rhombic plates by repeated evaporation 
of the solution from which compound No 1 
18 obtained, or by dissolving potassium arsenate 
in a small quantity of HFAq — 3 Dipotassic^ 
arsenic fluor^, 2KF AaFj H^O , large, lustrous, 
rhombic prisms, obtamed by adding KFAq to 
a solution m HFAq of either of the preceding 
salts, and evaporating — 4 The double salt 
4KF AsFj AsOFj SH^O is said to be produced 
when a solution m HFAq of salt No 3 is 
repeatedly evaporated 

Arsenic phosphide of, v Arsenic, Combiiia 
tions No 8 

Arsenic selenides of ^d Seleno sulphides 

of, V Arsenic, Combinations, No 7 

Arsenic, sulphides of (In connection with 
these compounds v art Sulphides ) Three 
sulphides of arsenic are known , As^S^, As^Sj, 
and As^bj None of these has been gasified, 
hence the formulre do not necessarily repiesent 
molecules of the compounds As^S^ 

As bs occur native as Realgar and Orpnnent 
respectively The t^vo sulphides As^b^ and 
As Sj are salt foimmg , they dissolve in alkali 
sulphides with production of thio arsenites 
MjAsSg Ac , or thio arsenates M^AsS^ Ac {v 
infra) The disulphide, As^b , is not salt forming , 
Berzelius’s statement that it combines with 
various metallic sulphides has been shown to be 
erroneous (Nilson, B 4, 989) 

I Arsenic disulphide As^S^ {Realgar, 
Red orpnnent, Ruby sulphur) S G 3 4-3 6 
H 15-2 Mol w unknown 8 VS 611 

Occurrence — Native, as Realgar, accompany 
mg ores of silver and lead, &c 

Preparation — 1 By heating together As and 
8, or As^Sj with As, m the proper proportions — 

2 By heating As^O,, with 8, m the proportion 
AS4O0 78, repeatedly subliming the mass from 
end to end of a glass tube m a stream of CO^ 
(Nilson, J pr [2] 8, 89) — 3 By heating As 8, 
with NaHCOgAq m a closed tube to 150°, 
crystals are thus obtamed ^ mm long (Sdnar 
mont, A Ch [3] 82, 129) — 4 On the large scale, 
impure, containing As^O* (Hausmann, A 74, 
19C), by subliming a mixture of arsenical pyrites 
and iron pyrites 

Properties — Occurs native m monoclmio 
pnsms, a 5 c « 1 82 1 4866 , 0 = 85°16' , orange- 
red, more or less translucent, resinous lustre, con 
choidal fracture Pure AsjSj is transparent, ruby 
colour, easily fusible, and crystalline after fusion , 
it bums m the air with a blue flame forming 80, 
and As^O, It is used as a pigment, also m pyro 
techny 

Reactions — 1 Nitric acid oxidises As^S, to 
H,Ab 04, H,SO,Aq, H^SO^Aq, and 8 —2 Heated 
m a current of chlorine, 8,01, and AsCl, are pro 
duced (Nilson, J pr [2] 12, 295 , 13, 1) — 

3 Heated in hydrogen, As and 11,8 are ^rmed 
(N ) — 4 Solution of potash partially dissolves 
AbjS,, with formation of AsjS, which then 
forms KAsS,Aq, and production of As (N ) — 
5 It 18 slightly soluble m solutions of the 
dlkah metal sulphides -^6 It is electrolysed 
to As and S by a powerful battery (Lapschm 
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Tichanowitsch, O C [2] 6, 613) — 7 Heated 
with wdtne, the oompound As^S, Asl^(» AsSl) is 
produced (^hneider, J jpr [2] 23, 48t>) 

II Absenio TBisuLPHiDE As^S, (Arsenw>i4s stt? 
phtde, Sulpharsenvous anhydride^ Orptment^ 
Yellow sulphide of arsenic) Mol w uiJtnown 
8 G 3 46-3 48 S V S 70 9 

Occurrence —Native as Orpiment 

Formation —1 By heating to 70°-80° a so 
lution of Na^CO), saturated with As^S, (Nilson, 
J pr [2] 12, 295, 13, 1) —2 Impure, commer 
cial, by subliming together 7 parts powdered 
As^O, with 1 part 8 

Preparation — 1 By subliming together As 
and 8 in the proper proportions — 2 By satu 
rating As^O^Aq with H^S a little HClAq being 
added If no mineral acid is added the As^S, 
produced remains in solution in a colloidal foim 
^Schneider, J pr [2 j 25, 431) 

Properties — Occurs native in tnmetnc prisms 
{ahc^ 603 1 674) tianslucent, lemon or slightly 
orange yellow Prepared in the wet way it 
forms a lemon yellow powder which becomes 
darker when heated Melts easily and volati 
lises at a higher temperature When H^S is 
passed into AsP^Aq, As^Sj is formed but remains 
in solution in colloidal form , a saturated so 
lution contains 34 4b pc As^Sj , it is slowly 
decomposed on standing, but may be boiled 
without precipitation of As^S, , bone char re 
moves all the As^S, from solution , most acids 
and many salts precipitate As^Sg (Schneider, 
J pr [2] 25, 431) Used as a pigment, also as 
a reducing agent m dyeing, also as a depi 
latory 

Reactions — 1 Long continued action of hot 
water produces H^S and As^O^Aq according to 
Field (0 N 3, 114) --2 Dilute acids do not act 
on As^Sg , cone HClAq produces AsClg , cone 
HNOjAq produces H SO^Aq, S, and H3A804Aq 
8 Fused with potassium hydrogen sulphate^ 
SOg IS evolved, and KHAsO^ and K^SO^ remain 
4 Chlorine acts readily, a brown liquid is 
formed said to be a chlorosulphideof As (H Rose) , 
heated with chlorine, AsClg is produced (Ludwig, 
Ar Ph 97, 23) — 6 Passed over hot iron, silver, 
&c , sulphide of the metal is formed, and arsenic 
which partially alloys with the metal — 6 Passed 
over red hot lime, sulphide and arsenate of 
calcium, and arsenic are produced — 7 Heated 
with sodium or potassium carbonate, a mirror of 
As is obtained, along with arsenate and thio 
arsenate of the alkali metal , if the mixture is 
heated m hydrogen the arsenate is reduced 
(Rose, P 90, 665) — 8 Heated with an alkaline 
carbonate and charcoal or potassium cyanide, a 
mirror of As is obtamed , according to I resenius 
{A 49, 287), the whole of the As in the AsgS, is 
thus obtamed , according to Rose (PA C 1853 
694), some of the As forms thio arsenate (KCNS 
bemg also produced) which is not reduced No 
mirror of As is obtained (Bose) if As^S, is mixed 
with excess of B and heated with ECN, the 
presence of an easily reduced metal is also said 
to prevent the formation of As, because the As 
alloys with the metal If the mixture of As^S, 
with Na,CO, (or KjCOg) and KCN is heated in 
hydrogen, the whole of the arsenic is obtained as 
metal (oomp Bose, P 90, 565, with Nilson, A 
49, 287) —9 ASgS, readily dissolves in cold 


SIS 

aqueous potash, soda, or ammonia, forming an 
arsenite and a thio arsenite , thus 
2As,S, + 4KOHAq » 

KAsOjAq + SKAsSgAq + 2Hp , 
on adding an acid to the solution the whole of 
the As IS precipitated as As^S, , thus 

KAsOgAq + 8KAsS^q + 4HClAq - 
4KClAq + 2As,Sg + 2H,0 
If oxide of Ag or Pb is added to a solution 
of AsgSg m NHgAq and the solution is boiled, 
the whole of the S is precipitated as Ag^S or 
PbS, and Ag or Pb arsenite remains in solution 
10 When AsgS, is boiled with a solution of 
sodium or potassium carbonate, As^S, is precipi 
tated, CO^ and H^S are evolved, and the solution 
contains the following salts, NagS 3A84S, , 
Na,0 2ABgS,0,, Na^AsS^, NagHAsO^, NaHCOg, 
(Nilson, J pr [2J 14, 1, 145) —11 As, 8, is 
easily soluble in a hot solution of potassium 
hydrogen sulphite , thus, 2As,Sj + 16KHSOj Aq =» 
4KABO,Aq + eKgSAAq + 780 Aq + 38 + 8H,0 
Combinations — As, S3 acts as a salt forming 
sulphide, or anhydride of a thio acid , it com 
bines with the sulphides of the alkali and 
alkaline earth metals, and with some metallic 
hydrosulphides, to form thio arsenites {q v under 
Absenic, thio acids or) The following are the 
typical reactions 

1 As2Sg + KSAq = 2(ABSSKAq) 

2 ASaSg + eNH^HSAq = 2(A8 (SNH,),Aq) + 8H,S 

3 A8,S3 + 2(NH,),SAq = A8,S(SNH4),Aq 

III — Absenio pentasui phide A8,Sj {Per 
sulphide of Arsenic) Mol w unknown 

Preparation — 1 By melting As with con 
siderable excess of 8, a thin, transparent, liquid 
is obtained which solidifies to an elastic mass, 
and after some time becomes hard , if this hard 
solid 18 powdered and treated with NHjAq a 
solution of A8,S5 is obtained from which the 
sulphide IS thrown down on addition of HClAq 
(G6I18, A Ch [4J 30, 114) —2 A solution of 
Na,8 is digested with A8,S, and enough 8 to 
form A8,S5 , oQ evaporating and cooling large 
crystals of 2Na3AsS4 15H,0 are obtamed 
(Rammelsberg, P 62, 249 , 90, 40) , when HClAq 
18 added to a solution of this salt, As,S, is pre 
cipitated and H^S is evolved (Fuchs, Fr 1, 189 , 
Fluckiger, Vurteljahrsschr pr Pharm 12, 330 , 
Eckert, ibid 13, 8o7) The product of the 
action of H,S on HjA804Aq is not A8,8j, as was 
once supposed, but is a mixture of As^S, and S 
(2H,A804 Aq + 2H28 » As,0 , Aq + 6H,0 -i- 8, , 
As,0,Aq + 3H,S = As, 8, + 3H,0) (v Ludwig, 
Ar Ph [2] 97, 82 , also H Bose, P 107, 186) 
Properties — A yellow powder, easily fusible, 
may be sublimed in a stream of a gas which 
does not act on it 

Reactions —1 Heated in a stream of 
hydrogen, it is reduced to metallic As, and H^8 
2 Dissolves easily in ammonia, potash, and 
soda solutions, with pioduction of thio arsenate, 
and arsenate, of the alkali metal — 8 Dissolves 
easily in solutions of alkali sulphides, forming 
thio arsenates The sulphide As, 8* behaves aa 
a salt forming compound, or as the anhydride 
of thio arsenic acid , the salts which are generally 
formed directly from it are pyro-thio arsenates 
M4A83S, , these yield two other series of salts, 
VIZ ortho thio arsenates M,AbS 4, and meta thsa* 
arsenates MAsS, (v Absenic, thio acois of). 
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Artenio, Bulpho aoidi of, v Abssnig thxo- 

JkClDB OF 

Arsenic, sulpho (or tMo ) bromide ot 

AsS^Br,( = AsSBr SBfj) Mol w unknoAvn. 
[ — 17°] Dark red crystals deposited at —18° 
on addition of a small quantity of powdered 
As to a solution of S m Br in ratio S Brj , 
decomposed by water into AB 40 ttAq, HBrAq, and 
S (Hannay, C J 33, 291) 

Arsenic, snlpho (or thio ) iodide of AsSI 
Said to be formed by the mutual action of As^S^ 
and I (Schneider, J pr [2] 23, 486) 

Arsenic, sulphydrates (or hydrosulpbides) of 
Only one compound As, S, and H is definitely 
known, AsS(SH) 5 , v Thtoarsemcacidsunder 
Aksknic, thio acids or [v also the art Hydro- 
guLP ^ideb) 

Arsenic, tellurides of, v Arsenic, Combina 
tvons, No 6 

Arsenic, tbio acids of (In connection with 
these compounds v the art Hydrosulphides ) 
Arsenious sulphide, As S,, dissolves in alkalis or 
alkali sulphides to form salts, and from these 
other salts are obtained by double decomposition 
The sulphide As^S^ may be regarded as the anhy 
dride of three thio acids AsS SH, As(SH) 3 , and 
As^S(SH)„ corresponding to the three hjpothe 
ticaloxy acids {v Apsenious acid) , none of these 
acids is known, all attempts to prepare them 
having resulted only m the production of As S, 
and H 8, but thio orsulph arse aites are knoun 
belonging to the three types, MAsS^ MgAsSj, 
and M^As The more impoitantof these salts 
are described below Arsenic pentasulphide, 
As^Sj, dissolves in alkalis and alkali sulphides 
to form Balts from which other salts aie ob 
tamed (u infra) According to Nilson {J pr [2] 
14, 1, 145) the pp obtained by adding dilute 
HClAq to a solution of NajAsS^ {v Arsenic 
PENTASULPHIDE, Preparation of) has the compo 
Bition of ortho thio arsenic acid H^AsS^ [ = 
AsS(8H)j, no other thio arsenic acid is known, 
but the salts may be divided into thiee classes, 
analogous to the arsenates, \iz pyro thio 
arsenates M^As^S (h-ypothetical acid^H^As^Sj), 
meta thio arsenates MAsS, (hypothetical acid = 
HAsSj), and ortho thio arsenates M,AsS 4 (acid 
(?) H,A884) 

I Thio absenites As already stated, no 
thio arsenious acid is known The salts which 
have been examined belong for the most part to 
the type M4Ab^Sj , they are produced either by 
the direct union of As^S, with metallic hydro 
sulphides, e g Ba 2 As^S 4 , or by ordinary double de- 
composition of (NH 4 ) 4 AajSjAq by solutions of 
metallic salts, e g Pb^SjSj A few salts belong 
ing to the formB MAsS, and M^AsS,, are also 
known, e g KAsSj and K^sS, , they ore formed 
by the action of alkaU sulphides on As^S, 
(comp reactions given for Arsenic trisulphide, 
p 315) The thio arsemtes of the alkah and 
alkahne earth metals and of magnesium are 
soluble in water, but the solutions are decom 
posed on boihng, the others are insoluble in 
water Most of these salts give off all their sul- 
phur when strongly heated out of contact with 
air These salts have been chiefly mvestigated 
by Berzelius {v Om 4, 275) 

Only those salts which have been fairly 
satisfactorily examined are mentioned in the 
folio iving brief aooount — 


Amvumium thio -arsemtes (S'^l^)^K9^S^ if^ 
obtained by dissolving As^Sj in (NHJ^SAq and 
adding alcohol , if NH^HSAq is added before 
precipitating by alcohol the salt oStained has the 
composition (NH 4 ) 3 A 8 S, 

Banum thio arsemtes Ba^SjS, is obtained 
as a pasty brownish red very soluble mass by 
digesting AsjSg with BaS HjAq , from the solu- 
tion alcohol throws down Ba,(AsS 8)2 

Calcium thio arsemtes The salt CQ.^{k6S^)i 
19 obtained as crystals by digesting As^S, with 
milk of lime and allowing the solution to evapo 
rate , from the brownish mother liquor alcohol 
preciintates white Caj,(AsS 3 ) 2 15H O 

Lithium thio arsemtes Closely resemble 
the potassium salts {q v ) 

Potassium thio aisenites The salt KAsS, 
may be obtained m solution by dissolving As^S, 
in KjSAq, but this soliftion decomposes on 
evaporation , in the solid form by heating KAsS^ 
or by fusing As^Sj with K^CO, By adding alco- 
hol to a solution of As 8^ m K^SAq, a white pp, 
of KgAsSj 18 obtained All these salts readily 
undeigo change in aqueous solutions Berzelius 
describes seveial other more or less indefinite 
bodies as potassium thio arsemtes 

Sodium thio arstnites Closely analogous 
to the potassium salts 

The following thio arsemtes seem also to 
exist, they are generally obtained from 
(NHJ^As SjAq by double decomposition — 
(BiS) 4 As 285 , CeASjSj, CdjAs Sj, Co^Aa 85 , 
CujAs^Sj , Fe^As 8 , Au^(As 2 S )^ , Mg^As 85 , 
Mn^As^Sj, Hg^As Sj , Hg(A 8 Sj 2 » Ni^As^S^, 
Bn A 8283 , SnA 8284 , Pt^AsgS^ , Ag^As 284 , 

(US) 4 As 2 B 5 , ZnA-s^Sa Thio arsemtes of chro 
mium, molybdenum, and zirconium, seem also 
to exist 

II Thio arsenates As already stated, it is 
probable that ortho thio ai seme acid H 3 A 8 S 4 
has been prepared The thio ai senates may be 
divided into three classes, of which the thice 
potassium salts are repiesentatives K^As^S;, 
K 3 A 8 S 4 , and KAsS, The thio arsenates are 
obtained 1 By digesting As^B^ with solutions 
of the alkali sulphides, on cooling some As^B, is 
precipitated — 2 By dissolving As^Sj in solutions 
of alkali polysulphides — 3 By precipitating 
solutions of arsenates by H^S, or by (NH 4 ) 2 SAq , 
in the latter case the liquids must be boiled to 
remove NH, — 4 By fusing As 85 with alkali 
carbonates — 6 By ^ssolving AsjS^ in KOHAq 
or NaOH aq , arsenate is formed as well as thic 
arsenate The thio arsenates of the alkali metals 
are yellow or red, very soluble in water, crystal- 
lisable, fairly stable, compounds , their aqueous 
solutions are slowly decomposed by exposure to 
air The other thio arsenates are more easily 
decomposed , those of the heavy metals are in- 
soluble in water , they are best prepared by de 
composing the solution of on alkah thio-arsenata 
by a solution of a salt of the metal Soluble 
thio arsenates are decomposed by HClAq with 
precipitation of AsjB, The salts obtained by 
the methods enumerated are usually pyro thio- 
arsenates M 4 AS 3 S, , the meta and ortho salts 
are produced from these, very frequently by the 
action of alcohol on their solutions , alcohol 
usually precipitates an ortho salt and leaves 
a meta- salt in solution The ortho salts are fre- 
quently crystalline , most of the others are 
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Amorphous Heated in absence of air, most 
thio-arsenates yield thio arsenites, and then 
As S, which sublimes, and a metalho sulphide 
which remains , some, however, are unchanged 
by heat alone, e g M,A8S4 where M»Li, K, Na 
Heated in air, the thio arsenates, as a class, give 
off As^S, and As^O^, and leave a sulphate m the 
oases of alkaline salts, or an oxide in the cases 
of salts of heavy metals The thio-arsenates 
have been chiefly investigated by Berzelius (v 
Qm 4, 276) , also by Nilson (/ pr [2j 12, 295 , 
13,1) 

The following are the thio arsenates which 
liave been fairly well investigated — 

Ammonium thio arsenates The pyro salt 
(NH,)^As^S, has not been obtamed as a solid a 
solution of As^Sj in (NHJjSAq probably contains 
this salt, it IS decomposed on evaporation , 
alcohol precipitates the ortho salt {NH,)jAsS4 
in white prismatic crystals, while the meta salt 
NH,AsS, remains in solution 

Barium thio arsenates A solution of 
BaHAsO^ IS decomposed by H^S, but the pure 
pyro thio arsenate, Ba^s^S,, has not been ob- 
tamed , this solution IS decomposed by alcohol 
into Baj(AsS ,) which pi ecipitates, and Ba(AsS3)2 
which remains in solution 

Magnesium thio arsenates The pyro salt 
Mg As S, IS a yellow solid, very soluble in water , 
by adding Mg(SH) Aq to this solution until H S 
ceases to come off, and evaporating in vacuoy 
crystals of Mg^(AsS4)2 are obtained , alcohol 
decomposes this salt, dissolving out MgAs^S, 

Potassium thw arsenates The pyro salt, 
K As^S,, IS best obtained by treating KgHAsO^Aq 
vMth H S and evaporating in vacuo , it forms a 
yellow viscid mass which liquefies on exposure 
to the air and then crystallises in rhombic 
plates By adding alcohol to a cone solution of 
this salt an oily liquid is obtained \\hich 
civstalhses tv hen warmed giving KgAsS,, and 
KAsSj lemains in solution A salt containing 
both sulphur and oxygen, AsSO OK H^O is 
described by Bouquet and Cloez {A Ch [3] 13, 
41), produced by the action of H^S on cold 
satuiated K HAsO^Aq , it may perhaps be le 
garded as a double compound of the hypothetical 
OKysulphide As^S^O, with KjO, but the data are 
very meagre 

Sodium thw arsenates The ortho salt 
2Na3AsS4 15H 0 is obtained m large white, or 
yellowish, monoclinio prisms, by digesting 
Na^SAq with As^S^, or with As^Ss and suthcient 
b ♦c foim As^Sj, and allowing to crystallise (Frese 
iiijs, Fr 1, 192) The same salt is also obtained 
by decomposing NojHAsO^Aq by HjS. and adding 
alcohol to the solution, according to the con 
ditions under which this liquid is allowed to 
crystallise, crystals of varying form and some 
vrliat varying apxiearance are obtained (Berze 
lius) The crystals are not dehydrated in dry 
air, but when slowly heated the salt may be 
obtained without water of crystallisation It is 
doubtful whether the meta and pyro thio- 
arsenates have been obtained, the solution 
from which the ortho salt is thrown down by 
alcohol probably contains NaAsS,, and the solu- 
tion before alcohol is added probably con- 
tains Na^AsjS, The double thio-arsenate 
Na,(NH4),(A6Sj2 la also desonbed Berzelius 
{le.) 


Besides the above salts, the follow mg thio 
arsenates seem to have been obtamed in fairly 
definite forms Ca^AsjS,, 0aj(A8S4), , Ce^As^S,, 
CejfAs^)}, Ce4(As2S7)4 , Co^Aa^S, , Au4(A8^S,)j , 
Fe4(As2S,)„ Fe2As2S, , Pb^As^S,, Pbj|(A8S4)2, 
Mn^3,S,, Hg^AsjS^, Hg^AsaS,, Ag4As2S,, 
(UShAssS, Thio arsenates of Sb, Be, Bi, Cd, 
Or, Li, Ni, Pt, Sr, Y, Zn, and Zr, probably exist. 

Arsenio acid and Arsenates v Absenio, acids 
or 

Arsenides Binary compounds of arsenic 
with more positive elements, v Arsenic, Com* 
binatums, No 9 

Arsenioos acids and Arsenites, v Arsenic, 
Acids or M M P M 

ARSENIC COHPOITNDS, ORGANIC This 

article is devoted to compounds in whose mole- 
cules arsenic is supposed to be directly united 
to carbon They are produced by distilling 
alkyl iodides wuth an alloy of arsenic with 
potassium or sodium (thus Mel gives As Me^, 
AsMeg, and AsMeJ — Cahours a Bicbe, C Ji 
39, 641), or by heating AsClg with compounds 
of mercury with alkyls or aromatic radicles or 
by the action of sodium on a mixtuic of AsCl, 
and a haloid derivative The methyl derivatives 
will be described first, followed by the methyl- 
ethyl, ethyl, phenyl, and finally by the benzyl, 
derivatives The nomenclature employed is 
somewhat different from that used for derivatives 
of nitrogen Thus the radicles AsMe, AsMe^, 
AsMe„ and AsMe^ are called methyl arsine, di- 
methyl arsine, tri methyl arsine, and tetra 
methyl arsonmm respectively 

Methyl arsine dichlonde AsMeCl^ (133°) 
At 40°-60° di methyl arsine trichloride pio 
duces AsMeClj thus AsMe^Cl, == MeCl + AsMeCl^ 
Liquid which does not fume M sol water but 
not decomposed by it It violently attacks the 
mucous membrane At — 10° absorbs Cl^ form 
ing AsMeCl^ which at 0° splits up into MeCl 
and AsClj (Baeyei, A 107, 257) 

Methyl-arsine di-iodide AsMel [o 26°] 
From the oxide, AsMeO, and HI From cacodyl 
and iodine (Cahours, C B 50, 1022) Yellow 
needles (from alcohol) Converted by H^S into 
AsMeS, and by HCl into AsMeClj 

Methyl arsine sulphide AsMeS [110°] 
From H^S and AsMeCl^ Plates (from alcohol) 
Insol water Pps Ag, Cu, and Pb, as sulphides 
from their salts 

Methyl-arsine disulphide AsMeS^ Formed 
by passing H^S into an acidified solution of 
methane arsomc acid (O Meyer, B 1C, 1440) 

Methyl-arsine oxide AsMeO [95°] Formed 
by action of K^CO, on the chlonde AsMeClj 
Crystallises from CS^ in irregular cubes, smells 
like Asa fcetida M sol cold, v sol hot, water, 
slightly volatile in vapour of water and alcohol , 
V sol aqueous acids forming neutral solutions. 

Methane arsomc acid MeABO(OH)2. From 
AsMeCi^ and excess of moist Ag/) From 
AsMeO in aqueous solution by action of HgO 
From aqueous sodium arsenite and Mol (M ) 
Large spear shaped laminai composed of small 
needles (from alcohol) 

Balts — BaA'',5H20 ppd as anhydrous 
rhombic crystals, by adding alcohol to aqueous 
solution , the crystals soon change to hydrated 
I needles — Ag^A" nacreous orystalg which 
I plode above 100°. — CaA" aq 
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Tetra*xnethyl di-arsenide As^Me^ Cacodyl 
Alkarsin Mol w 210 [c — 6°J {c 170°) 
VD 7 1(air = l) 

Preparation — By heating di methyl arsine 
chlonde (cacodyl chlonde) with zme at 100° m 
bulbs filled with CO^ (Bunsen, P 40, 219 , 42, 
145 , A 37, 1 , 42, 14 , 46, 1) 

Pro? erttes — Stinking oil , heavier than 
water Takes fire m air or in chlorine Keduoes 
HgCl, to mercurous chloride 

Reaction — AsjMe^ + 2MeI — AsMeJ + AsMejI 
(Cahours, A 122,209) 

Combinations — When gradually mixed with 
air, chlorine, or bromine, it forms derivatives 
of cacodyl, behavmg like a molecule of such 
a metal as potassium (AsMe2)2 + Clj = 
2(AsMe3)Cl, and (A8Me2)2 + 0 = (A8Me2)o0 
Tetra - xneihyl - di - arsine oxide (AsMe ) O 
Cacodyl oxide Mol w 226 [c —25'^] (120°) 
8 G 1 462 V D 7 55 (calc 7 83) 

Formation — Cadet’s fluid {Crell N Chem 
Arch 1, 212), obtained by distilling KOAc with 
an equal weight of As^O,, is cacodyl oxide mixed 
With some cacodyl HgO converts both into 
cacodylic acid, whence a mixture of HgCl^ and 
fuming HCl forms cacodyl chloride The latter 
IS converted into cacodyl oxide by distilling 
with aqueous potash in a current of CO, 
(Baeyer, A 107, 282) 2A8Me,Cl + 2KHO = 
H,0 + 2KCU(AsMe,),0 

Properties —Vungent, stinking oil Slowly 
oxidises in air forming cacodylic acid Acids 
convert it into salts of cacodjl 

Compounds — Forms with HgClj a com- 
pound (AsMe2)202HgCl„ crystallising m tii 
metric plates S 3 47 at 100° Distilled with 
fuming HCl this forms cacodyl chloride — 
(AsMe,)202HgBr2 — (A8Me2),0§AgN0s explodes 
at 100° — (ABMe2)20PtCl2aq red brown pp 
converted by KBr into (AsMcJ^OPtBr, aq, and 
by KI into (AsMe3)20Ptl2 

Di methyl arsine chloride AsMe, Cl (c 100°) 
V D 4 56 (calc 4 85) Obtained from cacodylic 
acid as above , or by action of chlorine water 
on cacodyl — Heavy oil , attacks the mucous 
membrane , combines with Cl, forming ABMe,Cl, 
Zn, Sn, and Fe liberate As, Me, 

Compounds — AsMe,Cl CuCl (Bunsen) — 
(A8Me,Cl),PtCl, 

Dimethyl arsine bromide AsMe,Br yellowoil 
Di methyl areme iodide AsMe,! (160°) oil 
(Cahours a Riche, A 92, 864) 

Di methyl arsine cyanide AsMe,Cy [33°] 
(140°) V D 4 63 Prisms Excessively poisonous 
Di methyl arsine sulphide (AsMe,), S Com- 
bines with S to form (AaMe2),82 [o0°] 

Di-methyl-arsine fluoride AsMe^F Liquid 
Di-methyl-arsine tiiohlonde AsMe2Cl, 
Cacodyl trichloride From PCl^ and cacodylic 
acid , or from cacodyl chloride and Clj 

Reactions — 1 At 50° it sphts up as follows 
AsMe,Cl, «= MeCl + AsMeCljj — 2 With water it 
forms cacodylic acid 

Di-methyl-arsinic acid ABMe,0(OH) Caco- 
dylic aetd Mol w 188. [200°]. 

Formation — From cacodyl and HgO in 
presence of water 

Properties —Large pnsms (from alcohol), 
without odour, but poisonous V sol water, 
m sol alcohol, msol ether Not acted on by 
HRO„ HCl, aqua regia, EMnO^ or OrO,. 


Reactions —1 H,PO, reduces it to cacodyl 
oxide —2 Aqueous H.,S forms racod^ 1 sul 
phide —3 An alcoholic solution gives with 
alcoholic HgCl^ a pp of (AsMe,),OaHg Cl, — 
4 Cacodylates are converted by dry H,S into 
thio cacodylates , e g (AsMeoS2),Pb — AsMe S,Cu 
— (A8Me,8,)3Sb — (A8Me,8,),Bi -AsMe,S Au 
Salts — Soluble in water, but amorphous 
AgA' needles - AgH. A', needles — AgA'AgNOj 
Compounds — HCl forms a crystalline com 
pound (AsMe,0,H HCl) decomposed by water 
This compound distilled in a current of HCl 
splits up thus AsMe,0 H HCl + 2HC1 =» 
AsMeCl, -r MeCl + 2H O — HA'HF prisms 
Tn-methyl arsine AsMe, Mol w 120 
(c 100°) Formation — 1 2ASCI3 f 3ZnMe,«=« 

3ZnCl, + 2A8Meg (Hofmann) —2 From AsMc J 
and solid potash (Cahours,^ C R 49, 87) 

Properties — 1 Combines directly with 
Cl,, Brj, Ij, S, and 0 

Iodide AsMe,!, Splits up on distillation 
into Me! and AsMe I, cacodyl iodide — Oxide 
AsMegO deliquescent cr} stals — S iilphid e 
AsMejS prisms (fiom alcohol) — Bromide 
AsMcgBr, 

Tetra methyl arsonium iodide AsMe J 
Formation — 1 From sodium arsenide and 
Me! at 180°, and treating theproduct ( AsMe JAsI,) 
with KOH (Cahours, C R 36,1001,^ 122,192) 
Properties — Plates (from alcohol mixed with 
Me!) 

Combinations — AsMeJI, — (A8Me,!),Znl2 
— (A8Me,!),Cdl2 — AsMeJAsI, 

Reactions — 1 With ZnMe, gives AsMoj (’) 
(Cahours) — 2 KOH no action— 3 Moist Ag,0 
gives AsMe, OH, deliquescent alkaline crystals — 
4 Ag SO4 gives crystalline (A3Me4),S04 — 
6 AgNOg forms crystalline AsMe^NOg 

Feuta methyl arsenide AsMe, From AsMeJ 
and ZnMe, With iodine forms Me! and AsMeJ , 
with HCl forms CH^ and AsMe^Cl (Cahours) 

Di methyl ethyl arsine — AsMe,Et From 
AsMe,! and ZnEt, Liquid (Cahours) 

Methyl di ethyl arsine AsMeEt, From 
AsMel, and ZnEt, (Cahours) 

Di methyl-di ethyl arsonium salts 
Iodide — ABMe,Et,! From cacodyl and Et!, 
thus As Me4 + 2Et! = AsMe2Et,! + A8Me,Cl (Ca 
hours a Riche, C R 39, 644) 

Hydroxide very deliquescent 
Chloride AsMe,Et2Cl deliquescent needles 
Platino chloride (ABMe,Et,Cl),PtCl4 
Bromide AsMe2Et2Br deliquescent 
Iodide AsMCjE t,! pnsms 
Periodide AsMe^Et,!, lustrous prisms 
Nitrate AsMejEt^NO, deliquescent grama 
Sulphate (AsMe,Et2),804 octahedra 
Ethyl arsine iodide AsEt!^. From AsEt I 
and I2 (Cahours, C R 50, 1022 , A 116, 367) 
With moist AggO it forms the acid A8EtO(OH)2 
Ethyl arsine chlonde AsEtCl, (156°) From 
HgEt, and AsCl, (La Coste, A 208, 33) Liquid, 
m sol water 

Ethane arsonio acid EtA60(OH)2. From the 
preceding by the action of diluted HNO, Small 
crystals (from alcohol) —Ag^A" pearly scales 
Tetra ethyl-di arsenide AsgEt, Mol w 266 
(185°~190°) From an alloy of arsemc and sodium 
(m EtI (Landolt, A 89, 319) Heavy stinking 
oil, takes fire m air Reduces salts of silver and 
mercury Unites directly with sulphur and 
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haTogens Alcoholic HgOl, gives a crystalline 
precipitate A8Et-Cl,2HgP(?) 

Iodide AsEt,! (c 2^0°) Oil 
Di ethvl-arsinic acid AsEt^O(OH) [190®] 
From AsEt, and HgO under water (Landolt, A 
92, 305) Large plates, soluble in water Not 
attacked by HNO, or aqua regia 

Salts — BaA'jHA' 2aq Very sol in water, 
difficultly sol in alcohol 

Tri ethyl arsine AsEt, Mol w 162 
(140®-170®) SO 11 1151 VD 6 28 (calc 
6C2) 

Formation — 1 From AsCl, and ZnEt, 
(Hofmann a Cahours, C R 41, 831) — 2 To 
getherwith As by the action of EtI on an 
alloy of arsenic and sodium — 3 By distilling 
AsEt J with solid potash (Landolt, A 89, 322) 

^ Properties — Oil of disagreeable odour Fumes 
strongly in air Co'mbines directly with non 
metals Does not reduce ammoniacal silver 
nitrate (difference from As^t J 

Combinations — AsEtgBr, deliquescent — 
AsEt,!^ [1C0°] (190°) (Cahours a Riche, 

A 92, 365) — AsEt,S [c 100°] Prisms (from 
ether) , pps sulphides from solutions of metallic 
salts — (AsEt )^PtCl2 — (A8Et3)4PtCl2 — 
(AsEt,),PdCl2 (Cahours a Gal, G R 71, 208) — 
(AsEtaGAsEtaCl^Hg Cl2(?) — AsEt,AuCl — 

AsEt3PEt,(C2H4Br)Br 

Tri-ethyl-arsine oxide AsEtgO Formed by 
exposure of an ethereal solution of AsEt, to the 
nir An oil, insoluble in acids, except HNO, 
Tetra-ethyl arsonium iodide AsEt4l 
Formation — 1 From AsEt, and Eli 
(Landolt, A 89, 331) — 2 Arsenic with EtI at 
180° gives led needles of AsEtJ Asl„ which is 
then boiled with potash (Cahours a Riche, C R 
SO, 516) — 3 An alloy of arsenic with Zn or 
Cd heated with EtI gives (A8Et,I)2ZnI or 
(AsEtjI)2Cdl2 , these are boiled with potash 
(Cahours, A 122, 200) 

Properties — Needles, v sol water and 
alcohol, insol ether 

Reactions — 1 With moist Ag 0, gives an 
alkaline hydrate — 2 Combines with I, forming 
brown needles of AsEtJ, 

Tetra-ethyl arsoniam salts (Landolt, A 
92, 371) 

Chloride AsEt^C14aq deliquescent crys 
tals, insol ether — (AsEt4Cl)4(BiCl,)3 (Jorgensen, 
J pr [2] 3, 346) 

Platino chloride (AsEt4Cl)2PtCl4 si sol 
cold water 

Bromide AsEt4Br dehquescent mass — 
(AsEt4Br),(BiClg)2 

Swfphafc AsEt4S04H grams, v sol water 
and alcohol, si sol ether 

Bromo tetra ethyl • arsonium bromide 
(CH^Br CH2)AsEt8Br From ethylene bromide 
and AsEt, at 60° (Hofmann, Pr 11,62) 
Rhombic dodecahedra (from alcohol) V sol 
water, si sol alcohol Aqueous AgNO, pps 
half its bromine as AgBr 

Reactions —1 With moist AggO it gives vinyl 
tnethyl arsonium hydroxide, C2H,AsEt,(OH) — 
2 With AsEt, it gives As2(C2H4)EteBr3 With 
ammonia at 100° it gives a compound 
NAs(CR4)Et3H,Brj This compound and the 
preceding are converted by AgjO into oxides 
end thence into platmochlondes {eg 
KAB(03HJEt,H3Cl3PtCl4) and other salte — 


4 AuCl, gives crystals of AsEtjAuCl —6 PtCl, 
gives crystals of AsgEt^Pt (Hofmann, A 
103, 867) 

Bi-methyl-di-lsoamyl-arsonium iodide 

AsMe2(C,H,,)2l From cacodyl and iso amyl 
iodide at 180°, as follows A82Me4 + 20jH,,Ia> 
AsMe,(C4H,i)2l + AsMejI (Cahours a* Riche) 
Tri-propyl arsine AsPr, At 180°, arsenic 
oombmes with PrI forming AsPr4lA8l, Dis 
tilled with solid potash, this gives AsPr, (Ca 
hours, 0 R 76, 1383) Arsenic acts similarly 
on isobutyl iodide at 180° (Cahours, C R 77, 
1406) Calcium butyrate distilled with ASjO, 
gives a distillate resembling Cadet’s liquid, pro 
bably containing the propyl homologues of caco 
dyl compounds TWohler, A 68, 127) Potassium 
valerate distilled with As^O, appears similarly 
to give ‘ butyl cacodyl ’ derivatives (Gibbs, Am 

5 [2] 15, 118) 

AROMATIC DERIVATIVES 
Literature — Michaelis, A 201, 184 , 207^ 
195 , 208, 1 , 233, GO , B 8, 131b , 9, 1666 , 10, 
622, 11, 1883, 13, 2176, 14, 912, 16, 1962, 
2876 , 18, 42. La Coste, A 184, 1, 208, 1 
Di phenyl - di arsenide C^HjAs As C«Hj 
Arseno benzene [196°] Prepared by reduction 
(best with phosphorous acid) of an alcoholic 
solution of phenyl arsine oxide (Michaehs a 
Schulte, B 14, 912, 15, 1952) Yellowish 
needles Sol benzene, chloroform, and CSj , si 
sol alcohol, insol water and ether On heat 
mg it gives tnphenyl arsine and arsenic 

Reactions — 1 Heated with 1 mol of sulphur 
phenyl arsine sulphide is formed, with more sul 
phur, phenyl sulphide and As^Sj — 2 Alcoholic 
NH4HS reduces it on heating to benzene, As^S,, 
and As , HI acts m a similar manner — 3 On 
oxidation it gives benzene arsonio acid — 4 Com 
bines directly with halogens 

Di iodide — Ph Asl Asl Ph Yellow needles 
Very unstable Prepared by reduction of phenyl 
arsine iodide (which is formed by dissolving 
phenyl arsine oxide in HI) 

Phenyl arsine chloride PhAsClj (0 253°) 
Obtained m theoretical quantity by heating AsCI, 
(800g ) with HgPhg (70 g ) Colourless liquid with 
unpleasant odour , insol water, sol KOHAq 
Phenyl arsme tetra chloride PhA8Cl4 [45°] 
Formed by passing Cl into the preceding at 0° 
lellow needles, fuming in moist air , readily 
decomposed into Clj and PhAsClj , when heated 
at 150° it gives CbHjCI and AsCl, 

Phenyl arsine bromide PhAsBrj (286°) 

S G 2 10 Colourless liquid formed by the 
action of cone HBr upon PhAsO Gives with 
bromine AsBr, and PhBr 

Phenyl arsme iodide PhAsI, Oil 
Phenyl arsine oxide PhAsO [120°] Formed 
by treating Ph AsCl, with Na^CO, Crystals (from 
alcohol) , smells hke anise , insol water , si sol 
cold, m sol hot, alcohol , slightly volatile with 
steam Heated with HCl it forms PhAsCl,^ 
Above its melting point it decomposes thus 
SPhAsO = AsPh, + AsjO, 
Phenyl-arsine oxy chloride PhAsOCl,. [100°]. 
Formed by decomposing the tetrachlonde with 
the theoretical quantity of water , or by the unioii 
of ohlorme with the oxide Crystalhne , dis- 
solved by water, bemg converted mto bensea^ 
arsomo acid At 120° it sphts up thus ; 
PhAsOCl, - PhCl + AsOCL 
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Beniene anonio acid C^HjA80(0H)2. 
Formed by dissolving PhAsCi^ or PhAsOCl^ m 
water Long columns , begins to soften at 138®, 
changing to an amorphous anhydride, which 
IB re converted by water into the acid. M sol 
cold, V sol hot, water 

Reactums —1 Not affected by reducing or 
oxidising agents —2 Potash fusion produces 
phenol 

Salts needles —KHA" amor- 
phous— BaH A", needles, v sol water — 
CaHA'^2 needles —CaA"2aq — CuA" v si sol 
water — PbA" insol water 

Tetra phenyl-di-arsenide As2(CoHj)^ Phenyl 
cacodyl [135°] Formed by reduction of tetra 
phenyl di arsine oxide with phosphorous 
acid White crystals SI sol alcohol and 
ether It quickly oxidises in the air, forming 
di-phenyl arsimc anhydride (Ph^As^a) 

Oi-phenyl arsine chloride Ph^AsCl Phenyl 
cacodyl chloi'ide (3^3°) S G 1 42 Pie 
pared by heating HgPhj with a large excess of 
PhAsClj at 320° The product is then fraction 
ally distilled Yellow oil, insol water, sol alco 
hoi, ether, and benzene, si sol aqueous alkalis 
Not affected by heating with Na^COn Combines 
w ith bromine and chlorine Cone HNO, slowly 
converts it into di phenyl aisinic acid 

Di phenyl arsine trichloride Ph AsClg 
[174°] From the preceding and chlorine Colour- 
less tables (from benzene) At 200° it decomposes 
thus Ph,AsCl, = PhAsCl2 + PhCl 

Di phenyl arsine ohloro bromide Ph AsClBrj 
Formed by passing diy bromine vapour into 
PhAsCl Excess of Br produces di bromo 
benzene 

Tetra phenyl di-arsine oxide (Ph2As)20 [92°] 
Foimed by heating Ph AsCl with alcoholic KOH 
Di phenyl arsine bromide Ph^AsBr ( 15G°) 
From the oxide and HBr 

Di phenyl arsine oxy chloride (PhAsCLJ^O 
[117°] From the oxide and chlorine 

Di-phenyl-arsinic acid Ph AsO OH [174°] 
B G 1 55 From the oxy chloride or the tri 
chloride by the action of water White needles, 
sol water and alcohol, si sol benzene and ether 
Not attacked by CrOj or boiling cone HNO, 
Salts — NaA' — NH,A unstable feathery 

crystals — — CuA'j — HO CuA' — AgA' — 

PbAV 

Tri phenyl arsine AsPh, [69°] (above 3G0°) 
B G 1 306 Prepared by heating phenyl arsine 
oxide at 200°, thus 3PhAsO - AsPha + As O, 
More readily by the action of sodium (50 g ) on 
AsClj (54 g ) and chloro benzene (iOl g ), diluted 
with 4 vols dry ether Is also- a by product in 
preparing Ph^AsCl from PhAsCl^and HgPh2 Tri 
clinic crystals isomorphous with SbPh, (Philips, 
B 19, 1031) Insol water and dilute acids, 
V sol hot alcohol, benzene, and ether With 
HgClj it forms leaflets of AsPhaHgCl,, whence 
aqueous KOH forms ABPhj(OH)2, [108°], thus 
AsPhaHgClj + 2KOH - A8Ph,(OH)2 + 2KC1 4 Hg 
Tri-phenyl-arsine chloride PhaAsCl^ [171°] 
From AsPb, and chlorine Tables, decomposed 
at 280° into Ph^AsCl and PhCl 

Tri-phenyl-artine inlphide Ph^sS [162°] 
Prepar^ by digestmg Ph,As with S dissolved m 
CS,, or by action of ammonium sulphide on 
PhiAsCV Bilky needles, msol water and ether 


Tri phenyl-arsine oxy-nltrate 

{C,H,)3 As(OH)NO, [84°] Formed by adding 
HNO, to an aqueous solution of the hydroxide 
(CrtHj),As(OH)2 (Philips, B 19, 1033) Long 
glistening needles V sol alcohol si sol water 
Tn-mtro-tn-phenyl arsine oxide 
(C,H, N 02)3 AsO [264°] Formed by nitration 

of tri phenyl arsine hydrate,(C,,Hj3As(OH)2,with 
HNOg and H^SO, Nearly colourless large crystals 
V sol acetic acid, insol alcohol and ether 

Tii-amido-tn phenyl-arsme (C^H, NH2)8A8. 
[c 176°] Formed by reduction of tii nitro tri 
phenyl arsine oxide (C^Hj N02)jA80 with tin and 
HCl m acetic acid solution (P ) Colourless 
crystalline solid V sol alcohol and dilute 
acids, insol water 

Salts — B"'Hj,Cls crystalline solid, easily 
soluble m water and alcohol — (B' 'H2Cl3)2(PtClJ, 
yellow pp , insol cold water 

Tri acetyl derivative (C^H^ NHAc)8As 
[c 230°] Very sparingly soluble in alcohol, 
moie easily in acetic acid 

Tri-p-ethoxy tn-phenyl-arsine 
(EtO C^^HJjAs Tri phenetyl arsine [89°] 
iormed by the action of sodium upon a mixture 
of p bromo phenetol and AsCl, (Michaelis a. 
Weitz, B 20, 52) 

tn-p methoxy tri-phenyl arsine 
(MeO C HJjAs Tri anisyl at sine [156°] 
Obtained by the action of sodium upon a mix 
ture of p bromo amsol and AsClj containing 
some acetic ether Transparent colourless 
crystals V sol benzene, si sol alcohol and 
ether HI splits it up into di anisyl arsine 
iodide (C^H^ OMe)2AsI and amsol , by longer 
and higher heating amsol and Asl, are formed 
By heating with an excess of AsCl, it 
yields anisyl arsine chloride C,H,(OMe) AsCl, 
(Michaelis a Weitz, B 20, 48) 

Di -p - methoxy - di - phenyl - arsine chloride 
(CrfH, OMe)2AsCl [1 4] Dt anisyl arsine chloride 
[80°] Formed by dissolving the oxide m HCL 
Long thin needles V sol ethei, less in alcohol 
Di-methoxy-di-phenyl-arsiae oxide 
{(C„H, OMe)2As{20 [14] Di- anisyl arsine 
oxulc Tetra anisyl di arsine oxide [130°j 
Crystalline Formed by the action of alkalis on 
the iodide which is obtained by heating tri 
anisyl arsme with HI 

p-Methoxy-benzeae-arsme chloride 
C^H,(OMe) AsClj [1 4] p Anisyl arsine chloride 
(230° at 117 mm ) Colourless liquid Formed 
by heating tn anisyl arsine (C^H, OMe)3A8 with 
an excess of AsCl, at 200° Alkalis yield the 
oxide CHH,(OMe) AsO, a colourless crystal 
hne solid It combines with Clj to form 
CaH,(OMe) AsCl, which is a thick yellow liquid 
decomposed by water giving anisyl-arsimo. acid 
C«H,(OMe) AsO(OH )2 

p-Methoxy-benzene-arsonio acid 
(CoH, OMe) AsO(OH )2 Anisyl - arsintc acid 
[lb0°] Formed by the action of water upon 
the chloride OeH,(OMe) AsCl, Colourless crys 
tallme Bohd Sol hot, si sol cold, water , y 
sol alcohol On heating it gives the anhydiide 
0^,(0Me)As02. — Ag^A" white pp 

Pheuyl-di methyl-arsiue PhAsMe* (200°) 
From ZnMej and PhAsCl^. Mobile hquid, soL 
alcohol and benzene, msol water 
Phenyl tri methyl arsonium Iodide 
PhAeMe,! [244°] From the preceding and 
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Mel White needles , sol water and alcohol^ 
insol ether — (PhAsMe|Cl)^tCl4 [219®], v sol 
hot water 

Di phen7l>methyl-ar8ine Ph^sMe (806°) 
From PhjAsOl and ZnMe2 m benzene (Michaehs 
a Link, A 207, 199) Insol water 

Bi phenyl di methyl arsoniam iodide 

Ph AsMe,! [190°] From the preceding and 
Mel Needles , si sol cold, v sol hot, water 
Decomposed by heat into Mel and PhjAsMe — 
(PhjA8Me,Cl)2PtCl. [219°] 

Phenyl di ethyl arsine PhAsEt, (240°) 
From PhAsCl^ and ZnEtj Colourless liquid 
Combines with Cl, forming PhAsEt^Cij 

Phenyl tri ethyl arsonium iodide PhAsEt,! 
[113°] From the preceding and EtI at 100° 
Prisms, turned yellow by sunlight, sol water 
and alcohol, insol ether Decomposed when 
heated in an mdiff^rent gas into EtI and 
PhAsEt^ Gives with AgCl the chloride 
PhAsEt^Cl , whence (PhAsEt3Cl)^PtCl4 Gives 
with Ag O the hydroxide PhAsEtjOH, an 
alkaline syrup, absorbing COj from ihe air 
Di phenyl ethyl arsine Ph AsEt (320°) 
From Ph^AsCl and ZnEt Colourless liquid 
Di phenyl ethyl arsine chloride Ph^AsEtClj 
[137°] From the preceding and Cl Needles 
(from benzene) , fumes in the air, decomposed 
by water 

Di phenyl di ethyl arsonium iodide 

Ph AsEt I [184°] From PlLjAsEt and EtI 
Flat white needles 

Di phenyl methyl ethyl - arsonium iodide 
PhAsMeEtl [170°] S 11 at 15°, 84 4 at 
100° brom Ph^sMe and EtI or from PhjAsEt 
and Mel Trimetrio prisms , insol ether 
bplit up by heat into EtI and Ph AsMe 

Derivatives — (Ph2AsMeEt)_jPtClg [214°] 

Picrate Ph^sMeEt O CaH.j(N02), [95°] 

Si sol cold water 

Tolyl arsine chloride C^HjAsClj 
Ortho (265°) Para [31°] (267°) 

b rom AsClg and mercuric di tolyl (o or ) 
Bromine converts them into di bromo toluenes 
Tolyl arsine tetrachloride CjEL^AsCl^ 

Tolyl arsine oxide C^H AsO 
Ortho [145°] Para [156°] 

From CjHjAsCl, and aqueous NajCO, Com 
bine with Clj, forming oxy chlorides 

Toluene arsonio acid CH, C^H, A80(0H)2 
Ortho [160°] The para compound decomposes 
above 300° without previous fusion 

From the tetrachloride or the oxychloride, 
C7H7ASOCI2, by treatment with water The 
oitho acid forms a crystalline anhydride 
CjH^AsO^ — AgjA" — BaA" — CaA" (La Coste a 
Michaehs. A 201, 255) 

Di p tolyl arsine chloride (CtH,)>A 8C1 
[c 343°) From C^H.AsCl, and Hg(C,H,)2 
Liquid , not affected by aqueous Na^CO, 
Chlorine gives (C7H2)2A8Clj 

Tetra p tolyl di-arsine oxide ( (C7H,)2As)20 
[98°] Silky needles (from ether) Obtained 
by boiling the precedmg with alcoholic KOH 
Di p tolyl-arsinio acid (C,H,)2AsO OH 
[167°] Formed by boiling (0.H,)2A8C1, with 
water Oxidised to ‘ dibenzarsmic ’ acid 

Trip tolyl arsine (C,H,),A8 [145°] Obtained 
by heating C^HyAsO 

Tn p tolyl arsine dichlonde (C,H,),AsClr 
[214°] Not attaoked by water 
VoL. I 


p-Carboxy-phenyl-arsme chloride 
COjH CjH^AsCl, [168°] From the correspond 
mg iodide and AgCl , or from the product 
(COCl C^H^ AsClj (?) of the action of PCI, upon 
CO^H CjH^ AsO(OH), by treating with water 
Needles (from benzene) , decomposed by water. 
p Gar^xy phenyl arsine iodide 
CO^H C,H4Asl2 [153°] 

From CO^H C^H^ AsO(OH )2 by HI and P. 
Yellow needles (from chloroform) 
p Carboxy phenyl arsine hydroxide 
CO^H C4H^A8(0H)2 Benzarsentotis acid From 
the preceding by heating with aqueous Naj,CO^ 
Colourless needles (from water) At 145°-160° 
it gives off H^O leaving the oxide 
COjH CuH 4A80 Ca(CjHaABO J^Aq plates , 
changing at 200° into Ca(C,H4A80,),. — 

AgC^H^AsOg 

p Carboxy benzene arsonio acid 

CO^H C^H^AsOfOH), Bemansinic acid Formed 
by oxidising toluene arsonio acid with alkaline 
KMnOj Transparent interlaced needles, 
sol water, v si sol alcohol At 190° it becomes 
CO H C^HjAsO , at 230° it gives off benzoio 
acid ~ Ag,A'" — CaHA'^aq — KH,A"V — 
MeH A'" 

p Di-carboxy di phenyl arsine iodide 

(CO H C.HJ^AsI [above 280°] From 
(CO H C,H,),A80 oh, cone HI, and P Con 
verted by aqueous Na CO, into the hydroxide 
(CO^H C^hJ^AsOH (Dibemarsenious acid) — 
CaA" 2aq 

p Di carboxy di phenyl-arsinio acid 
(CO H CyHJ^AsO OH Dibenzarsmic acid 

Formed from (C^H,) AsO OH and alkaline 
KMnO^ at 60° Leaflets, insol water, si sob 
alcohol — Me^HA'" [above 280°] 
p Tn oirboxy-tn-phenyl-arsine 
(CO H CgH4)3AB Tribenzarsenious acid From 
the following acid and HI Small colourless 
needles — NajA " 2aq — Ag^A " 

p Tn-carboxy-tn-phenyl-arsine hydroxide 
(CO H C„HJ,Ab(OH )2 Tnbenzarsinic acid 
From tn tolyl arsine and alkaline KMn04 — . 
(CO^K C^HJjAsO 

Benzyl arsine chloride PhCH^AsCl, (176°)f 
at SOmra Formed by heating tn benzyl arsine 
with excess of AsClj Easily oxidised by air 
PhCH ASCI2 + O = PhCK^Cl + AsOCl 

Di benzyl-arsinio sold (Ph CH2)2AsO OH 
[210°] 

Preparation — Sodium [60 g ) acting upon a 
solution of benzyl chlonde (100 g ) and AsCl, 
(72 g ) in dry ether (500 g ) containing acetic ether 
(6g) forms (PhCH2),A8, (PhCHJ^AsCl,, and 
(PhCH2)jABCl2 Alcohol extracts the first, and 
converts the two latter into (PhCH2)2AsCl(OH)2 
and (PhCH2),A8Cl(OH) respectively, and they 
are then converted by aqueous NaOH into 
(PhCH2)2A80 ONa and (PhOH2)AsO (Michaehs 
a. Paetoff, A 233, 60) 

Properties — Pearly white plates (from al- 
cohol) , attacks the mucous membrane , v sol 
hot alcohol, m sol hot water, si sol ether 
When strongly heated it gives benzoic aldehyde 
and dibenzyl 

Salts — BaA'j 8aq —CaA'j 6aq — AgA' 
Reachons — 1 Cone HCl forms AsCl, tolu- 
ene, and benzyl chloride — 2 Boihng dilute 
HNO, has no effect , HNO, of S G IB forms a 
compound (PhCH2),Ag(OH)jNO, [129°] , ^cmc 
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HN 0, forms benzoic and arsemo aoids — 8 Com- 
bines with HOI forming (PhCH )2A8C1(0H), 
which crystalhses from aqueous HCl in needles 
[128®] , this IS decomposed by more water, 
giving (PhCH^) AsO OH again — 4 HBr forms 
^hCHM80(0H)HBr 

Di-benzyl thio arsinic acid (PhCH2)2A80 SH 
[199°] From di benzyl arsinio acid and H^S in 
^kaline solution 

Tri benzyl arsine (PhCH 2 ) 8 As [104°] The 
preparation is described under di benzyl arsinic 
acid (v sup ) Monoclinic needles (from alcohol) 
Insol water, v sol ether, benzene, and glacial 
acetic acid, si sol cold alcohol Like AsMcj,, 
but unlike AsPh„ it combines with alkyl iodides 
It 18 not affected by boiling cone HCl It com 
bines with S and halogens Boiling dilute HNO, 
forms benzoic and arsenic acids An ethereal 
solution gives with an ethereal solution of 
HgCl^ a pp of (PhCHJ,AsHgCl 2 [159°] 

Tri benzyl arsine oxide (PhCH )8AsO [220°] 
From tri benzyl arsine chloride or oxychloride 
by treatment with alkalis , or together with di 
benzyl arsinic acid by the action of wet ether 
upon the product of the action of sodium upon 
benzyl chloride and AsCl, Prisms (from dilute 
alcohol) , V e sol alcohol, si sol water and 
ether 

Tn benzyl arsine oxy chloride 

(PhCH 2 ),A 6 Cl(OH) [163°] Formed by union 
of HCl with the preceding V e sol alcohol , 
insol dilute HCl 

Tri benzyl arsine oxy bromide 
(PhCH 2 ),A 8 Br(OH) [129°] Tables (from alcohol) 
Tn benzyl arsine iodide (PhCH )iAsIa 
[c 95°] Formed in impure condition by action of 
aqueous HI on the oxide Converted by alcohol 
into the oxy iodide, (PhCH 2 ) 8 AsI(OH) aq [78°] 
Tn benzyl arsine oxy nitrate 
(PhCH 2 ),A 8 (NO,)(OH) [170°] Slender needles 

(from alcohol) 

Tri benzyl-arsine sulphide (PhCHJ^AsS 
[214°] Prisms (from glacial HOAc) Insol 
^cohol and ether 

Tn benzyl-methyl arsonium iodide 
(PhCH 2 ),AsMeI [143°] From (PhCH 2 ),As and 
Mel at 100° Slender needles (from water) 
Gives with moist Ag^O the alkaline hydroxide, 
(PhCH 2 ),AsMe(OH) 

Tri benzyl methyl-arsonium chloride 
(PhCH 2 ),AsMeCl [201°] — Platinochlonde 
((PhCH2),A8Me)2PtCl8 [173°] 

Tri benzyl ethyl arsonium iodide 
(PhOHj),AeEtI [148°] White plates (from water) 
Tri benzyl-propyl arsonium iodide 
(PhCH 2 )^AsPrI [146°] The isomeride, 
(PhCHJjAsPrl melts at [143°] 

Tri-benzyl isoamyl arsonium iodide 
(PhCHJ,A8(C8H„)L [146°] 

Tetra benzyl arsonium chloride 
(PhCH 2 ),A 8 Cl [160°] From (PhCH,),A 8 and 
PhCH^Cl at 170° Tnclimo crystals containing 
aq (from water), insol dilute HOI Con 
vert^ by aqueous KBr mto the bromide 
(PhCH 3 ) 4 AsBr, [178°], and by aqueous KI into 
the iodide, (PhCH^jAsI, [168°], which forms 
a periodide, fPhC^) 4 AsI„ [160°] Moist Agfi 
forms an alkalme hydroxide, split up by heat 
thus (PhCH,) AaOH - PhCH, + (PhCH,) AbO 
Platinochlonde ((Ph0Hj)4A8),Pt01,. 


Di naphthyl di arsenide C„H, As As C„H,. 

Arseno-naphthalene [221°] Prepared by heat 
mg an alcoholic solution of naphthyl-arsine 
oxide with phosphorous acid (Michaelis a. 
Schulte, B 15, 1964) Slender yellow needles , 
si sol alcohol, benzene, CS^ and chloroform , 
insol water and ether Converted by Cl into 
CioHjAsCL^ With sulphur it gives C,oH,AsS It is 
oxidised by HNO, to naphthalene arsomc acid 
Hapbthyl-arsme chloride C,oH,AbC 12 [68°] 
From mercury di naphthyl and AsCl, CrystaUine 
powder , insol water, v sol alcohol 
I Naphthyl arsine oxide C,„H,A80 [246°] 

' From the preceding by treatment with aqueous 
NajCOg Powder, si sol alcohol, ether, and 
water On dry distillation it gives C, As, and 
naphthalene 

Naphthalene arsomc acid C,oH;AsO(OH),, 
[197°] Needles Formed by action of water 
on CioHyAsCl^, which is obtained by treating 
Cj^yAsCl^ with chlorine (W Kelbe, B 11,1503) 
ASAF(£T1DA A gum resin obtained by drying 
the juice contained in the root ot Ferula asafeeUda^ 
a Persian plant Potash fusion gives resorcin 
and protocatechuic acid Asafuetida contains 
ferulic acid {q v ), but its odour is due to 8 p c. 
of an essential oil (135°-140°) which appears to 
be a mixture of Cj^H^-S and Its alco- 

holic solution 18 ppd by HgCl^ (Pelletier, Bull 
Pharm 3, 666, Johnston, P M Dec 1838, 
Hlasiwetz, A 71, 23) 

ASAEITE — Impure asarone 
ASARONJi C, H,„03 [59°] (296°) S G » 
1 165 Contained in the root of Asarum euro- 
pceum Needles or plates , v sol alcohol, ether, 
and glacial HOAc, si sol hot water (Blanchet a 
Sell, ^ 6, 296, C Schmidt, A 53, 166, Butle 
row a Bizza, B 17, 1159, Bl [2] 43,114, Po- 
leck, B 17, 1415) 

ASCLEPIONE CjoH^O, [104°] Extracted 
by ether from the coagulum got by heating the 
milky juice of Asclepms synaca Radiating 
crystals , insol water and alcohol Not attacked 
by boiling KOHAq (List, A 69, 126 , Gram, C C 
1886, 735) 

ASEBOTOXIN C 60 6pc,H74pc, 
O 32 1 p o [120°] A glucoside extracted by 
water from the leaves of Andromeda japonica 
Brittle mass The addition of cono HCl to its 
alcohohe solution gives a blue colour (Eijkman, 
R 1 , 224 , Ph [3] 13, 365) It is accompanied 
by a glucoside, asebotin C 24 H 2 hO, 2 , crystallising 
in yellow needles [147 6 °] and also by asebo 
quercetin Oj^HijO,, and asebofusoin Oi,H,,Og 
(Eijkman, J 1883, 1410, R 2, 99, 200) 

ASH OF OBOANIC BODIES 
The inorganic constituents contained in 
vegetable and animal products are usually 
determined by incmeration of the substance, 
and deternunation of the weight and composition 
of the ash The first question to be considered 
18 —Does this ash accurately represent the inor- 
ganic constituents of the substance ? 

The sulphuric acid onginallv present is un- 
doubtedly but imperfectly represented The 
tendency to the reduction of sulphates to 
sulphides during ignition with carbonaceous, 
and especially with nitrogenous, matter, is 
generally overborne by the oxidation of the 
sulphur contained in the albuminoids The 
sulphuric acid found in the ash is thus greater 
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tnftn that originally present, it entirely fails, 
however, to represent the sulphur piesent in the 
original substance , this must be determined by a 
special experiment 

The carbonic acid originally present m the 
substance is generally quite undiscoverable by 
an analysis of the ash Carbonic acid may be 
lost by the decomposition of calcium and 
magnesium carbonates during ignition , or by 
the decomposition of carbonates by the action of 
silica, or of phosphates containing less than 
three equivalents of base On the other hand 
carbonates are produced when tribasic alkali 
phosphates are ignited with carbon , they are 
also formed in large quantity during the incinera 
tion of organic substances containing nitrates, 
or salts of organic acids Treatment of an ash 


Phosphoric acid may he lost if acid phos> 
phates are heated to a high temperature with car 
Donaceous matter The alkali metals are also 
hable under some circumstances to suffer loss 
by volatilisation 

The ash constituents are obtamed with the 
smallest loss when the ignition is conducted at 
a low temperature, preferably in a muffle In 
some cases an excess of lime or baryta must be 
added to prevent losses of phosphoric acid and 
chlorine , this treatment also prevents the fusion 
of the ash (Strecker, A 73, 360) 

1 Ash of Animals — The proportion of ash 
m some of the principal parts and products of 
the animal body, and its percentage composi 
tion, are shown m the following table The 
figures are taken from Wolff’s Aschen Analyser}, 


ASH OF ANIMAL PARTS AND PRODUCTS 



Number 

of 

Anal^ sea 

Pure 
ash in 
100 dry 
BUb 
stance 

100 parts of pure ash contain 

K.O 

Na,0 

CaO 

MgO 

Fe.O, 

P.0, 

SO, 

SIO. 

a 

Blood, human 

4 



26 6 

24 1 

09 

06 

82 

88 

71 



80 7 

,, ox , 

7 

3 77 

7 6 

46 0 

1 1 

06 

94 

53 

3 1 

08 

34 4 

,, calf 

2 

— 

11 2 

410 

1 8 

12 

83 

78 

1 3 

— 

34 7 

„ tiheep 

2 

— 

7 1 

45 0 

1 1 

06 

96 

55 

19 

— 

85 8 

». pig 

3 

4 29 

23 3 

29 4 

1 3 

1 4 

89 

12 2 

1 0 

— 

28 6 

„ horse 

1 

— 

29 5 

212 

1 1 

06 

95 

84 

6 3 

— 

28 6 

dog 

8 

— 

37 1 

39 9 

10 

1 1 

90 

12 6 

39 

— 

82 0 

Flesh of mammalia 

8 

4 32 

70 

10 1 

24 

32 

04 

412 

10 

07 

47 

„ fowls 

2 

— 

30 9 

18 7 

33 

42 

— 

36 4 

— 

— 

81 

„ marine fish 

1 

— 

218 

14 9 

15 2 

39 

— 

34 5 

— 

— 

114 

Meat extract 

11 

20 89 

43 9 

12 8 

07 

3 1 

04 

29 8 

22 

09 

10 0 

Meat flour 

2 

IBO 

64 

30 

22 4 

35 

19 9 

43 6 

12 

09 

18 

Bone of ox carcase 

1 

— 

— 

— 

53 5 

10 

02 

40 3 

— 

06 

— 

Wool, unwashed 

3 

8 33 

79 4 

4 3* 

2 4 

06 

0 7 

10 

47 

29 

46 

„ washed 

1 

1 11 

19 1 

27 

24 7 

60 

18 2 

32 

— 

25 3 

08 

Colostrum, cow 

1 

1 18* 

72 

6 71 

34 9 

21 

06 

41 4 

02 

— 

11 3 

Milk, human 

4 

0 49* 

33 8 

9 l' 

16 7 

22 

02 

22 7 

10 

— 

18 4 

„ cow 

9 

0 72* 

24 1 

6 1 

23 2 

26 

04 

28 0 

13 

— 

13 6 

„ ewe 

2 

0 73’^ 

21 3 

3 8 

29 3 

01 

10 

35 8 

16 

20 

76 

„ mare • • 

1 

0 61* 

25 1 

34 

30 1 

30 

04 

31 9 

— 

— 

76 

„ sow 

1 

105* 

62 

67 

39 2 

18 

09 

87 2 

13 

— 

93 

„ bitch 

2 

0 73* 

119 

68 

33 7 

16 

01 

37 2 

— 

— 

18 1 

Whey, cow 

3 

0 54* 

30 8 

13 8 

19 3 

04 

06 

17 1 

27 

— 

15 8 

Hen’s egg, without shell 

3 

3 48 

17 4 

22 9 

10 9 

1 1 

04 

37 6 

03 

03 

90 

„ white 

3 

4 61 

31 4 

31 6 

2 8 

2 8 

06 

44 

2 1 

1 1 

28 8 

M yolk 

3 

2 91 

93 

5 9 

13 0 

21 

17 

66 6 

— 

09 

19 


* These numbers ropreseut per ceut o£ pure ash in fresh substance 


With ammonium carbonate, and re ignition, is i 
sometimes employed with the view of converting ' 
caustic lime and magnesia into carbonates Such 
treatment converts sulphides and cyanides into 
carbonates , sulphate of calcium is also partially 
converted mto carbonate if only a small propor 
tion of alkali carbonate is present Treatment 
with carbomc acid water is more free from objeo 
tion, but its action is slow 

The chlorides found m an ash may be below 
the truth from volatilisation of alkali chlorides, 
if too high a temperature has been employed , or 
fiom loss of hydrochlonc acid due to the action 
of organic acids produced during the charring 
of the organic matter , or from a similar action 
of silica, or dibasic phosphates, at a high tern 
perature 


(1880), with the exception of the analysis of 
bone ash, which is quoted from C J 24, 80 
The bone ash represents the mean composi- 
tion of aU the carcase bones of the ‘fat ox* 
analysed at Bothamsted In this analysis, 
alkalis, and sulphuric and carbonic acids, were 
not determined , the whole amount of these con- 
stituents was, however, but 4 6 p o The * pure 
ash ’ in Wolff’s Tables is exclusive of sand« 
charcoal, and carbonic acid 

The amount of ash yielded by the entire 
bodies of the principal animals reared on the 
farm, and its composition, have been determined 
by Lawes and Gilbert {T 1883 865) , they also 
separately analysed the ash of the carcase and 
offal parts The x>eroentage composition of the 
ash of the entire bodies of calf, ox, lamb, sheep, 
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And pig vnll be found below The compoai 
iion in 1,000 parts of the fasted hve weight 
of the animal body is also given The latter 
will afford data for calculating the loss which 
a farm suffers by sale of stock The fasted live 
weight 18 inclusive of contents of stomach and 
intestines, but the constituents of these con 
tents are not reckoned among the animal con 
ftituents The ‘ pure ash ’ is inclusive of 
carbonic acid 

2 Ash or Plants The composition of the 
ash of plants of agricultural importance will be 
given under the headings of the different crops, 
some general considerations will, however, be 
best made in the present place 


poduice( 2 , and of silica by the Equisetccea and 
GramiruicecB 

The ash constituents which enter the circula- 
tion of the plant are (1) partly employed in the 
formation of new tissue , (2) partly deposited aa 
incrustmg matter on the older tissues , while (3) 
soluble salts that are of no advantage to the 
plant first accumulate m the sap, and then are 
gradually removed from the plant by the action 
of rain and possibly by diffusion into the soil 
through the roots The ash constituents most 
largely consumed in the formation of tissue are 
potash and phosphoric acid , in all the actively 
growing parts of a plant potash and phosphono 
acid greatly preponderate Magnesia, lime, 


Percentaqe Composition of Ash from entire Bodies of Animals 




^B,0 

CuO 

MgO 

Fe.O, 

P.o, 

SO, * 

biO, 

Cl 

CO, 

Fat calf 

54 

38 

44 0 

22 

0 5 

40 4 

11 

01 

1 6 

13 

Half fat ox 

4 4 

31 

45 3 

20 

1 0 

40 2 

09 

02 

12 

20 

Fat ox 

45 

30 

40 6 

15 

04 

39 8 

08 

01 

15 

21 

Fat lamb 

57 

3 6 

44 6 

18 

08 

39 0 

12 

03 

19 


Store sheep 

5b 

39 

431 

1 8 

12 

39 0 

18 

07 

23 

1 1 

Half fat old sheep 

53 

34 

44 4 

17 

14 

39 2 

1 1 

Ob 

16 

18 

Fat sheep 

55 

3 6 

44 b 

18 

10 

38 7 

1 0 

1 09 

lb 

17 

Very fat sheep 

6 3 

4 5 

43 3 

19 

1 0 

38 7 

10 

Ob 

23 

17 

Store pig 

74 

42 

40 6 

20 

09 

40 1 

2 3 

0 2 

22 

06 

Fat pig 

8b 

44 

38 5 

20 

08 

40 1 

22 

1 01 

28 

12 


Composition of Animal Bodies^ per 1,000 parts fasted live weight 




Fat 

Calf 

Half fat 
Ox 

Fat Ox 

Fat 

Lamb 

Store 

Sheep 

Half fat 
old 
Sheep 

Fat 

Sheep 

Very fat 
Sheep 

Store 

Pig 

1 at Pig 

Contents of stomach 
and intestines, moist 

32 0 

82 0 

60 0 

85 0 

60 0 

910 

60 0 

62 0 

62 0 

40 0 

Water 


630 0 

515 0 

455 0 

478 0 

673 0 

502 0 

434 0 

852 0 

6610 

413 0 

Fat 


148 0 

1910 

3010 

285 0 

187 0 

23o 0 

35b 0 

458 0 

233 0 

422 0 

Nitrogenous substance 

152 0 

166 0 

145 0 

123 0 

148 0 

140 0 

122 0 

109 0 

137 0 

109 0 

Crude ash 


88 0 

46 6 

39 2 

29 4 

31 6 

317 

28 1 

29 0 

2b 7 

16 5 

Pure ash 


37 8 

461 

38 8 

28 9 

30 6 

30 6 

2b 8 

28 6 

26 5 

16 8 

K^O • 


2 06 

2 05 

176 

166 

174 

168 

148 

158 

196 

1 38 

Na,0 


1 48 

146 

126 

103 

120 

104 

0 97 

129 

1 10 

0 73 

CaO • 


16 46 

21 11 

17 92 

12 81 

13 21 

13 50 

11 84 

12 40 

10 79 

6 36 

MgO . 


0 79 

0 85 

0 61 

0 52 

0 5b 

0 52 

0 48 

0 56 

0 53 1 

0 32 

Fe,0, 


0 21 

0 41 

0 24 

0 26 

0 37 

0 42 

0 34 

0 30 

0 22 

0 13 

. 


15 35 

18 39 

15 51 

11 26 

1188 

11 99 

10 40 

1108 

10 66 

6 64 

BO, . 


0 41 

0 38 

0 33 

0 39 

0 52 

0 35 

0 31 

0 29 

0 63 

0 29 

SiO, . 


0 05 

013 

0 06 

012 

0 21 

0 20 

0 26 

016 

OOo 

0 03 

Cl 


0 63 

0 59 

0 55 

0 53 1 

0 72 

0 511 

0 44 

0 66 

0 57 

0 43 

CO, 


0 47 

0 87 

0 71 

0 43 

0 37 

0 63 

0 41 

0 49 

0 21 

0 21 


The ash constituents of a plant are obtained 
from the soil by the roots All matters in the 
soil which are soluble and diffusible will enter 
the plant by the root, the abundant evaporation 
of water from the surface of a growing plant 
maintamiiig a nse of liquid in the capillary 
vessels The substances entering the plant are 
not, however, hmited to those existing in sola 
tion m the soil, as the roots of plants exercise a 
solvent or digestive action on constituents of the 
soil not otherwise soluble m water The wide 
differences in the assimilating powers of the 
roots of different plants are well illustrated by 
the special assimilation of alumina by the Lyco*. 


oxide of iron, and sulphuric acid, must also bo 
reckoned as essential for plant growth The 
incrusting ash constituents are calcium salts and 
silica, these are chiefly precipitated in the 
leaves, where evaporation is most active The 
soluble salts remammg unused in the sap 
generally contain a large proportion of chlorides, 
and of sodium salts 

A vigorous plant will take from a nch soil a 
much larger quantity of ash constituents, es- 
pecially of alkali salts, than is necessary for its 
growth For the same reason a plant growing 
on different soils may yield a very different ash 
Thus a clover or bean plant will be rich m 



ASPARHC ACID 


338 


potash or lime according as one or the other 
preponderates in the soil On the other hand 
plants clearly exercise a selective power, potash 
being stored up in large quantity, though soda 
rather than potash may be abundant in the 
soil This selective power is apparently not 
a property of the roots, but simply results from 
the fact that potash is removed from the sap to 
form tissue, while soda is not , potash salts can 
thus continue to enter the roots by diffusion or 
otherv^ise, while sodium salts having accumulated 
in the sap the tendency of diffusion is now for 
them to pass through the roots into the moist 
soil (see Deh6rain, Cours de Chimie agncole 
ri873] 77) The Rothamsted experiments show 
that potash greatly preponderates in hay, and in 
barley straw, when the soil supplies a sufficient 
quantity , but when potash fails, soda is retained 
by the plant to a considerable extent 

The variations in the composition of the ash 
of any plant do not extend to the seed , the ash 
of this 18 of very definite composition whatever 
the nature of the soil The ash of a seed con 
sists chieflj of potassium phosphate, soda is 
practically absent 

While the seed is forming a migration of 
phosphoric acid and potash, and of nitrogenous 
matter and carbohydrates, sets in fiom all paits 
of the plant the roots included , a great part 
of these important constituents is finally 
stored m the seed The extent to which the 
exhaustion of the plaiit, and the enrichment of 
the seed, proceeds, depends on the climate during 
the ripening period R W 

ASPARAGINE 

C.H^NjO, i e CO,H CH^CH(NH 2 ) CO NH^ or 
CONK^ CH 2 CH(NH 2 ) CO 2 H Ammo sttccinamic 
acid M w 150 (containing aq) S G 1 62 S 
c 1 8 at 10 6 ° , 63 at 100° Occurs in juice of 
most plants, especially in growing buds and 
germinating seeds {e g asparagus, marsh mallow, 
comfrey, potatoes, deadly nightshade, chestnuts, 
liquorice root, lettuce, convolvulus root, dahlia 
tubers, young shoots of vetch, peas, beans, and 
other legummouB plants) Lupine seeds that 
have not begun to grow contain no asparagine , 
after 16 days’ germination more than 20 p c of 
asparagine may be extracted by water (Schulze 
a Barbien, J pr [2] 27, 339) When twigs full 
of young leaf buds of the plane, birch, or horse 
chestnut are out off and allowed to open by 
placing the cut end in water, the leaves are 
found to contain asparagine (S a B , J pr 133, 
145) Asparagine may be formed by adding 
cone ammoma to mono ethyl aspartate (Sohaal, 
A 167, 24) 

Properties — Tnmetnopnsms (containing aq) 
exhibiting left handed hemihedry Sol water, 
acids, and alkahs , insol alcohol and ether Its 
solution in water or alkalis is l«Bvorotatory, in 
acids it IS dextrorotatory In HCl solution 
[«]d = about + 36° , in aqueous solution about 
— 6°, in ammoniacal solution about — 11° 

Reactions — 1 Boiling with lime^ or baryta- 
water, or with dilute H 2 SO 4 rapidly converts it 
into aspartic acid — 2 Nitrous acid forms malic 
fund -^ 8 , Impure asparagine is hable to undergo 
fermentation, changing to ammonic 8 ucoinate 4 
4 Mol and KOH produce an amide of fumario 
acid, CO 2 H CH CH CONH, (Michael a. Wing, 
Am 6, 419 , Griess, B 12, 2117> 


Salts -HVHCl — (HA), HOI -CuA',— 
CaA', ~ ZnA', — HA'HgCl, — AgA' — 
HA'(AgNO,) 2 , — HA'CA(NO,),OH yellow 
pnsms (Smolka, M 6, 916) 

Estimation — Heat the extract containmg it 
with dilute HCl for some hours and determine 
the amount of NH^Cl formed This corresponds 
to half the nitrogen in asparagine (Saohsse, 
J pr [2] 6, 118) Glutamine also splits off 
half its amidogen as ammonia when treated 
with HCl Or the extract may be treated with 
bromme and NaOH (measuring evolved N^) both 
before and after heating with HCl (Saohsse) 
But asparagine gives off too much Nj when so 
treated (Morgen, Fr 20, 37) It even gives off a 
little Njwhen treated withNaBrO before heating 
with HCl These two errors nearly balance 
one another (E Schulze, J pr [2] 81, 235) 
Solutions of sodic aspartate give off no Nj with 
NaBrO, but if NH, be present more Njis evolved 
than corresponds to the NH, The increase 
may be b p c Leucine behaves in the same way 
as asparagine, but tyrosine behaves m exactly 
the opposite manner Urea has the same in- 
fluence as NH, It IS therefore better to de- 
termine the freeNHg by distilling with MgO, CaO 
or even NaOH (comp Berthelot a Andr6, 

! C R 103, 1051) The presence of peptones 
i 'Will, of course, invalidate the determination, 

[ these are often absent from vegetable solutions , 

I if present they must be removed albuminoids 
I may be ppd by lead salts peptones by tannm or 
phosphotungstic acid (E Schultze, I c ) 

Beztro asparagine 

C2H,(NH2)(C02H) CO NH* Dextro hemihedral 
crystals Dextrorotatory [a] pia +6°41' Very sweet 
taste (ordinary asparagine is tasteless) Bather 
more soluble in water than ordinary asparagine 
Occurs in the mother hquors obtained m re- 
crystallising the crude asparagine prepared 
from the shoots of the vetch , 20 kilos of crude 
asparagine, obtained from 6600 kilos of vetch 
gave 100 grms of the pure dextro asparagine 
The compounds prepared from dextro- 
asparagine exhibit the same properties as those 
’ prepared from the Ihbvo asparagine except that 
their rotatory power is reversed By heating 
with 2 mols of aqueous HCl at 170°-180° both 
asparagines give the same inactive aspartic 
acid (Piutti, C R 103, 134 , B 19, 1691) 

Additional References — Vauquehn a Bobi- 
quet, A Ch 67, 88 , Dessaignes, A 82, 237 , 
Pina, A Ch [3] 22, 160 , Pasteur, A Ch [8] 
31,70 , Mercadante, G 6, 187 , Portes, B 9, 1934 , 
Dubrunfaut, J pr 53, 608 , Gorup Besanez, A 
125,291 , Champion a Pellet, B 9, 724 , Becker, 
B 14, 1081 , De Luca a Ubaldmi, C R 69, 627 , 
Buchner, Z 1862, 117 , Campani, Z [2] 6, 87 , 
E Schulze, B 16, 2866 , J pr [2] 20, 897 . 27, 
839 

A8PAETI0 ACID C^H.NO, t e 
CO,H CH, CH(NH 2 ) COjH Amido succtmc acid 
Mol w 133 S G 1 66 S 45 at 20° , 6 4 
100° 

Formation — 1 By boiling asparagine with 
lime, baryta, PbO, KOH, or HCl dissolved in 
water — 2 By boiling albumen or casein with 
dilute 5,80, (Kreussler, J pr 107, 239 , Bitt- 
hausen, J pr 107, 218) —3 By treating pro- 
teids with bromine (Hlasiwetz a Habermann, 
A 159, 325 ) — i From casein by treatment 



ASPARTIC ACID. 


with SnCl, and HCl (H a H , ^ 109. 162) -6 
From diazo succinic ether by reduction with 
Einc dust and acetic acid (Curtius a Koch, B 
19, 2460) 

Preparation 100 grms of asparagine are 
boiled for 2 or 8 hours with an inverted con 
denser with 408 c c of pure aqueous hydnc 
chloride (containing 11925g HClpercc) To the 
cooled solution is then added 204 c c of aqueous 
NHs(coi respondingto the acid volumefor volume) 
On standing for several hours the aspartic 
acid separates in colourless ciystals The yield 
js 90 p c of the theoretical (Schiif, 17, 2929) 
Properties — Small trimetnc rectangular 

plates SI sol water, insol alcohol Its solu 
tions in alkalis are laevorotatory , its solution 
m HClAq is dextrorotatory, [a]n« +28° The 
rotation is affected by the nature of the solution 
(Becker, B 14, 1085) Aspartic acid (1 mol) 
prevents the ppn of Cu(OH)^ (1 mol ) by KOH 
Reactions — 1 Nityous acid converts it into 
laahc acid — 2 Mel and KOH form fumaric 
acid (Korner a Menozzi, R Istit Lombard 13, 
362) —3 Not affected by boiling water or by 
magnesia — 4 Heating in a current of HCl at 
130°-200° produces two anhydrides (a) 
insoluble m water (Cj^HoeN^O,,), (6) slightly 
soluble in water (C,<.H,^N^Oe) Both are con 
verted by boiling baryta into aspartic acid , but 
when the former is heated for 2 hours at 125° 
with half its weight of uiea it produces a gummy 
mass, soluble in water forming a solution that 
has all the characters of a proteid It is ppd 
by acids, by NaCi, MgSO^, tannin, and HgC^ 
forming gelatinous pps CuSO^ and KOH give 
a violet solution (Grimaux, C E 93, 771) 

Salts — H A' HCl deliquescent crystals — 
HA'HjSO^ — NaHA" aq trimetnc prisms , S 
89 at 12° — BaH A"2 4aq — BaA'^daq — CaA"4aq 
— HgA" — PbH^A" — PbA" — AgHA' — 
Ag,A" — CuA" 4iaq S 035 at 15°, 43 at 100°, 
V sol dilute HOAo The insolubility of this salt 
may be used to detect and to isolate aspartic 
acid (Hoffmeister, Sitz B 75, 469) — CuA"3aq 
(Curtius a Koch, B 19, 2460) 

Afono ethyl ether A"EtH Its hydro 
chlonde (A"HEt)5jHCl forms large colourless 
needles, [199°] 

Dt ethyl ether A"Eto Its hydrochloride 
A'Tltj.HCl forms excessively hygroscopic con 
oentnc needles 

Di methyl ether A"Me2 Its hydro 
chloride A"Me2,HCl forms very hygroscopic 
glistenmg pnsms (Curtius a Koch, B 18, 1293) 
Amide V Asparaoine 
Di-phenyl amide 

COpa CjHgNHj CONPhj [230°] Formed, toge 
ther with phthalimide, by the action of NH, on 
the diphenylamide of phthalyl amido succinic 
acid CO,H C2H,N(C20,C,H,) CONPh, (Piutti, Q 
16, 14) 

Inactive asparUo acid C<H,NO^ S 42 at 7° 
Formation — 1 By the action of boiling HCl 
<m the product obtained by heating the acid | 
ammonium salts of maho, maleic or fumaric 
afiid — 2 By beating an aqueous solution of the 
hydrochlonde of active aspartic acid for several 
hours at 170° (Michael a. Wmg, B 17, 2984 , 
Am 7, 278) 

Properties — Monoolmie needles Ckmverted 
by nitrous aoid into inactive malic acid 


Salts —PbA" — AgA" — H2A"H01 
Lesvo-aspartic acid C^H^NO^ Obtained from 
dextro asparagine by treatment with HCl 
(Piutti, B 19, 1693) Laevorotatory Its proper 
ties are the same as those of the dextrorotatory 
acid Combines with dextro acid to form an 
inactive modification 

Additional References — Plisson, A Ch 40, 
303, 45, 315, Boutron Chautard a Pelouze, 
A Ch 62, 90, Liebig, P 31, 232, A 26, 125, 
161 , Wolff, A 75, 293, Pma, A Ch [3] 22, 160, 
Dessaignes, C R 30, 324 , 31, 432 , A 83, 83 , 
J Ph [3] 32, 49 , Pasteur, A Ch [3] 34, 30 , 
A 82, 324 , Pott, J pr [2] 6, 91 , Radziszewski 
a Salkowski, B 7, 1050 , Bitthausen a Kreussler 
J pr [2] 3, 314 , Scheibler, J Ph [4] 4, 162 
B 2, 296 , Kreussler, Z [2] 6, 93 

ASPHALT A natui;al product of the de 
composition of vegetable substances It is found 
on the shores of the Dead Sea, also in a molten 
state in Trinidad, and as a mineral deposit at 
Seyssel It frequently impregnates other rocks 
When distilled with water, petrolene C^H„ 
(280°), S G ^ 89, V D 9 5, passes over (Bous 
singault, A Ch [2] 64, 141 , Voelckel, A 87, 139) 
A8PID0SAMINE C 2H [c 100°] In 

quebracho bark (Hesse, A 211, 263) Turns 
yellow in air V e sol ether, chloroform, 
benzene or alcohol, v si sol light petroleum, 
insol ^\ate^ Its alcoholic solution turns 
htmus blue, neutralises HCl and tastes bitter 
Reactions — 1 Solution of hydrochlonde gives 
with le^Cle a brownish red colour — 2 Cone 
H2SO4 gives a bluish solution — 3 Cone H^SO, 
and M0O3 gives a blue liquid— 4 Cone H^SO, 
and K Cr^Oy gives a dark blue colour — 5 Boiling 
aqueous HCIO^ gives a magenta colour 
Platinochloride — B'jH^PtCle 3aq 
ASPIDOSPERMATINE C^^H^N^O^ [162°] 

In quebracho bark (Hesse, A 211, 259) Crystal 
line V sol chloroform, alcohol, or ether In 
alcohol (97 pc) it turns litmus blue, has a 
bitter taste, and is laevorotatory [o]^** —72 3° at 
15° m a 2 p c solution 

Reactions — 1 HCIO4 gives a magenta colour 

2 Cone H28O4 and KaCrjO, give no colour — 

3 Fe^Cl, gives no colour 

Salts — Dilute HCl is neutralised by aspido 
spermatme NaOH or NHg give m the solution 
a flocculent pp (m sol pure water) which soon 
becomes crystalline Salts are amorphous — 
(B'HCl)2PtCl4 4aq 

ASPIDOSPEEMIKE Cj^H^NgO, [206°] 
[«]„ (alcohol) -100 2°. (chloroform) -83 6°, 
(dilute HCl) — 62° (in all cases 2 p c solution at 
16°) S (alcohol) 2 at 14° , (ether) 74 at 14° 
(Wulfsberg, Ph [3] 11, 269) An alkaloid 
present (with others) in bark called m the 
Argentine Bepublio quebracho bianco or 
quebracho Colorado (Fraude, B 11, 2189 , 
Hesse, A 211, 261 , Arata, C J 40, 622) 
Needles or pointed prisms (from alcohol or light 
petroleum) M soL alcohol, al sol ether or 
light petroleum, y sol benzene or chloroform 
livorotatory 

Reactions — 1 HCl and PtCl4 give a blue 
pp — 2 HCIO4 gives a magenta colour — 8 Cono 
no colour —4 Cone BEjSO^ and MoO, no 
colour — 6 Cone HjSO, and KjCr^O,, a brownish- 
red turning dark green Balts give witk 



ATMOSPHIlR® 


NH,, NaOH, Na.,CO„ or NaHOO,, a white 
flooculeot pp becoming crystalline 

Salts — Very unstable, even ether or OHCl, 
ean partly decompose them — B'jRjPtCL4aq 

ASSAILAB A name given by Beicnenbach 
(A 49, 3) to a bitter, deliquescent, transparent 
yellow solid which may be extracted by alcohol 
from toasted bread It is insol ether The 
same name was given by Volckel (A 85, 74) to 
a thick yellow neutral syrup obtained from the 
aqueous portion of the product of the distilla 
tion of cane sugar It is sol ether Both sub 
stances reduce aqueous AgNOj 

ASYMMETRIC CARBON A name applied 
to an atom of carbon that is united to four 
different atoms or radicles All compounds that 
in the liquid state or in solution rotate light 
contain asymmetric, carbon (Van ’t Hoff, La 
chimie dam I'e^pace , Le Bel, Bl [2] 22, 337) 

ATHAMANTA, OIL OF (163°) 

S G 84 An essential oil obtained from the 
leaves of Athamanta oreoselinum It forms a 
liquid compound with HCl (190°) (Schneder 
mann a Winckler, A 51, -136) 

ATHAMANIIN [79°] In the 

root and seeds of Athamanta oreoselinum 
Fibrous, silky crystals, or sometimes rectangular 
prisms , insol water, v sol alcohol and ether 
It gives valeric acid on dry distillation Aqueous 
acids and alkalis split it up into valenc acid and 
oreoselone Chloro , and tri nitro , 

athamantin are amorphous (Schnedermarm, A 
51, 315 , Geyger, A 110, 359) 

ATHEROSPLRMINE [128"] An alkaloid 
In the bark of Atherosperma moschatum A 
greyish white powder with bitter taste V si 
bol water, m sol alcohol, si sol ether The 
solution of its hydrochloride gives pps with 
phosphomolybdio acid, picric acid, tannin, and 
PtCl^ It liberates lodme from iodic acid (Zeyer, 
/ 1861, 769) 

ATMOSPHERE The word Atmosphere 
(iTfxds, vapour , (r<t>a7pa, a globe) in its most ex- 
tended sense signifies the gaseous envelope which 
surrounds any liquid or sohd body more com 
monly, however, it is taken to mean the invisible 
elastic fluid which surrounds the earth A vanety 
of phenomena, e g solar and terrestrial radiation, 
animal and vegetable life, weather, the dis 
integration of rocks and the formation of 
soils, the propagation of sound, Ac , are de 
pendent on the existence of a terrestrial atmo 
sphere The earth is not the only planetary 
body which possesses an atmosphere The Bun, 
Jupiter, Mars, Saturn, have doubtless very 
dense atmospheres, but as yet we have no 
exact knowledge of their physical and chemical 
natures 

The phenomena of solar eclipses, and the 
facts that a single star seems to disappear 
instantly when it is occulted opposite the smooth 
part of the moon’s limb, and that there is no 
change of colour or other effect such as a re 
tractive atmosphere would occasion, make it 
certain that the moon’s atmosphere, if it exists 
at all, must be of extreme tenuity This con 
elusion 18 strengthened by evidence afforded by 
the spectroscope It has been observed that 
the spectrum of the moon’s light is identical 
with the solar spectrum and there is no trace of 
any abi orptive action , moreover, it is found that 
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the spectrum of a star during its oooultatioa 
disappears as suddenly as the star itself 
i Wollaston s arguments as to the finite ex- 
tent of the terrestrial atmosphere were deemed 
inconclusive even by his contemporaries There 
IS indeed direct evidence for the belief that air 
IS present in a state of sensible density at much 
greater heights than 40 or 45 miles which was 
the limit Wollaston assigned Liais, from ob- 
servations on the phenomena of sunlight at Rio 
Janeiro, arrived at a superior limit of 200 miles , 
and Secchi, from observations on luminous 
meteors, calculated that air exists of appreciable 
density even at a height of 200 kilometres above 
the earth’s surface It is in fact probable that 
no actual limit exists Up to the present it has 
been impossible to arrive at direct results other 
wise than by astronomical observations, as the 
law of the diminution of temperature which in 
great measure governs the extent of the repul 
Bion among gaseous particles is unknown for 
the upper strata of the atmosphere No argu- 
ments can be based on the finite expansibility 
of gases Farada;y ’s experiments on the limits 
of vaporisation of mercury have been contro 
verted by Merge t It is obvious that the relative 
distribution of the mass of the air will be 
modified by the increase of attraction at the 
poles as compared with that at the equator , by 
the increase of temperature as we approach the 
torrid zone , and by the eaith’s motion 

The ponderability of air although suspected 
before the time of Aristotle was first conclusively 
demonstrated by Galileo, who found that a 
copper ball containing condensed air weighed 
more than when filled with air of ordinary 
tension The weight of 1 litre of air, freed from 
aqueous vapour, carbonic acid, and ammonia, at 
0°C , and under a pressure of 0 76 m of mercury, 
at Pans (lat 48° 50'), and at a height of 60 m 
above the sea level, was found by Regnault to 
be 1 293187 grams According to Regnault 
1 litre of oxygen at the normal temperature and 
pressure weighs 1 429802 grams , 1 litre of nitro 
gen under the same conditions weighs 1 256167 
grams If x be the volume of oxygen contained 
m 1 litre of air, and 1-x that of the nitrogen, 
then 1 429802X + (1 - a;) 1 256167 - 1 293187. 
whence x-0 2132 or in per cents 21 32, which 
18 considerably higher than that found by eudio- 
metric analysis Accoiding to Magnus 1 litre 
of pure air at 0° and 76 m weighs at Berlin 
(lat 52° 36') 1 29306 grams Ph v Jolly found 
that at Munich (lat 48° 8', 515 m above the 
sea’s level) 1 litre of oxygen at 0° and 76 m 
weighed 1 429094 grams , and 1 litre of nitrogen 
under the same conditions weighed 1 257614 
grams Reducing these numbers to the lat of 
Pans and to a height of 60 m above the sea’s 
level, they become 

Jollv Resmatilt 

Oxygen . 1429388 1429802 

Nitrogen 1 257873 1 256167 

The Bureau Intemat dee Poide et Meeurea 
adopts for the weight of 1 litre of dry air under 
a normal barometric height of 1 mm and at ths 
normal temperature t 

p _ 1293052 1 

'*^*“ 1+0 00367 “^TeO 

on the assumption that the air contains *0004 
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parts ol carbonic acid, and that 00367 is the 
coefficient of expansion of air at constant pres 
sure for a normal degree 

This expression is obviously only true for a 
particular ratio of oxygen and nitrogen The 
composition of the air vanes sufficiently to 
affect its value at different times (Ph v Jolly, 
W 0 , 620) 

The pre&sure exerted by the atmosphere upon 
the earth’s surface, at the sea s level or upon 
uny substance at that level, may be expressed 
by Ba>iiig that it is equivalent to a barometric 
column about 76 centimetres (29 92 inches) 
high Now at ordinal y temperatures 1 c c of 
mercury weighs 13 58 grams If we suppose 
that the base of the meicuual column is 
1 sq centimetre it follows that the weight 
of the counterbalancing atmospheric column is 
76x 13 58 = 1032 giams This is equivalent to 
14 73 lbs upon a sq inch It can be readily 
calculated that the total weight of the atmo 
sphere of this average pressure is about 11 § 
■tiilhons of pounds, oi tiillion kilos Allow 
mg for the space occupied by the land above 
the sea’s level, the mass of the atmosphere may 
be taken as 1-557755 part of that of the earth 
(Heischel) ‘ 

The heights of the counterbalancing columns 
•of air and mercuiy will of couise be in the ! 
^ame ratio as the weights of equal volumes 1 
if it be assumed that the an is of uniform | 
/tension throughout The height of this homo 
geneouB atmosphere is between five and six 
miles it was first calculated by Robert Bojle 
,to disprove the conjectures of Kepler and 
others that the air could not extend beyond a 
oouple of miles or so from the earth’s surface 

As the air is an elastic fluid it follows fiom 
Boyle’s law that its pressure must dimmish as 
'we ascend , hence the mercurial column stands 
slower on a mountain top than in the valley 
below The fact that the barometric column is 
Jess on the top of an elevation than at the 
bottom was first noticed in 1643 by Claudio 
Bereguardi from observations on the tower of 
Bisa— that is, five years before Perrier made 
his famous experiments on the Puy de D 6 me 
The relation between the pressure and density 
pf the air at diffeient altitudes may be seen 
from the following table — 


Ketrea above 
sea level 

Bulk of air 

Density 

Barometer 

mm 

0 

Icub metre 

1 

760 

6,620 

2 

05 

880 

11,040 


0 25 

190 

16,660 

8 

0 125 

95 

22,080 

16 „ 

0 0625 

47 5 

27,600 

32 „ 

0 0312 

23 8 


A pressure equivalent to the average pres 
sure of the atmosphere at the level of the sea 
IB frequently adopted by engmeers and others 
as a umt of pressure and is styled an atmo 
tphere In this country an atmosphere is the 
pressure equal to 29 905 inches of mercury at 
88 ^ F at London, and is about 14 78 lbs on the 
eq inch In tlie metric system it is the pres 
•ure of 760 mm (20 922 mches) rf mercury at 
O^C at Pans, and is equal to 1 033 kilos on a 


sq centimetre Hence the English * atmo* 
sphere ’ is 0 9^968 that of the metric system 
That the mercury in the Torricellian tube, or 
barometer as it was termed by Boyle, is constantly 
varying in height even at the same place, and 
that these variations are due to the fluctuating 
pressure of the atmosphere, appears to have 
been first clearly recognised bv Descat tes and 
by Boyle in 1658 It is, however, only within 
the last few years that we have acquired any 
very definite information respecting the dis 
tiibution of the mass of the atmosphere over the 
earth The pressure of the air at any given 
spot depends upon its relative position on the 
earth’s surface at this spot it varies also with 
the season of the jear and the hour of the day 
, According to Buchan, whose isobaric chaits are 
' reallj the foundation of our exact knowledge of 
the subject, there are tw(J broad belts of high 
I pressure passing completely round the globe, 

[ one to the north and the other to the south of 
' the equator The southern belt of high pres 
I sure is nearly parallel to the equator , but 
the northern belt is more irregular in outline m 
consequence of the unequal distribution of land 
and water in the northern hemispheie Between 
them is the low pressure of the tiopical regions, 
through the centre of which is a nariow belt of 
still lower pressure towards which the north 
and south trades blow A region of low pressure 
exists also round each pole that round the north 
I pole having two distinct centres, one in the north 
I Atlantic, the other in the Pacific at each of 
these the diminution of pressure is much below 
the average of the north polar depression As 
regards the seasons, it is found that in January 
the highest pressures are over the continents of 
the northern hemisphere, and the lowest pres 
sures are over the northern portions of the 
Atlantic and Pacific, S America and S Africa, 
and the Antarctic Ocean The maximum mean 
pressure at this time is found m Central Asia 
where it is 30 4 inches, the minimum is in the 
N Atlantic and round Iceland, where it is only 
29 34 inches The area of high pressure passes 
westwards through central and southern Europe, 
over the N Atlantic between the parallels of 
6 ° and 45®, across N America (except to the 
North and North West), and over some portion 
of the Pacific In July the mean pressure of 
Central Asia is only 29 468 mches — 01 one inch 
less than in January The lowest pressures of 
the western hemisphere are now to be found 
over the continents, whilst the highest are over 
the ocean between 60° N lat and 50® S lat 
Pressures are also higher at this time over 
8 Africa and Australia 

Speaking generally, atmospheno pressure is 
more regular throughout the year over the 
ocean than over the land To the westward of 
each oontment there is at all seasons an area of 
higher pressure over the ocean than over the 
land, m amount varvmg from 01 to 0 3 mch 
These regions of high pressure extend over 
about 80® of longitude and attam their maxima 
during winter The prevailing winds and the 
general circulation of the atmosphere are iiv 
timately associated with these areas of high and 
low pressure Winds, in fact, are caused by the 
flowing away of air from regions of high 
pressure to those of low pressure, in accordance 
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l^ith Bays Ballot's la'w, whioh has been thus 
expressed by Buchan ‘ The wind neither blows 
round the space of lowest pressure m circles 
returning on themselves, nor does it blow di 
rectly towards that space, but it takes a direo 
tion intermediate, approachmg, however, more 
nearly to the direction and course of circular 
curves than of radu to a centre More exactly 
the angle is not a right angle, but from 45^ 
to 80° ’ 

The most important of the influences affect 
ing atmospheric pressure during the months are 
temperature, and, as a secondary effect of tem- 
perature, humidity By comparing the average 
pressure during the two months which exhibit 
the greatest divergence of temperature, viz 
January and July, Buchan finds the following 
general result — Th| January pressure exceeds 
that in July over the whole of Asia except m the 
north east, the highest pressures being near the 
middle of the continent , over Europe to the 
south and east of a line drawn from the noith 
of Russia to the south of Norway, thence to the 
north coast of Germany, across France to Bor 
deaux, along the north of Spam, and pass 
ing out into the Atlantic at Corunna , over 
N America except in the N East and N West 
The July pressure exceeds that m January over 
the whole of the southern hemisphere, over the 
northern portion of the N Atlantic, and over the 
northern part of the Pacific The pressure which 
IS thus removed from Asia, Europe, and America 
in the noithem hemisphere m July is trans 
ferred partly to the southern hemisphere, and 
partly to the more northerly portions of the 
Atlantic and Pacific Oceans ‘ 

At all places on the earth’s surface where 
the alternation of day and night exists, the pres 
sure of the atmosphere exhibits a remarkable 
diurnal variation Geneially speaking, the pres 
sure IS highest at about 9 am and 9 pm, and 
lowest at about 8 am and 3 pm, but the exact 
times vary somewhat with the locality and with 
the season of the year The regularity of this 
variation within the tropics is so great that, as 
Humboldt remarked, the hour of the day may 
be approximately ascertained from the height of 
the mercurial column This oscillation in atmo 
spheric pressure is not confined to the sea’s 
level it takes place with equal regularity at 
heights of 13,000 feet Within the tropics the 
oscillation amounts to about 2 2 mm , but as we 
approach the poles it decreases, until at 70° N 
lat it IB only 0 8 mm In our latitudes these 
horary variations are much less strongly marked 
than m the tropics, and are usually masked by 
climatic disturbances, but by comparing the 
results of a large number of observations, the 
fluctuation, which in these islands amounts to 
about 0 6 mm on the mean of the year, can be 
clearly made out In Pans eleven years’ obser- 
vation shows that the mean barometnc oscilla 
tion amounts from 9 am to 3 pjh to 0 756 mm , 
and from 8pm to9PM toO 373 mm The 
amonnt of the diurnal variation differs dunng 
(he seasons of the year, bemg greater m summer 

* For forUier detaila see Bnohan, * The mean pressure 
of the Atmosphere and the prevailing Winds over the 
Olobe for the Months of the Year ’ (T£ SM also Julios 
Hanns Erdkvnde , and B. 11 Sootts Jitemenfaty Mt 


than in winter This pouliar phenomenon has 
given nse to much discussion, but as yet the 
cause cannot be said to be satisfactorily deter- 
mined Unlike the oceanic tide, it cannot be 
ascribed to the influence of the moon, since 
Bouvard has shown that the portion of the 
horary oscillation of the pressure of the atmo- 
sphere which depends on the attraction of the 
moon cannot raise the mercury m the barometer 
at Pans more than 0 018 mm , whilst the total 
variation deduced from the 11 years’ observation 
amounts to 1 129 mm The fact that the two 
maxima of pressure occur when the temperature 
IS about equal to the daily mean, and the two 
minima when the temperature is at its highest 
and lowest, has led to the supposition that the 
fluctuations in pressure are connected with the 
daily march of temperature, and also with the 
humidity of the air Dove, Sabine, and Hopkma 
have offered explanations based on such con- 
nections, but they are msufticient to account for 
the facts Lamont and Brown have sought to 
refer the phenomenon to the magneto electric 
influence of the sun, or in other words to connect 
it with the cause of the diurnal changes in ter- 
restrial magnetism There is every reason for 
supposing that the cause of the diurnal vanation 
in atmospheric pressure is in some way depen 
dent on, or originates with, the sun, but that its 
effects are greatly modified by a variety of local 
or accidental circumstances, as for example the 
prevailing winds, the amount of moisture in the 
air, and the relative distribution of land and 
water 

The atmosphere appears to receive its heat 
(1) from the direct rays of the sun, (2) by the 
reverberation of those rays from the surface of 
the earth, (3) by contact with the ground, 
and (4) through the influence of aqueous 
vapour 

Although the air is not absolutely diather 
manous, the heat received by the air from the 
direct rays of the sun is the least important of 
the sources enumerated We know very little 
at present as to whether the diathermancy of 
air varies with its density that is, we have 
little evidence to determine whether the absorp 
tion of the sun’s rays mcreases as they pass 
further mto an atmosphere compressed by its 
own weight 

The greater portion of the heat which finds 
its way into the atmosphere is due to radiation 
from the earth’s surface and to the air being m 
contact with the ground The amount of heat 
thus sent mto the air depends to a great extent 
on the nature of the soil which receives the 
solar radiations and on its capacity for retaming 
heat Hence places m the same latitudes and 
not very far distant from each other, and in the 
same condition as regards protection, may have 
very different mean temperatures on account of 
the different capacities of vanous soils for ab- 
sorbing and retainmg heat 

Aqueous vapour is one of the most important 
agents m modifying the temperature of the 
atmosphere A relatively large amount of heat 
IS rendered latent in the process of evaporation 
from the surface of the earth, and becomes sen- 
sible on the condensation of the vaponr in the 
upper regions of the air Aqueous vapour also 
acts even when in the condition of a perfect gai 
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by retarding the traufimiecion of the son’s rays 
through the air As the quantity of aqueous 
vapour decreases as we ascend through the 
atmosphere, it follows that the amount of this 
absorption increases as the sun’s rays penetrate 
further mto the atmosphere 

The temperature of the atmosphere varies 
with a multitude of causes, such as the latitude, 
the season of the year, the hour of the day, the 
degree of humidity, Ac Among the causes 
which tend to raise the temperature of the air 
may be enumerated the proximity of a western 
coast in the temperate zone, the divided con 
figuration of a continent into peninsulas iMth 
deeply indented bays and inland seas , the aspect 
or position of a portion of the land with reference 
either to a sea of ice spreading far mto the polar 
circle, or to a mass of continental land of con- 
siderable extent lying in the same meridian, 
either under the equator or at least within a 
portion of the tropical zone , the prevalence of 
southerly or westerly winds on the western shore 
of a continent in the temperate northern zone , 
chains of mountains acting as protecting walls 
against winds coming from colder regions , the 
infrequency of swamps which in the spring and 
beginning of summer long remain covered with 
ice , and the absence of woods in a dry sandy 
soil , finally the constant serenity of the sky in 
the summer months, and the vicinity of an 
oceanic current bringing water which is of a 
higher temperature than that of the surrounding 
sea 

On the other hand, the following causes lower 
the temperature of the air of a place elevation 
above ^e level of the sea, when not forming 
part of an extended plain, the vicinity of an 
eastern coast m high and middle latitudes , the 
compact configuration of a continent having no 
littoral curvatures or bays, the extension of 
land towards the poles into the regions of per 
petual ice without the intervention of a sea 
remainmg open in the winter, a geographical 
position in which the equatorial and tropical 
regions are occupied by the sea, and conse 
quently the absence under the same meridian of 
a contmental tropical land having a strong 
capacity for the absorption and radiation of 
heat, mountain chains whose form and direc 
tion impede the access of warm winds , the 
vicmity of isolated peaks occasioning the de 
scent of cold currents of air down their declivi 
ties , extensive woods which hinder the insolation 
of the soil by the vital activity of their foliage, 
which produces great evaporation owing to the 
lai^e surface it exposes, and increase the sur 
face that is cooled by radiation, actmg conse 
quently m a three fold manner— by shade, 
evaporation, and radiation, the frequency of 
swamps or marshes which m the north form a 
kind of subterranean glacier m the plams lasting 
fall the middle of summer, a cloudy summer 
sky which weakens the action of the solar rays , 
and finally a very clear wmter sky favouring 
the radiation of heat (Humboldt Recherches 
sur les Causes dea Infiexums des Ltgnes Jso- 
thermes See also Mohn’s Orundsilgs der 
Msteorolog%e) 

The temperature of the sir vanes m different 
strata of the mass, decreasing generally after a 
oertam elevation m proportion as the distance 


from the earth’s surface increases, but it is not 
possible to connect the diminution m tempera 
ture with the elevation in accordance with any 
definite law It is usually assumed that the 
temperature falls about 1°C for every 800 feet 
of perfectly dry air As, however, the air in- 
variably contains moisture, which is condensed 
by cooling and so produces heat, the decrement 
may be taken practically at about 1°C for every 
500 feet This estimate can only be taken as an 
extremely rough approximation, for it is obvious 
that +he rate of cooling must be affected by a 
great variety of causes Indeed the extensive 
series of aeronautical observations made at the 
instance of the British Association showed 
such gieat irregularities m the rate of diminu 
tion that Mr Glaisher concluded that no law 
exists ^ 

The atmosphere always contains free electri 
city, which 18 generally positive, that is, of an 
opposite kind to that of the earth Atmospheric 
electricity increases rapidly after suniise, and 
reaches its first maximum for the day at about 
8 am In general the variation in potential fol- 
lows the diurnal range of atmospheric pressure 
In summer the hours of maxima appear to be 
8am and 10 p m and the minima 4am and 
4 pm In winter the hours of maximum intensity 
are 9am and 10 p m and the minima 4 am and 
4 pm This diurnal variation seems to depend 
mainly on the degree of humidity of the air, the 
humid months manifesting the greatest potential 
The potential seems to increase from July to 
January, and then to decrease According to 
Lverett, the maxima occur in February and 
October, and the minima in June and November 

In clear weather the air is usually positively 
electrified, it is only during ram, or more 
properly speaking when ram begins, that the 
electricity is negative On the approach of a 
storm the air is almost invariably negatively 
electrified, even when the storm clouds are at 
a considerable distance from the place of obser 
vation When ram begins, the drops show nega- 
tive electricity like the air In light ram the 
potential is moderate, but heavy ram is almost 
invariably accompanied by a high potential 
Dellmann’s observations have shown, however, 
that the air may have a very high potential, 
extending over many days, without any other 
evidences of an approaching storm 

The sources from which the electricity of the 
atmosphere is derived are not clearly recognised 
De la Bive attributed it mamly to chemical 
action at work on the earth, Pouillet to the 
evaporation of water, Volta and Saussure to 
the inequalities of atmospheric temperature 
In all probabihty atmospheric electricity is not 
wholly due to any one of these causes they 
may all be regarded as contnbutmg to the 
amount 

The sun’s light in its passage to the earth la 
partially absorbed and reflected by^ the atmo 
sphere Clausius has calculated that of the 
direct sunlight entering the atmosphere on a 
clear day 0 4 p c is absorbed, 18 6 is lafiected 
; and diffused, leaving therefore 76 p o to reach 
: the earth This light is, of course, refracted 
I in its passage m amount depending upon the 
j density of the air Each ray entermg the at 
, mosphere otherwise than perpendicularly may be 
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supposed to desenbe m ourre in oommg to the 
earth, and as objects are seen in the tangent of 
the curve on entering the eye, all celestial bodies 
not m the zenith appear further removed from 
the horizon than they actually are 

The refractive power of dry air free from 
carbonic acid is the mean of the refractive powers 
of the oxygen and mtrogen under the pressure 
which each gas exerts m the mixture This 
fact furnishes a proof of the physical nature of 
the atmosphere , since, as Dulong has shown, the 
refractive power of a compound gas is not equal 
to the refractive powers of its components, but is 
sometimes greater and sometimes less Moist 
air 18 rather less refractive than dry air precipi 
tated vapour, as mist or fog, shghtly increases 
the refractive power 

Although many i^f the more striking physical 
properties of the air were recognised even in the 
earliest ages, it is only within comparatively re 
cent time that anything very definite has been 
known concerning its chemical nature 

It had long been observed that many metals 
on exposure to fire lost their peculiar lustre, 
and it was also known that bv the prolonged 
action of heat they were ultimately converted 
into calces or earthy powders often possessing 
characteristic colours The fact that the calx 
weighs more than the metal from which it was 
derived was known to Geber, and was well under 
stood by the alchemists of the 16th century 
Cardan (1606-1676) m noticing the increase of 
weight which accompanies the calcination of 
lead, says that it is due to a gas [flat'os) which 
feeds flame and rekmdles a body presenting 
an Ignited pomt , and Cesalpmus in the De 
Metallicis (published at Nuremberg in 1602) 
also states that the ‘ orasse ’ which forms on 
the surface of lead exposed to heated air con 
tains an aerial substance which increases the 
weight of the metal Rey of Perigord seems to 
have first clearly recognised that the augmenta 
tion in weight was due to the action of the air 
*Je responds et soutiens glorieusement que oe 
Burcioit de poids vient de I’air qui dans le vase 
a 6t6 6paiBsi * Hooke in 1665 asserted that air 
contains a prmoiple analogous to if not identical 
with that contamed in nitre, and he seems to 
have beheved that a certam portion only of the 
air IB required to support combustion and re- 
spiration The conception of the complex nature 
of the air was greatly strengthened by the obser- 
vations of Mayow on respiration his experi- 
ments are so precise and his facts so mcontest- 
able that, to quote Chevreul, one is surprised 
that the truth was not fully recognised until a 
century after his researches Boyle also con 
Biderably extended our knowledge of the physical 
and chemical constitution of the air m the 
various treatises which he pubhshed between 
1672 and 1692 

Two years after the sagacity of Rutherford 
had demonstrated the existence of nitrogen, 
Priestley obtained oxygen gas by heating the 
calx of mercury or red precipitate The signifi 
canoe of this discovery m its relation to the 
constitution of the air and true nature of calci- 
nation was first clearly and irrefragably demon- 
strated by Lavoisier By heatmg mercury in 
con tact with a measured volume of air, he 
jhowed that about one fifth of the volume of 


the air is absorbed by the metal with the forma- 
tion of * red precipitate,* from which the gae 
can be recovered by heating to a still higher 
temperature, and that the remammg four ^ths 
had all the properties of the ‘ mephitic air,’ or 
nitrogen, of Rutherford This experiment not 
only demonstrated the compound nature of the 
air and the character of its constituents, but it 
also shoved approximately the relative quanti- 
ties m which these constituents were present. 
It was of course quickly recognised that the 
active properties of air depended upon oxygen, 
and it was reasonable to assume that the rela- 
tive amount of this gas determined the quality 
of air , hence arose the art of eudiometry 
Priestley, who discovered nitric oxide in 1772, 
had observed that this gas became red in con- 
tact with the air and that the ruddy gas, unlike 
nitric oxide, was readily soluble in water When 
it was subsequently ascertained that the forma- 
tion of the soluble red gas was due to the action 
of oxygen on the nitric oxide, the idea of basing 
a eudiometnc method upon this reaction vas 
suggested by Priestley Careful experimenters 
were, however, unable to distinguish air which 
was reputed to be unhealthy from that which 
expenence had proved to be beneficial and 
salubrious Thus, in Priestley’s hands, air 
from the country seemed no better than that 
obtained from the worst ventilated workshops 
of Birmingham Cavendish, after a critical 
examination of the method, made numerous 
analyses of air ‘Dunng the last half of the 
year 1781,’ he says, ‘I tried the air of near 
sixty different days in order to find whether it 
was sensibly more phlogisticated at one time 
than another, but found no difference that I 
could be sure of, though the wind and weather 
on these days were very vanous, some of them 
being very fine and clear, others very wet, and 
others very foggy On the whole, there is 
great reason to think that the air was m reality 
not sensibly more dephlogisticated on any one 
of the sixty days on which I tried it than the 
rest ’ Cavendish devised a scale of graduation 
applicable to all nitric oxide eudiometers, by 
means of which the late Dr Wilson calculated 
that the mean of his results furnished the 
following numbers, expressing the centesimal 
composition of the air by volume 
Oxygen 20 833 

Nitrogen 79 167 

100 000 

Cavendish concludes his account of these 
observations by pomting out the character of 
the information furnished by the eudiometer 
Etymologically the name was without signifi- 
cance ‘In so far as the instrument takes 
cognisance of the impurity of the atmosphere, 
it betrays no difference between one specimen 
of air and another , so that, apparently, there 
are no degrees of goodness to be measured 
Thus it may be inferred that our sense of 
smelling can, in many cases, perceive infinitely 
smaller alterations in the punty of the air 
than can be perceived by the nitrons test* 
(Cavendish, ‘Account of a New Eudiometer/ 
T 1783) 

These conclusions were confirmed by Hum- 
boldt and Gay Lussac in their celebrated 



839 


ATMOSPHERE 


memoir on the composition of the air, published 
HI 1804 They employed the eudiometrio method 
of Volta, ♦ e explosion with hydrogen, and from 
an extensive series of analyses made on air 
collected in the most variable weather they 
concluded that 100 vols of air contained 21 of 
oxygen and 79 of nitrogen 

The constant proportion of the two pnncipal 
constituents of the atmosphere appeared now 
to be so well established that many chemists, 
after the recognition of the atomic theory, were 
inclined to think that air was a definite com 
pound of oxygen and nitrogen The two main 
constituents of the air are, however, not present 
in the simple ratio demanded by the law of 
Gay Lussac There is no evidence of chemical 
combination on mixing oxygen and nitrogen in 
the proportion in which these gases are present 
in air the properties of the mixture are identi 
cal with those of air and are such as might be 
predicated to result from such a mixture 
Moreover, oxygen and nitrogen can be isolated 
from air by mechanical means, or by taking 
advantage of the diffeient intestinal movements 
of the gases Graham separated the gases by 
atmolysis, and Bunsen demonstrated that the 
two gases were absorbed by solvents on which 
they exerted no chemical action in exact accord 
ance with the law of partial pressures Lastly 
the more accurate eudiometric processes of the 
last forty years have shown that the proportion 
of oxygen to nitrogen even in so called normal 
air is not absolutely constant This fact was 
first clearly demonstrated by Bunsen in a 
senes of analyses made durfng January and 
February 1846, he found that the percentage 
amount of oxygen varied from 20 97 to 20 84 
by volume, tea. diffeience of 0 13 pc, \ihereas 
the error of experiment never exceeded 03 p c 
Even wider variations were found by Eegnauit 
in the course of a long senes of analyses made 
on air collected in different parts of the world 
In more than 100 analyses of air taken at 
various times of the year in and about Pans the 
lowest quantity of oxygen found was 20 913 and 
the highest 20 999 , an extreme difference of 
0 086 , the experimental error being 0 02 p o 
Air collected from different parts of Europe, 
from valleys and from the tops of mountains 
and dunng different seasons of the year, showed 
variations m the amount of oxygen from 20 903 
to 21 0 p c 

Angus Smith found similar differences in 
London air in the course of numerous analyses 
made during 1869 , the percentage amount of 
pxygen varied between 20 867 and 20 96 That 
these variations are due to local or accidental 
causes in the case of a town is established by 
the circumstance that the air in the streets is 
almost invariably poorer in oxygen than the 
air of the parks and open spaces As types of 
normal air, Angus Smith found the following 
means of numerous analyses of ait m Scotland 
<1868-6) 


Seashore and the heath 

Oxjfren 

20 999 

Tops of hills 

20 98 

Not mountainous 

20 978 

Forests 

20 97 


In marshy places the oxygen sank as low as 
80 922. 


In Glasgow, in a senes of 80 analyses Iho 
oxygen varied from 20 889 m the closer parts 
to 20 929 in the more open places A R Leeds 
found that the air of New York showed varia* 
tions from 20 821 to 21 029 p c , and lastly 
Jolly found that air in Munich freed from car- 
bonic acid and aqueous vapour varied m weight 
as much as 9 mgm per litre, this variation 
depending upon the direction of the wind By 
eudiometric measurement he obtained variations 
fiom 20 63 to 21 01 p c Southerly winds as a 
rule showed a relatively low percentage of oxygen 
According to E W Morley these deficiencies in 
the relative amount of oxygen are to be attributed 
to the down rush of air poorer in oxygen from 
the higher regions of the atmosphere It was 
conjectured by Dalton and Babinet that air m 
the upper strata of the atmosphere contained 
relatively less oxygen thah that immediately 
above the earth 

From Regnault’s observations it would seem 
that sea air contains slightly less oxygen than 
land air The mean of 17 samples collected in 
the Arctic seas was 20 91, the extremes being 
20 94 and 20 85 The mean of all the samples 
collected at sea \\as 20 84 , m a senes of twenty 
only five showed amounts of 20 90 and upwards 
On the other hand, the observations of Lewy indi- 
cate that sea air differs but little m composition 
from land air, but that in the tropics it expe 
riences close to the sea a diurnal variation in 
the amount of oxygen and carbonic acid, due 
to the action of the sun’s heat in disengaging 
these gases from the water Subsequent ex 
penments on the composition of air over the 
sea have not confirmed these observations so 
far as the carbonic acid is concerned {vide 
infra) 

We have comparatively little information m 
regal d to the relative quantities of the consti 
tuents of the air at great heights Such 
experimental evidence as exists seems to indi 
cate that air contains relatively less oxygen 
in the higher strata than near the surface of the 
earth 

Very little is known respecting the proportion 
of ozone in the atmosphere, or of the circum 
stances which influence its production The 
ozonometrio methods hitherto devised are in 
capable of affording accurate quantitative esti 
mations Air over marshes or in places infested 
by malaria contains little or no ozone No 
ozone can be detected in towns or in inhabited 
houses 

Houzeau (A Ch [4] 27, 6) determines the 
relative amount of ozone in the air by exposing 
strips of red litmus paper dipped to half their 
length m a 1 p c solution of potassium iodide. 
The paper in contact with ozone acquires a 
blue colour from the action of the liberated 
potash upon the red litmus The iodised litmus 
paper is preferable to iodised starch paper 
(SchSnbein’s test pai>er) which exhibits a blue 
coloration with any reagent which liberates 
iodine, e g nitrous acid, chlorine, &o From ob 
servations made with iodised litmus paper 
Houzeau concludes that ozone exists in the air 
normally, but the intensity with which it acts at 
any given point of the atmosphere is very vari^ 
able Country air contains at most 
its weight or of its volume of ozone* 
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The frequency of the ozone manifestations 
varies with the seasons, being greatest in spring, 
strong in summer, weaker in autumn, and 
weakest in winter The maximum of ozone is 
found m May and June, and the minimum in 
December and January In general ozone is 
more frequently observed on rainy days than in 
fine weather Strong atmospheno disturbances, 
as thunder storms, gales, and hurricanes, are 
frequently accompanied by great manifestations 
of ozone According to Houzeau atmospheric 
electricity appears to be the most active cause 
of the formation of atmospheric ozone 

The existence of hydrogen peroxide in air was 
first established by Meissner in 1863, but we 
have no knowledge of the proportion in which it 
IS present All information as to its relative 
distribution is obtained from determinations of its 
amount in ram watei? and snow The proportion 
seems to vary, like that of ozone, with the seasons 
of the year and with the temperature of thb air 
It IS not improbable that the amount of hydro- 
gen peroxide in air is greater than that of ozone, 
and it IS possible that many so called ozone 
manifestations are in reality due to peroxide of 
hydiogen {v Houzeau, G R 76, 491 , Schdn 
hem, J pr 106, 270 , Meissner, J 68, 181 , Schone, 
B 12, 346, 13, 1603) 

The amount of aqueous vapour in the air is 
subject to great variations It depends princi- 
pally upon the temperature, on the distance 
from the equator, and on the level of the sea , on 
the form m which the aqueous vapour is pre 
cipitated, on the connexion between such pre 
cipitations and the change of temperature , and 
on the direction and succession of wmds The 
air 18 rarely saturated with aqueous vapour In 
our moist climate saturation is sometimes very 
nearly attained, but m some parts of Central 
Asia, Russia, and Africa, extraordinary degrees 
of dryness have been noticed In these islands 
the most humid month is January, and the dries 
IS May 

The existence of carbonic acid m the atmo 
sphere was first inferred by Dr Macbride of 
Dublin, in 1764, from the observation that 
quicklime after exposure to the air effervesced 
on treatment with an acid From the ease with 
which determinations of its amount may be 
effected our knowledge of the distribution of 
atmospheric carbonic acid and of the causes 
vhich affect its proportion is probably more 
precise than in the case of any other consti- 
tuent of the air In fresh country air the 
amount is remarkably constant, and may be 
stated as about 034 pc In large towns and 
cities it IS usually greater , thus Angus Smith, 
from numerous analyses made in London during 
November 1869, found as a mean 044 pc in 
upwards of 70 analyses the proportion fell below 
04 p 0 on only 6 occasions In Glasgow, Smith 
found on an average 05 p o The amount will 
of course be affected by any circumstances 
which interfere with the rapid diffusion of the 
carbonic acid produced by respiration and the 
combustion of fuel hence during fogs the pro- 
portion 18 very greatly increased, an amount 
as high as 01 p o havmg been occasionally 
noticed Smith gives the following summary 
of results obtained m Manchester (Air and 
i?atn, p 62 ) 


Per cent. 

In Manchester streets m usual weather 0408 
During fogs 0679 

Where the -fields begin 0369 

In country air the amount of carbonic acid is 
invariably greater at night than during the day 
This remarkable diurnal variation was first 
pointed out by Saussure (P 19, 891), and has 
been fully confirmed by subsequent observers 
Thus, as the mean of numerous analyses made 
at Clermont Ferrand, Truchot (G B 77, 676) 
obtained durmg the day 0363, and during the 
night 0403 (u also G F Armstrong, Pr 1880 
343, and Muntz a Aubin, G R 92, 1299) 
These differences are mainly due to the exha 
lation of carbonic acid from plants at night 
In the air of towns, and in the absence of 
vegetation, no such diurnal variations can be 
detected 

The amount of carbonic acid in the air is 
not sensibly altered by ram this indeed would 
follow from the law of partial pressure Over 
the sea the amount of carbonic acid is about 
03 p c , and, contrary to the statement of Lewj , 
no diurnal variation in the amount can be 
perceived (Thorpe, G J [2] 6, 189) Schulze 
(handw Versuchs St 14, 860) obtained 
similar results with sea air at Rostock the 
mean of a large number of observations made 
from 1868 to 1871 was 0292 pc No definite 
change in the amount was observed at different 
seasons of the year or at different times of the 
day Fog and also a fall of snow were often 
associated with an increase of carbon dioxide 
(v also Fittbogen a Hasselbarth, G C 1874 
694) 

Very little is known concerning the distnbu^ 
tion of carbonic acid in the higher strata of 
the atmosphere According to Saussure and 
Schlagentweit the amount of carbonic acid on 
the mountains is greater than on the plains 
Truchot however found only 0203 on the top 
of the Puy de D6me (1446 m ), and 0172 on the 
Peak of Sancy (1884 m ), as against 0313 at 
Clermont Ferrand Additional observations are 
required 

The existence of nitric acid in the air was 
first inferred by Priestley The amount, how- 
ever 18 BO small that it can only be detected 
in ram - water Nitroxygcn compounds are 
occasionally produced duimg thunder storms, 
and it IS said that the ram collected during 
a storm often contains notable quantities of 
nitrous and nitric acids Boussingault found 
that a million parts of ram water contained 0 83 
parts of nitric acid Reichardt found in hail 
stones collected dunng a thunderstorm 0 626 
parts per million 

Accordmg to Barral each hectare at Pans 
receives annually from the rain about 63 6 kilos 
of combined nitric acid Bmeau found that 
1 litre of rain water at Lyons contained in 
winter 0 3 mgm nitnc acid , in spring 1 0 , in 
summer 2 0 mgm , and m autumn 1 0 mgm 
Bobierre found that a cubic metre of rain-water 
collected at Nantes in 1668 contamed on an 
average 7 86 grams in the upper part, and 
6 682 grams m the lower part, of the town (C R 
1864, 766) Angus Smith (Air and Bmn^ p 287 f 
obtained the following results from a large num 
ber of observations on rain-water. 
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Nitric aetd 
(pts. i>er juilllon) 

SdotUnd inland country places . • 0 806 

Ireland — Valentia • . 0 870 

England— sea coast country places . 0 871 

Scotland „ country places, west 0 372 

^ ft M east 0 4:76 

H ft *1 average 0 424 

Liverpool . • . 0 682 

England inland country places • 0 749 

London 1869 . 0 840 

England towns 0 863 

Manchester mean of 1869 and 1870 • 1 032 

Scotland towns (Glasgow excluded) 1 164 

Glasgow « • • 2 436 

The amount of nitric acid m the rain-water 
of towns 18 uniformly greater than in rain 
water collected in the country, from which we 
infer that much of the nitric acid in the air is 
due to the oxidation of ammonia derived from 
the decomposition of nitrogenous organic matter 

The ammonuL in the air exists partly as 
carbonate, partly as nitrate and nitrite , ammo 
nia itself being converted into nitrous and nituo 
acids and water by ozone Scheele observed that 
a bottle contammg hydrochloric acid became 
coated near the stopper with a him of sal ammo- 
niac on exposure to the air A piece of pipe 
clay heated to redness and exposed to the air 
for a few days yields a perceptible amount of 
ammoma when reheated this is not the case if 
the clay is kept m a stoppered bottle 

The quantity of ammonia contained in the 
air IS extremely variable the results on record 
differ from 136 to 0 1 of ammonia (calculated 
as carbonate) in 1,000,000 parts of air Fresenius 
found that a milhon parts by weight of air con 
tamed during the day 0 098 parts of ammonia, 
and during the night 0 169 paits According to 
H T Brown the amount ordinarily present is 
much larger than this a million parts of country 
air at a height of 2 metres from the ground 
contained from 61 to 6 08 parts , the same 
amount of town air contained from 4 06 to 8 73 
parts of ammonium carbonate {Pr 18, 286) 
Direction of wmd appears to have no influence 
on the amount The quantity decreases after 
heavy ram but is restored to the normal amount 
(about 6 pts in 1,000,000) in a few hours 
Truchot (C B 77, 1169) found from 0 93 to 
2 79 mgm per cubic metre in the air of Auvergne, 
the highest results being obtained on misty days 
and the lowest on clear days From observe 
tions made on the Puy de D6me, Truchot con- 
cludes that the quantity increases with the 
elevation and is greater in cloudy than in clear 
air On the other hand, Muntz and Aubin 
(O B 96, 788), from observations made on ram 
water, And that the upper strata of the air 
contain much less ammonia than air near the 
surface of the earth Nitnc acid also was 
entirely absent from ram water collected at an 
elevation of 2877 m Lewy (0 B 91, 94) finds 
that the air in summer contains mvanably larger 
quantities of ammoma (2 8 mgm NH, in 1000 
can ) than in winter (1 7 mgm m 1000 cm) 

0^6 proportion ot ammonia contained in 
ram water is as might be expected subject to 
equally wide vanations, Lawes and Gilbert 
found that 1,000,000 pts of ram water collected 


in the country oontamed from 0 927 to 1 142 
pts of ammonia. Water collected in towns 
always contains much larger amounts than that 
collected in the country Barral found that 
1,000,000 parts of Pans ram water contained 
8 49 pts of ammoma. Angus Smith obtained 
1 07 pts of ammoma in the ram water of inland 
country places m England, whereas the water 
collected in the inland country places and more 
sparsely populated districts of Scotland con- 
tained only 0 63 pts of ammonia per million 
The ram water of London contained 8 46 , that 
of Liverpool 5 38 , that of Manchester 6 47, and 
that of Glasgow 9 10 parts pei million The larger 
proportion m the cities is due to the influence 
of animal hfe and to the constant presence of 
azotised organic matter in the air of thickly 
populated districts Dews and fogs and snow 
always contain larger quantities of ammonia 
than ram water (For references, see Angus 
Smith, Air and Bam ) 

In addition to these substances^ oxygen, 
nitrogen, carbon dioxide, ozone, water vapour, 
ammonia, and nitrous and nitric acids — which 
are the essential and necessary constituents of 
atmospheric air, it frequently contains a variety 
of accidental substances such as common salt, 
alkaline sulphates, and organic matter dead and 
hving, derived from the proximity of the sea 
and of marshy districts, or to the influences of 
towns Moscati neaily 80 years ago observed that 
the dew condensed on bottles filled with ice and 
suspended over the nee fields of Tuscany, when 
collected quickly became putrescent and de- 
posited flakes of a body containing nitrogen, 
and similar appearances were noticed byBigaud 
de Lisle in 1812 in the dew collected in the 
marshes of Languedoc The water deposited 
flakes of mtrogen ised organic matter and gave with 
silver nitrate a precipitate which became imme- 
diately purple (Compaie A H Smee, Pr 20, 442 ) 
Vogel also observed that the moisture condensed 
on cold surfaces m inhabited rooms quickly 
became putrid owing to the presence of organic 
matter resembling albumin Angus Smith found 
that the moisture condensed from breath after 
standing for some time formed a thick glutinous 
mass, which seen under the microscope to 
be a closely matted confervoid growth Between 
the stalks of the confervas a number of greenish 
globules were to be seen m a state of constant 
movement , also various species of volvox accom 
anied by monads many times smaller As far 
ack as 1722, Loewenhoeck {Opera omnia, vol 
1 1722) showed that ram water, even when 
recently collected, contained infusoria derived 
apparently from the air Similar observations 
were made by Ehrenberg and Gaultier de Claubry 
(C B 41, 646) The first attempt to throw 
light upon the question of the relative distribu- 
tion of the organisms present in air was made by 
Pasteur, by subjecting certain putresoible solu 
tions to the action of the air obtained fiom 
various locahties 

Tyndall {Lea Mtcrohea, Pans, 1882) has 
shown that the micro organisms contained in 
air are rapidly deposited in the absence of any 
strong aenal currents Upon this fact Hesse 
(MtUheilungm aus dem icaiserlxchen Oesund^ 
heUaamte Berlin, 1884) has based a method 
for quantitatively estimating the relative p>it>- 
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portion of ndero organisms m air The method 
eonsists in aspirating air through wide-mouthed 
glass tubes, coated internally with gelatine- 
peptone, prepared according to Koch’s method, 
which IS afterwards kept at a temperature of 
20°-26° for a few days, when the organisms 
which have been arrested — consisting of the 
various monads, bacilli, and micrococci, capable 
of development and growth in the nutrient 
gelatine — are recognised by the colonies to 
which they give rise By means of this method 
Dr Percy F Frankland has made a number of 
estimations of the micro organisms contained 
in the air of towns, and in the country, and in 
inhabited buildings By simultaneously ex- 
posing small circular glass dishes partially 
filled with the nutrient gelatine to the action 
of the air, a rough estimate was obtained not 
only of the number of micro organisms in a 
given volume of the air, but also of the number 
which fell during a given time on a definite 
horizontal area As the mean of a series of 
observations made on the roof of the South Ken 
Bington Museum between Jan and June 1886, 
it was found that there were 36 organisms in 
10 litres of air, whilst 279 was the average 
number which fell in 1 sq ft in 1 minute 
Similar experiments made near Reigate and in 
the vicinity of Norwich showed an average of 
14 organisms in 10 litres of air, whilst 79 fell 
per sq ft per minute Experiments made in 
Kensington Gardens, Hyde Park, and on Primrose 
Hill, gave an average of 24 organisms in 10 
litres, and a deposition of 85 per sq ft per 
minute At St Paul’s Cathedral, 66 organisms 
were found at the base 29 in the Stone Gallery, 
and 11 in the Golden Gallery, in 10 litres of air 
At Norwich Cathedral 18 at the base, 9 at a 
height of 180 ft , and 7 at 800 ft In inhabited 
buildings great variations were observed , as a 
rule the number of micro organisms was less 
than that found in the open air when the air of 
the room was undisturbed, but rose rapidly when 
tlie air was set in motion by draughts or by the 
presence of many people (P F Frankland, Pr 
40, 609) 

Angus Smith has sought to base a system of 
chemical climatology on the examination of ram 
water collected under different conditions and at 
various places Ram falling through the air 
over the sea always contains common salt and 
sulphates, the latter m larger proportion to the 
chlorides than is found m sea water The sul- 
phates increase inland they seem to be a 
measure of the products of decomposition, the 
sulphuretted hydrogen which is evolved m the 
putrefaction of certain organic compounds being 
oxidised in the atmosphere In large towns, the 
amount of the sulphates is greatly increased 
owing to the combustion of coal containing iron 
pyrites Indeed the ram water of large towns is 
frequently acid from the presence of free sul 
phuno acid When ram contains 40 parts per 
milhon of free acid, vegetation is rapidly affected 
The followmg analyses by Angus Smith will 
serve to show the general character of the rain- 
water fand therefore of the impunty of the 
atmosphere) m various parts of Great Britain 
The results, which are the mean of many ex* 
poriraents, are expressed in parts per million of 
ram water 


I ii iiL ir ' V Yiu 

Sea Air | 

Scotland 13 S8 8 61 0 0*74 0*106 ^24 *018 

England notdet. 6 88 0 lOOnotdet. 871 notdet. 

Inland 
entry air 

Scotland 8 87 2 06 0 0 88 *04 308 *264 

England 8 89 6 22 0 1 07 100 *740 ^66 

Towns 0 

Loudon 126 20*49 3 87 8 46 •SOS *840 aotdet. 

Liverpl 1016 39 69 1166 6 38 169 683 8 896 

Mnohatr 6 83 44 82 10 17 6 47 *281 1*032 4401 

Glasgow 8 97 70 19 15 13 9 10 800 S 486 10H)40 

I Amonnt of hydroohlorlo aold (ohloridas). 


II 


Bulphurlo acid (sulphates) 

III 


acidity (free sulphurio aold) 

IV 


ammonia 

V 

M 

albuminoid ammonia, deooxnpoaltion 
of organio matter 

VI 

W 

nitrio acid 

VIL 


weight of oxygen required to oxidise 


organic matter (measure of organio 
matter and nitrites) 


Although the atmosphere is subject to con 
tinual change from a multitude of causes, such 
as the respiration of animals and plants, the 
combustion of organic matter, various processes 
m the arts &o , still from its immense mass and 
uninterrupted motion such changes have only 
the very slightest effect on its composition Let 
us very briefly consider the chief circumstances 
which tend to mfluence the proportion of its 
components 

Nitrogen is undoubtedly a primitive sub- 
stance no other body occurs m such large 
quantities as an element This gas is probably 
the source of all nitrogenous bodies, m the for 
mation of which it is continually abstracted from 
the air A portion only of the nitrogen so 
abstracted finds its way back to the air as such 
the most considerable compensating influence 
known to us is the nitrogen evolved by volcanoes 

By the respiration of animals and the oxi 
dation of the spent portions of their tissue, by 
the respiration of plants at night time, and by 
the combustion of fuel, large quantities of car- 
bonic acid are being continually added to the 
atmosphere Enormous quantities also are 
evolved from volcanoes and other subterranean 
sources Poggendorff has indeed calculated that 
the amount so added is at least ten times as 
much as is derived from all other sources put 
together Taking the weight of carbonic acid 
in the air as 06 per cent , it can be calculated 
from the area of the terrestrial oblate spheroid 
that the weight of the carbonic acid m the 
atmosphere is about 3,223,000 x 10 kilos (Le 
Conte, PM [5] 15, 46, v alco E H Cook, 
P M [6] 14, 387) At least 50,000 million 
kilos of carbonic acid are daily added to the 
air The mam compensating mfluence is of 
course the action of growing plants m sunshine , 
carbon dioxide is also removed directly and 
indirectly by zoophytes and by certam chemical 
actions such as the conversion of felspar into 
kaolin, &o Sterry Hunt (‘ Chemical and Geo- 
logical Relations of the Atmosphere,’ Am S 
1880) has calculated that a weight of oarbonio 
acid equal to more than twentv-one times that 
of our present atmosphere would be absorbed in 
the production from orthoclase of a layer of 
kaolin extending over the earth’s surface with a 
thickness of 500 metres, an amount repreaantuig 
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but a small proportion of the results of fel 
spathic decay m the sedimentary strata of the 
globe 

Dumas and BoussingauU, m their well known 
memoir on the Compositwn of the Air (A Ch 
[3] 8) made some interesting calculations on 
the duration of the supply of atmospheric oxy- 
gen They found that, taking all the known 
sources of diminution, and assuming that the 
oxygen disengaged by plants compensates only 
for the causes of diminution at present unknown, 
then even in this exaggerated case three times 
the amount of oxygen thus abstracted would 
only amount in 100 years to about of the 
total quantity, an amount barely appreciable by 
our most exact eudiometric methods — T E T 

ATOMIC AND MOLECXJLAB WEIGHTS — 
Two theories regarding the ultimate constitution 
of matter have opposed each other from the 
beginnings of philosophy , one asserts that any 
mass of apparently homogeneous matter is 
really homogeneous , the otner affirms that 
every portion of matter of sensible size is built 
up of avast number of small particles which are 
not themselves capable of further sub division 
The earliest exponent of the second theory of 
whom we possess any definite record was the Greek 
philosopher Democritus, who flourished about450 
B c The doctrines of Democritus were developed 
by Epicurus, and the teachings of the Epicurean 
philosophy are preserved m the Latin poem of 
Lucretius (b c 99-66) These early atomists 
tried to assign to the atoms, of which they said 
matter is composed, only such properties as 
should suffice for their presentation in time and 
space They taught that nothing exists save 
atoms and empty space , that the atoms or ‘ first 
beginnings,’ are of many different forms, and 
different weights, and the number of atoms of 
each form is infinite , that all change is only 
combination or separation of atoms , and that 
the atoms are in constant motion To meet 
the objection that if a mass of matter is at rest 
the parts of it cannot be in motion, Lucretius 
uses the illustration of a flock of grazing sheep 
with skipping lambs , to one looking from a 
distance the flock appears as a white motionless 
patch on the green hillside, but a closer view 
shows that the parts of the flock are continually 
changing then positions Every atom. Lucre 
tius asserts, is indestructible, and its motion is 
indestructible likewise, if this were not so how 
could wo account for the preservation of fixed 
types in nature ? Koses always bear roses, and 
each animal reproduces its like, because the ‘first 
beginnings ’ (or atoms) of which each is composed 
are the same and aje never destroyed or worn 
out ‘ First-beginnings are of solid smgleness, and 
in no other way can they have been preserved 
through ages during infinite time past in order 
to reproduce things ’ * Here we see how clearly 
the early atomists recognised that every event in 
nature occurs in accordance with strict laws 
Nothing happens by chance, was a fundamental 
doctrine of these philosophers * I teach 
by what law all thmgs are made, what 
necessity there is then for them to continue in 
that law, and how impotent they are to annul 

* Luoretius, Dt Rerum NaturUf I 848-fi60 (Monro i 
%nu*ilUion> 


the binding statutes of time ’ ' The way to 
gam a knowledge of the laws of nature, Lucretius 
teaches, is to examine natural events (See for 
instance the analysis of the effects of the 
thunderbolt in Book vi 323-398 ) The differences 
between a hard body such as iron, and a soft 
body such as air, depend, according to Lucretius 
on the motions of the atoms of the two bodies j 
m the hard body the atoms move to and fro 
within very small distances, in the soft body 
they move freely and rebound from each other 
only at comparatively long intervals * Bodies 
are partly first beginnings of things, partly 
those which are formed by a union of first 
beginnings ’ ^ The latter are produced by the 
atoms grouping themselves i7i coiicilw , this term 
seems to mean something very like our expres 
Sion in combination The properties of the body 
formed by the grouping together of atoms need 
not resemble the properties of the atoms them 
selves (see, for instance, Book I 915-920) Not 
only must the atoms enter into concilium with 
each other in order that any kind of matter may 
be produced, but the properties of the matter 
thus formed depend on the mutual relations of 
the atoms , ‘ it matters much with what others 
and in what positions the same first beginnings 
of things are held m union, and what motions 
they do mutually impart and receive ’’ 

Although this theory was so nearly complete, 
yet, as taught by Lucretius, it had few of what we 
now regard as the essential features of a good 
scientific theory, it was not stated in terms 
which permitted of numerical applications to 
actual phenomena Few or no exact applica 
tions of the theory could be made to natural 
phenomena It was scarcely able to predict 
events in nature except in a wide and loose way 
It savoured too much of a dogma It was rather 
a speculation as to what might be the cause of 
natural occurrences, than an attempt to deter- 
mine what these causes really were 

The teachings of the Epicurean philosopheis 
were opposed by those of the school of Aristotle 
The Aristotelians magnified the names of things 
and made them as real or even more real than 
the things themselves , they identified ‘ modes 
of predication with modes of existence ’ (Lange) 
Matter occupied a foremost position in the 
Epicurean scheme of the universe, but by the 
followers of Aristotle it was regarded only as the 
‘potentiality of becoming anything or everything ’ 
Aristotehanism prevailed in the middle ages and 
atomism fell more and more into disrepute 
But in 1692, Gassendi, Canon and Provost at 
Digne m Provence, revived the atomic theory of 
the Greek philosophers, and attempted to found 
on it an interpretation of natural events The 
influence of Gassendi was continued through 
Newton and Boyle , the former of whom, as we 
know, demonstrated that not only do masses of 
matter attract each other, but that every par 
tide of each mass attracts every particle of the 
other mass with a force varying directly as the 
masses of the particles and inversely as the 
square of the distance between the particles As 
Newton accepted the atomic conception of the 
structure of matter, his demonstration of the 
action of the force of gravitation gave a new 

• Id. T 65-58 • Id I 483-4. • Id IL 1007-8 
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point of departure tor the theory of atoms From 
this time a scienoe of atomic physios became 
possible But the difficulty was, and still is, to 
form a clear mental picture of the mechanism 
of the action of the force of gravitation in terms 
of the atomic conception of matter Newton 
gave the mathematical construction, and clearly 
separated this from the physical explanation 
which belonged to the region of conjecture 

Not much was done, ^ter Newton, to advance 
the apphcation of the atomic theory until the 
early years of the present century, when Dalton 
made a senous attempt to determme the condi- 
tions under which the atoms of elementary bodies 
unite to form the atoms of compound bodies 
The great advance made by Dalton consisted 
m his asserting the possibility of finding the rela 
tive weights of the atoms of all kinds of matter, 
and m his demonstration of the method thereby 
these relative weights could be determined 

Many analyses of chemical compounds had 
been made before the time of Dalton, the 
results were usually stated in percentages, and 
they seemed to have but few mutual relations 
Kichter (1791-1802) had shown that a definite 
mass of each acid combines with a specified 
Tna>-s of a given base , he had arranged several 
a^ids and bases in order of neutralisation 
Fischer, m 1803, published a table of chemical 
equivalents which expressed the quantities of 
bases which were of equal value as regarded 
power of neutralising a constant quantity of a 
specified acid Lavoisier, Cavendish, and others, 
had to some extent grasped the conception of 
the elements combining in definite proportions 
They had never doubted that every chemical 
substance was of definite composition, and that 
It would be possible by careful analyses of many 
compounds to find the laws of elementary combi 
nations Pi oust had analysed several pairs of 
oxides of the same metal, from some of his 
numbers the law of combining weights might 
have been deduced, had he stated his results so 
as to show the quantities of oxygen in combina 
tion with a fixed quantity of metal 

Dalton analysed two compounds of carbon and 
hydrogen, and found that in one there was twice 
as much hydrogen as in the other combined with 
the same quantity of carbon He found similar 
regularities in the quantities of oxygen which 
combined with a specified quantity of carbon, in 
the quantities of oxygen which combined with 
a specified quantity of nitrogen, &c Meanwhile 
he had been thinking much regarding the 
ultimate particles of bodies , he had pictured to 
hmiself a quantity of gaseous matter as re- 
sembling a heap of small shot, as built up of httle 
definite parts or atoms He saw how the facts 
of chemical combination he had been studying 
would help him to find the relative weights of 
these smtdl particles Dalton’s genius recog 
nised the unity which bound together so many 
diverse physical and chemical facts He at once 
stated clearly the quantitative laws of chemical 
combmation and referred these laws to one un 
derlying conception, the conception namely of 
the atom ‘In all chemical investigations it 
has justly been considered an important object 
to asceitain the relative weights of the simples 
which constitute a compound But unfortu- 
nately the inquiry has terminated here , whereae 
yoh, L 
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from the relative weights in the mass, the relative 
weights of the ultimate particles or atoms of the 
bodies might have been inferred, from which 
their number and weights in various other com 
pounds would appear, in order to assist and 
to guide future mvestigation, and to correct 
their results Now it is one great object of this 
work to show the importance and advantage of 
ascertaming the relative weights of the ultimate 
particles both of simple and compound bodies, 
the number of simple elementary particles which 
constitute one compound particle, and the num 
her of less compound particles which enter into 
the formation of one more compound particle ’ ' 

That he might determme the relative weight 
of the * ultimate particle ’ of an element it was 
necessary for Dalton to have some means of 
fixing the number of particles of that element m 
one * ultimate particle ’ of several of its com 
pounds Thus, masses of hydrogen and oxygen 
combine in the ratio of 1 to 8 , now, if we assume 
that the ultimate particle, or atom, of water is 
9 times heavier than the atom of hydrogen, the 
most probable conclusion is that one atom of 
water is foimed by the union of one atom of 
hydrogen, the mass of which is taken as unity, 
with one atom of oxygen, the mass of which is 
8 times that of the hydrogen atom, but if wo 
choose to assume that the atom of water is 16 
times heavier than that of hydrogen, then the 
experimental results — 1 of hydrogen combmes 
with 8 of oxygen, by weight— are most readily 
interpreted by saying that one atom of water is 
formed by the union of 2 atoms of hydrogen, 
weighing 2, with one atom of oxygen, weighing 
16 We cannot then determine how many times 
the atom of oxygen is heavier than that of hy 
drogen unless we have previously determined 
how many times the atom of the compound 
formed by the union of hydrogen and oxygen, 
that IS the atom of water, is heavier than the 
atom of hydrogen 

Dalton framed certain empirical rules re 
gardmg the composition of the atoms of com 
pounds formed by the union of two elements 
His principal rules were these ‘ If there are two 
bodies, A and B, which are disposed to combine, 
the following is the order in which combmation 
may take place, begmnmg with the most simple, 
namely 

1 atom of A+1 atom of Bel atom of 0, binary , 

1 atom of A + 2 atoms of B = 1 „ D ternary , 

2 atoms of A + 1 atom of B = 1 ^ B, ternary , 

1 atom of A + 3 atoms of B»1 „ P quaternary, 

3 atoms of A + 1 atom of B=1 „ O, quaternary 

Ao Ao 

‘1st When only one combination of two 
bodies [elements] can be obtained, it must be 
presumed to be a binary one, unless some cause 
appears to the contrary 

‘ 2nd When two combinations are observed 
they must be presumed to be a binary and a 
ternary 

‘ 3rd When three combinations are obtained, 
we may expect one to be a binary, and the other 
two ternary 

‘ 4th four combinations are observed, 

we should expect one binary, two ternary, and 
one quate'^nary, <fec Ac * 

* From the application of these rules to the 

* Dalton, A Nnc Syelrm qf Chemical fhihccphu (lS0e> 
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chemical facts already well ascertained, we 
deduce the following conclusions Ist That 
water is a binary compound of hydrogen and 
oxygen, and the relative weights of the two ele- 
mentary atoms are as 1 7 nearly [more correctly 
i 8] 2nd That ammonia is a binary com 
pound of hydrogen and azote, and that the 
relative weights of the two atoms are as 1 5 
nearly [more correctly 1 4 66] In all 

those cases the weights are expressed in atoms of 
hydrogen, each of which is denoted by unity ” 
But e\en if these rules were admitted, it was not 
always possible to fix the relative weight of an 
elementary atom , thus, two compounds of carbon 
and oxygen were known to Dalton, containing, 
according to his analyses, 2 7 parts by weight of 
carbon combined with (i) 7 and (ii) 3 5 parts by 
weight of oxygen , hence, by rule 2, the first of 
these is a compound of one atom carbon with 
one atom oxygen, and hence the atomic weight 
of carbon is 2 7, and the second is a compound 
of 2 atoms carbon ( •=» 5 4) with 1 atom oxygen 
( = 35x2) But the results of analyses might 
also be stated thus (i) 5 4 carbon + 14 oxygen, 
(iij 6 4 carbon + 7 oxygen , and the conclusion 
might be drawn that the first is a compound of 
1 atom carbon (5 4) with 2 atoms oxygen (7 x 2), 
and the second is a compound of 1 atom carbon 
(6 4) with one atom oxygen (7) Both ways of 
stating the results of experiments would be m 
keeping with Dalton’s rules, but the first would 
lead to the number 2 7, and the second to the 
number 5 4, as representing the relative weight 
of the atom of carbon Another objection to the 
Daltonian rules of atomic syntheses was that, 
although to-day we may know of but one com 
pound of two specified elements, to morrow we 
may know of several compounds of these elements 

Berzelius continued the work which Dalton 
had begun , his aim was to discover the laws of 
atomic combmations Why does a specified 
element by combining with oxygen produce only 
two or perhaps three different oxides ? Why do 
not the elementary atoms combine in a great 
many different ratios ? What are the limiting 
forms of the compound atoms produced by the 
union of any specified elementary atoms ? 
Berzelius busied himself with such questions 
as these And that he might find some solu 
tions to such questions, Berzelius was obliged 
to flame empirical rules, as Dalton had done 
before him 

The following may be taken as an example 
of the Berzelian rules If an element forms 
two oxides with twice as much oxygen by 
weight in one as in the other, relatively to a 
fxed mass of the element, the atom of that 
compound which contains the smaller mass of 
oxygen is to be regarded as composed of one 
atom of oxygen and one atom of the specified 
element, and the atom of the other compound 
is to be regarded as composed of two atoms of 
oxygen and one atom of the specified element , 
but if the masses of oxygen m the two oxides 
are m the ratio 2 3 relatively to a specified 
mass the other element, then the atom of 
the compound with less oxygen is to be regarded, 
as before, as composed of one atom of oxygen 
and one atom of the specified element, but the 


atom of the compound with more oxygen Is to 
be regarded as composed of three atoms of 
oxygen and two atoms of the other element 

But such rules were only empirical, and, 
however satisfactory might be the particular 
results obtained by their application, it was 
imposnble to rest contented until some general 
principle had been attained which should admit 
of universal application In the course of his 
inquiries regarding the syntheses of atoms, 
Berzelius performed a vast number of very 
careful analyses, the results of which firmly 
established the quantitative laws of chemical 
combination These laws {v Combination, 
Chemical, Laws of) assert — (1) that the masses 
of the constituents of every homogeneous kind 
of matter stand in an unalterable proportion to 
one another, and also to the mass of the com 
pound they produce — the^mass of the compound 
being always equal to the sum of the masses of 
the constituents , (2) that when two elements 
combine to foim more than one compound, the 
masses of one of the elements which combme 
with a constant mass of the other element bear 
a simple relation to each other , and (3) that 
the masses of different elements which combine 
with one and the same mass of another element 
are also the masses of these different elements 
which combine with each other, or they stand 
in a simple relation to those masses These 
laws may all be expressed in the statement that 
the elements combine only in the ratios of their 
combining weights or, in simple multiples of 
these ratios By the combining weight of an 
element is here meant the smallest mass of that 
element which is found to combine with one 
part by weight of hydrogen or with 8 parts by 
I weight of oxygen 

As Berzelius was pursuing his investigations 
into the gravimetric composition of compounds. 
Gay Lussac was making expenments on the \olu 
metric composition of gaseous compounds In 
1809 this naturalist was able to prove (1) that 
the volumes of the gaseous elements which com 
bine to form a gaseous compound stand in an 
unalterable proportion to each other , (2) that 
when two gaseous elements combine to form 
more than one gaseous compound, the volumes 
of one of the elements which combine with a 
constant volume of the other element bear a 
simple relation to each other , and (3) that the 
volumes of different gaseous elements which 
combine with one and the same volume of 
another gaseous element are also the volumes 
of these different elements which combine with 
each other, or they stand in a simple relation to 
those volumes These laws may all be expressed 
by saying that the gaseous elements combine 
only in the ratios of their combming volumes, 
or in simple multiples of these ratios By the 
combining volume of a gaseous element is here 
meant the smallest volume of that element 
which IS found to combine with one unit volume 
of hydrogen, and a unit volume of hydrogen is 
defined to be the volume, at normal tempera- 
ture and pressure, occupied by one unit mass of 
this element 

Gay Lussac argued that the ratios of the 
masses of the oombimng volumes of gaseous 
elements are also the ratios of the masses of the 
atoms of these elements , and the conclusion 


* JDalton, lx. 
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was drawn that equal Tolumes of gaseous bodies, 
measured at the same temperature and pressure, 
contain equal numbers of atoms This con 
elusion, if admitted, seems to put mto our hands 
a means for finding the relative masses of the 
atoms of many compounds and hence of many 
elements But the application leads to unlooked 
for results Consider the case of hydrogen and 
oxygen experiment shows that two volumes of 
hydrogen— weighing two — combine with one 
volume of oxygen— weighmg 16— and pro 
duce two volumes of water gas — weighing 18 , 
hence, if equal volumes of gases contain equal 
numbers of atoms, two atoms of hydrogen— 
weighmg two— combine with one atom of 
oxygen — weighing 16— and the product is two 
atoms of water gas — each weighing 9 But 
each of these atoms of water gas contams atoms 
of hydrogen and oxygen , now, the atom of 
oxygen has been shown to weigh 16 times 
as much as the atom of hydrogen , hence the 
atom of water gas contains half an atom of 
oxygen Again, consider the case of hydrogen 
and chlorine experiment shows that one volume 
of hydrogen — weighing one — combines with one 
volume of chlorme — weighing 35 5 — and that 
the product is two volumes of hydrochloric acid 
weighing 36 6 , hence, if equal volumes of gases 
contain equal numbers of atoms, one atom of 
hydrogen has combined with one atom of 
chlorine to produce two atoms of hydrochloric 
acid But as each atom of hydrochloric acid 
IS composed of both hydrogen and chlorine, it 
follows that each atom of hydrochloric acid is 
formed by the union of half an atom of 
hydrogen and half an atom of chlorine But 
these conclusions are at variance with the funda 
mental definition of the atom, which states 
that the atom is the smallest mass of a body 
that can exhibit the properties of that body 
The discovery that gaseous elements com 
bine IP fixed quantities by volume had done 
something to advance the study of atomic 
synthesis, but it had not removed the funda 
mental difficulty, the difficulty, namely, of find 
ing some generally applicable principle by means 
of which the relative weights of the ultimate 
particles, or atoms, of compounds might be 
determined This difficulty was overcome by 
Avogadro In 1811 this Italian naturalist intro 
duced mto chemistry the conception of two 
orders of small particles — the molecule^ and 
the atom The molecule of an element or a 
compound, said Avogadro, is the smallest mass 
of it which exhibits the properties of that ele 
ment or compound , the molecule of an element 
or a compound is formed by the union of smaller 
particles of matter which we shall call atoms, 
in the case of the molecule of an element the 
atoms are all of one kind, in the case of the 
molecule of a compound the atoms are of two, 
or more than two, different kinds As the 
properties of the molecule of a compound are 
very different from the properties of the atoms 
which compose it, so it is probable that the 
properties of the molecule of an element are 
different from the properties of the atoms by 
the umon of which the molecule is produced 
A chemical action between two gases was con- 
ceived by Avogadro as being separable, in | 
thought if not in actuality, into two stages , in j 


I the first stage the molecules of the reacting 
I gases are shattered, and in the second stage the 
i parts of these molecules, that is the atoms, are 
I rearranged to form the molecules of the new 
bodies 

I Avogadro modified the generaUsation made 
by Gay Lussac, and re stated it thus — ‘ Equal 
volumes of gases ^ temperature (md pressure betng 
the samCy contain equal numbers of molecules * 
The reactions between hydrogen and oxygen, 
and hydrogen and chlorine, which could not be 
explained by the generahsation of Gay Lussac, 
are perfectly consistent with the generalisation 
of Avogadro Two volumes of hydrogen com 
bine with one volume of oxygen, and the pro* 
duct is two volumes of water gas , that is, in 
terms of Avogadro’s statement, ‘Ip molecules of 
hydrogen, each composed of x atoms, combine 
with p molecules of oxygen, each composed of 
x' atoms (x may or may not equeil x'}, and the 
product is 2p molecules of water gas One 
volume of hydrogen combines with one volume 
of chlorine to form two volumes of hydrochloric 
acid , that is, in terms of Avogadro’s statement, 
p molecules of hydrogen, containing x atoms, 
combine with p molecules of chlorme, contam- 
ing x' atoms {x may or may not equal a;'), to 
form 2p molecules of hydrochloric acid 

Not only are these, and other, reactions, be- 
tween gases explicable in terms of the generali 
sation of the Italian naturalist, but this state 
ment gives us a means of determining the rela 
tive masses of the molecules of all gaseous 
bodies, and also of determining the minimum 
number of atoms m each of these molecules 
That is to say, the generalisation of Avogadro 
gives us what we could not obtain from the 
rules of Dalton or Berzelius, or from the generali 
sation of Gay Lussac For it is evident that, if 
the number of molecules in equal volumes of 
two gases is the same, the masses of the two 
kinds of molecules must be in the same ratio as 
the densities of the two gases , and hence, if 
the density of one of the gases be taken as unity, 
the density of the other, in terms of this one, 
expresses the relative mass of a molecule of 
this other gas Let the two gases be hydrogen 
and oxygen, experiment shows that a given 
volume of oxygen is sixteen times heavier than 
the same volume of hydrogen , hence, if equal 
volumes contain equal numbers of molecules, a 
molecule of oivgen is sixteen times heavier than 
a molecule of hydrogen Let us call the mass 
of a molecule of hydrogen one, then, m order to 
find how many times greater than the mass of 
this molecule is the mass of the molecule of any 
gas, we have only to determine the density of 
the specified gas in terms of hydrogen as unity , 
the number expressing the density of the gas 
expresses also the relative mass of the molecule 
of the gas But, further, the generalisation of 
Avogadro puts into our hands a means whereby 
the minimum number of atoms in a gaseous 
molecule may be determined, and hence a means 
whereby the maximum relative values to be 
assigned to the masses of atoms may be deter- 
mined CJonsider the mutual action of hydrogen 
and chlorme, hydrogen and brmnme, nitrogen 
and hydrogen, and oxygen and hydrogen. 
Bhiving regard only to the volames the re- 
acting gaseous elements and the yolomes of the 
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4^)6008 compounds produced, the actions m ques 
lion may be stated thus — 

(i) One volume of hydrogen combines with 
one volume of chlorine to produce two volumes 
of hydrochloric acid , (ii ) One volume of hydro 
gen combines with one volume of bromine gas 
to produce two volumes of hydrobromic acid, 
(ill ) one volume of nitrogen combines with three 
volumes of hydrogen to produce two volumes of 
ammonia , (iv ) one volume of oxygen combines 
with two volumes of hydiogen to produce two 
volumes of water gas 

Now, as equal volumes contain equal num 
bers of molecules, these statements may be put 
as follows — • 

(i ) p molecules of hydrogen combine with 
p molecules of chlorine, and the product is 2p 
molecules of hydrochloric acid , (ii ) molecules 
of hydrogen combine withp molecules of bromine 
gas, and the product is 2p molecules of hydro 
bromic acid , (iii ) p molecules of nitrogen com 
bine with dp molecules of hydrogen, and the 
product is 2p molecules of ammonia , (iv ) 
p molecules of oxygen combine with 2p molecules 
ot hydrogen, and the product is 2p molecules of 
water gas 

Therefore in (i ) one molecule of hydrogen 
has produced, by union with chlorine, two mole 
cules of hydrochloric acid, both of which are 
composed of hydrogen and chlorine , in (ii ) one 
molecule of hydrogen has produced, by union 
with bromine, two molecules of hydiobromic 
acid, both of which are composed of hydrogen 
and bromine , in (iii ) one molecule of nitrogen 
lias produced, by umon with hydrogen, two 
molecules of ammonia, both of which are com 
posed of nitrogen and hydrogen , and in (iv ) 
one molecule of oxygen has pioduced, by union 
with hydrogen, two molecules of water gas, both 
of which are composed of oxygen and hydrogen 
In other words, in reactions (i ) and (ii ) every 
molecule of hydrogen has separated into at least 
two parts , in reaction (in ) every molecule of 
nitrogen has separated into at least two parts , 
and in reaction (iv ) every molecule of oxygen 
has separated into at least two parts 

These parts of molecules are called atoms 

If we assume the truth of Avogadro’s 
generalisation, then the foregoing reactions are 
most simply interpreted by saymg that the mole 
cules of hydrogen, nitrogen, and oxygen, are 
each built up or composed of two atoms As 
hydrogen is the standard element to which the 
atomic and molecular weights of all other bodies 
are referred, we say that the atomic weight of 
hydrogen ts one, and, because of such reactions 
as those just stated, that the molecular weight of 
hydiogen is two But if the molecular weight 
of hydrogen is two, the molecular weight of 
oxygen must be 32, the molecular weight of nitro 
gen must be 28, the molecular weight of hydro 
chlonc acid must be 36 5, the molecular weight 
of hydrobromic acid must be 81, the molecular 
weight of ammoma must be 84, and the mole- 
cular weight of water gas must be 18 , because 
oxygen is 16 times heavier than an equal volume 
of hydrogen, nitrogen is 14 times, hydrochlono 
acid IS 18 25 times, hydrobromic acid is 40 5 
times, ammonia is 17 times, and water-gas is 9 
times, heavier than an equal volume of hydrogen 

By such reactions and such modes of reaeon . 


ing as these, we arrive at the following practical 
definition of the molecular weight of a gaseous 
element or compound — The molecular weight 
of a gaseous element or compound is a number 
which expresses how many times greater than 
two unit masses of hydrogen is the mass of the 
specified element or compound which occupies 
{under the same conditions of temperature and 
pressure) the same volume as is occupied by these 
two unit masses of hydrogen 

Determinations of the sp grave of gases are 
subject to several sources ot error But the 
values to be assigned to the combming weights 
of the elements, that is, the masses of the ele- 
ments which combine with one part by weight of 
hydrogen or 8 parts by weight of oxygen, can be 
determined with great accuracy Now, it is 
evident that the molecula^; weight of an element 
must be equal to the combining weight of this 
element oi to a simple multiple of this number, 
and that the molecular weight of a compound 
must be equal to the sum, or to a multiple of the 
sum, of the combming weights of its constituent 
elements , hence the data which are required 
for an accurate determination of the molecular 
weight of an element are (i ) an exact determma 
tion of the combining weight of the element, 
and (ii ) a measurement of the relative density 
of the element in the state of gas, similarly 
the data which are required for an accurate 
determination of the moleculai weight of a com- 
pound are (i ) exact determinations of the 
combining weights of the constituent elements, 
and (ii ) a measurement of the relative density 
of the compound in the state of gas Thus, 
35 37 parts by weight of chlorine combine with 
1 part by weight of hydrogen, therefore the 
molecular weight of chlorine is n35 37, but a 
given volume of chlorine is 36 5 times heavier 
than an equal volume of hydrogen, therefore 
the molecular weight of chlorine is approxi 
mately 35 5 x 2 = 71 , now, 2 x 35 37 = 70 74 , 
hence the molecular weight of gaseous chlorine 
18 70 74 Again, phosphorus hydride is com 
posed of masses of phosphorus and hydrogen 
united in the ratio 10 32 to 1, therefore the 
molecular weight of this compound is nil 32, 
but this compound in the state of gas is 17 tunes 
heavier than hydrogen, therefore its molecular 
weight 18 approximately equal to 17 x 2 = 34 , 
now, 8 X 11 32 = 33 96 , hence the molecular 
weight of gaseous phosphorus hydride is 33 96 
Having thus arrived, by the help of Avogadro’a 
generahsation, at a definition of molecular 
weight, and havmg determmed that the mole- 
cules of hydrogen, nitrogen, and oxygen, and of 
some other elements, are very probably composed 
each of two parts or atoms, we proceed to find 
an exact meaning for the term atom If the 
atom IS assumed to be the ultimate portion of 
any homogeneous kmd of matter of which 
cognisance is to be taken m chemistry, then it 
18 evident that a molecule of a compound gas, 
formed by the union of (say) three elements, 
A, B, and C, must be formed by the union of at 
least one atom of the element A, one atom of 
the element B, and one atom of the element C 
In general terms, no molecule of a compound 
gas can be formed by the combination of less 
than a single atom of each of the elements by 
the onion of which the compound in question la 
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produced This is equiyalent to saying, the 
atom of an element is the smallest mass of that 
element which combmes with other atoms to 
produce a molecule 

We cannot as yet determine the absolute 
mass of the atom of any element, but we have 
agreed to call the mass of an atom of hydrogen 
unity, and to represent the masses of the atoms 
of other elements in terms of the atom of 
hydrogen , hence we arrive at the practical 
definition of the maximum atomic weight of an 
element as follows — 

The maximum atomic weight of an element 
ts a number which expresses how many times 
greater is the smallest mass of that element which 
combines with other elements to form a compound 
gaseous molecule^ than the smallest mass of 
hydrogen which combines with other elements to 


14 435 tunes heavier than the same volume of 
hydrogen at the same temperature and prossure , 
therefore the relative density of any gas referred 
to air as unity multiphed by 14 486 x 2 ( » 28 87) 
gives the relative density of that gas referred to 
hydrogen as twice unity, that is, gives 
(approximately) the molecular weight of the 
gas Let it now be required to determine the 
atomic weight of oxygen , the defimtion of 
atomic weight tells that the molecular weights 
of several gaseous compounds containing oxygen 
must bo determined, that these compounds must 
be analysed and the results in each case stated 
in parts by weight of each element per molecule 
of the compound, and that the smallest mass of 
oxygen thus found in any molecule is to be taken 
as the atomic weight of oxygen Here are some 
of the data which have been ^us accumulated — 


Data for determining the atomic weight of Oxygen 


Qaaeous compound 

Bp Qr alr=:l 

Sp Gr X 28 87 U 
approximate 
molecular weight 

Molecular 

eight 

Anal 3 r 8 i 8 , stated in parts hj wt 
per molecule 

Carbon dioxide 

1 53 

44 2 

43 89 

31 92 

oxygen + 11 97 carbon 

Sulphur dioxide 

2 25 

64 9 

63 90 

31 92 

„ + 31 98 sulphur 

Sulphur tnoxide 

29 

83 7 

79 86 

47 88 

„ + 31 98 „ 


produce a compound gaseous molecule^ such 
smallest mass of hydrogen being taken as unity 
The term, and the conception underlying the 
term, molecule, are applied to compounds and 
elements alike, the term, and the conception 


Were these the only known gaseous compounds 
containing oxygen we should conclude that tho 
atomic weight of oxygen is 31 92, that of 
hydrogen being unity But the following numbers 
show that this conclusion is mcorrect — 


Data for determining the atomic weight of Oxygen 


Gaseous compound 

Sp Gr alr=l 

Sp Gr x28 87 , 
approximate 
molecular weight 

Molecular 

weight 

Analysis, stated in parts by wt. 
per molecule 

Carbon monoxide 

97 

27 97 

28 93 

15 96 

oxygen + 11 97 carbon 

Water 

63 

18 2 

17 96 

1 16 96 

„ +2 hydrogen 

Nitnc oxide 

104 

80 0 

29 97 

15 96 

„ + 14 01 mtrogen 


underlying the term, atom, are apphed m 
strictness to elements only 

The foregoing definitions of atomic weight 
and molecular weight are practical, because 
they indicate the nature of the data which must 
be obtained before the atomic or molecular 
weight of a gaseous body can be found Suppose 
it is required to find the molecular weight of 
oxygen , the mass of this element which com- 
bmes with unit mass of hydrogen must be 
accurately measured, and the relative density 
of oxygen gas must be determined, the standard 
of reference bemg hydrogen taken as twice 
unity Now, the relative densities of gases are 
detenxuned by experiments in terms of air 
taken as unity, but a specified volume of air is 


These numbers show that at least three 
compounds exist the gaseous molecule of each 
of which contains 15 96 parts by weight of 
oxygen, hence, as no molecule is known con- 
taining less than this mass of oxygen, 15 96 is 
taken as the atomic weight of oxygen Before, 
then, the atomic weight of an element can be 
determined with a fair degree of probability a 
number of gaseous compounds of the element 
must be analysed , if only a few gaseous corn*- 
pounds of a specified element are known it is 
probable that the value deduced, from analyses of 
these compounds, for the atomic weight of the 
element, is too large , it certainly cannot be too 
small Thus, let us consider the data for findmg 
the atomic weight of aluminium — 


Data for determining the atomic weight of Aluminium^ 


GhMSons compound 

Sp Gr airwl 

Sp Gr X28 87 U I 
approximate 
molecular weight 

Mo ecnlar 
weight 

Analysis, stated in parts wt. 
per molecule 

Aluminium chloride 

9 35 

270 0 

266 26 

54 04 aluminium + 212 22 chlorinn 

„ bromide 

18 6 

637 5 

532 54 

64 04 ,, + 478 6 bromine 

„ iodide 

27-0 

7800 1 

813 22 

54-04 „ + 759 18 iodine 
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Specific Heats of the Solid Elements * ** 


Eiemezit 

Spec 

heat 

Temp 

A-tomic 

weight 

Sp ht 
xat wt 

Ob 

server 

Element 

Spec 

heat 

Temp 

Atomic 

weight 

Sp ht 
xat wt. 

Ob- 

server 

Lithium 

941 


7 01 

66 

Hpr 

Selenion 






* Beryllium 

62 

460° to 500° 

9 1 

56 

He 

crystalline 

084: 


78 8 

67 

BW 

■ Boron 

? 6 

about 1000° 

10*9 

6 5 

\\b 

Bromine 






• Carbon 

463 

980° 

11 97 

56 

Wb 

solid 

0843 

-78° to -20® 

79 75 

67 

Rg 

Sodium 

293 

-34° to + 7° 

23 

67 

Rg 

* Zirconium 

0666 


900 

60 

MD 

Magnesium 

248 


24 

59 

Kp 

“ Molybde 







25 



6*0 

Rg 

num 

0722 


95 8 

69 

Rg 

Aluminium 

202 


27 02 

6 6 

Kp 

Rhodium 

058 


104 

60 

Rg 


214 



68 

Rg 

Ruthenium 

0011 


104 5 

6 4 

Bn 


226 



6 1 

Mt 

Pa ladium 

•0693 


106 2 

6 3 

Rg 

* Bllloon 

203 

232° 

28 

67 

Wb 

Silver 

056 


107 66 

60 

Kp 

Phospho- 







0559 



6*0 

Bn 

TUACrjfU 

174 

-78° to +10° 

30 96 

64 

Rg 


•067 



6 1 

Rg 

» It 

189 



59 

Rg 

Cadmium 

•0649 


112 

60 

Kp 


202 



6 2 

Kp 


0548 


,, 

6 1 

Bn 

, red 

170 



5 3 

Rg 


0567 


, 

6 3 

Hg 

BtUphur 

188 


31 98 

C 0 

D P 

Indium 

067 


IIS 4 

C 6 

Bn 

„ thombic 

163 



52 

Kp 

Tin 

0548 


117 8 

65 

Kp 

»» »» 

171 



85 

Bn 


0569 


H 

6 6 

Bn 

> „ 

178 



6 7 

Rg 


0562 


„ 

6 6 

Rg 

' Potassium 

166 

-78° to +10® 

39 04 

6 6 

Rg 


0514 


, 

60 

D P 

Calcium 

170 


39 9 

68 

Bn 

Antimony 

0623 


120 0 

6 2 

Kp 

Titanium 

1485 

0° to 80J® 

48 

7 1 

N P 


0495 



5 0 

Bn 

• Chromium 

10 


62 4 

5 2 

Kp 


0508 


,, 

60 

Rg 

’ Manganese 

122 


88 

67 

Rg 


0507 


, 

60 

DP 

Iron 

112 


65 9 

6 3 

Kp 

Tellurium 

0475 


125 

5 94 

Kp 


114 



64 

Rg 


0474 



5 94 

Rg 


110 



6 1 

DP 

Iodine 

•0641 


126 53 

6 8 

Rg 

Nickel 

108 


68 6 

6 3 

Rg 

Lnntha 






Cobalt 

107 


59 

63 

Rg 

num 

0449 


138 6 

6 2 

Hd 

Copper 

093 


63 4 

60 

Kp 

Cerium 

0448 


141 

6 3 

Hd 


095 


, 

6 1 

Hg 

Did>mium 

0456 


144 

6 5 

Hd. 


096 



6 1 

DI 

Tungsten 

0334 


183 6 

6 0 

Rg 

Zinc 

0932 


64 9 

6 1 

Kp 

Osmium 

0311 


193 

6 0 

Rg 


0935 


„ 

6 1 

Pn 

Indium 

0326 


194 

62 

Rg 

,, 

0955 



6 2 

Rg 

Platinum 

0325 


195 

6 4 

Kp. 


093 



6 0 

D P 


0324 


„ 

63 

Rg 

• Gallium 

079 

12® to 23° 

C9 

6 4 

Bt 


0314 



63 

DP 

Germanium 

077 

0° to 200° 

72 3 

6 64 

NP 

■ Gold 

0324 


197 

64 

Rg 

Arsenic 






'* Mercury 






amo7 photis 

076: 


74 9 

0 7 

B W 

solid 

0319 

o 

T 

0 

00 

1 

199 8 

64 

Rg 

etryttallxne 

083: 


, 

62 

B W 

* Thallium 

0335 


203 6 

6 8 

Rg 

♦* 

0814 


74 9 

6 1 

Rg 

Lead 

0307 


206 4 

6 3 

Rg 

„ 

08JJ 



62 

N 


0315 



66 

Kp 

• Selenion 







0314 



65 

Rg 

canorphom 

0746 

-27° to +8° 

78 8 

59 

Rg 

Bismuth 

0305 


208 

6 5 

Kp 

crytialltne 

•0745 

-18° to +7° 


6 9 

Rg 


0308 


232 4 

63 

1 Rg 


0762 


** i 

6 0 I 

Rg 

Thorium 

0276 

6 4 

Nn 


•0861 



6 8 

N 

Uranium 

028 1 

240 

6 6 

Zn 


• When no temp Is given the determinations were made somewhere between 0° and 100® the numbers in 
these cases may be regarded as appioximately representing the mean speclfio heats for the temperature interval 
40®-60o 

' The number for beryllium is that calculated by Humpidge from a series of determinations, at temperatures 
varying from 100® to 450®, made with a specimen of beryllium containing 99 2 per cent of the metal Bee further, 
p 843 

• • * Spec heats of boron, carbon and silicon are discussed on p 343-4 

• The higher temperature ( 4- 10®) is not given in Begnault s ^per, but judging from the context it appears to be 
approximately correct 

• This number for chromium is probably too low , see Kopp A Suppl 8, 77 (note) 

• The specimen of manganese employ ed contained a little silicon 

• Spec heat of molten gallium between 109° and 119°= 0802 (Berthelot, Bl [2] 81, 229) 

• Spec, beat of amorphous seleuion determined at high temperatures is abnormal, because of the large quantity of 
beat absorbed before fusion 

** Spec heat of zirconium calculated by Mlxter and Dana from determinations made with a sample containing 
known quantities of aluminium 

“ The specimen of molybdenum employed contained carbon 

*• Spec Wit of gold is nearly constant from 0° to 600° at 900° Sp ht,=a 0345, and at 1000°=i 0852 (Vlolle, C R 
«», 702) 

*• Smc heatof liquid mercury Rt65°=0’033 (Regnault) 

“ The specimen of thallium employed contained a little oxide 

The numbers marked with 1 are probably too large See Weber’s papers referred to below 

The names of the various observers are abbreviated in the table — 


Bg stands for Rbgkault — His papers on spec 

h^t are to be found in 

A Ch [2] 73, 8 , [3) 1, 129 , 9 332 ,26 261 , 
88, 129 46 257 63, 6 , 67, 427 

Kp 


Kopp 



A 126 362 , and do Suppl 8, 1 and 289 

N 


Nkumahv 



P 126,128 

Bn 


Bunbsa 


ft 

P 141 1 

Wb. 


Wkbkh 


H 

P 154, 367 (translation \xi P M [4] 49, 
A Ch 10 896 [161 and 276). 

DP 


Ddloko ajtd PmtT 


m 

Bt. 


Bbrthklot 



C 72 86 786 

Hd. 


Hillbbrakd 



/» 163 71 (translation In P M [6] 8, 109), 

B W 


Bbttendorf AKD WOtXNlB 



P 183, 298. 

M.D 


Mixtsb am> Daxa 



A 169 388 

Nn 


Niusox 



B 15 2519. 

NP 


Nilsov and PBTTXBsaoar 



je^ P <7 1, 27 

Mt 


Mallet 

m 

m 

C N 46 178. 

Zu. 


ZiMicximABir 

M 


B 16,849 

B0, 

a 

HC7MPIDOB 

a 

m 

/V 19, 1 
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As no other gaseous compounds of alumimum, 
except these three, have been prepared in a 
state of purity and analysed, we conclude that 
the atomic weight of this metal is not greater 
than 54 04 , but as only three gaseous compounds 
of alumimum are known, it is not unlikely that 
the true value to be assigned to the atomic weight 
of this element is ^ or ^ or &o Tbfe 
greater the number of compounds of a given 
element which have been gasified and analysed, 
the greater is the probability that the value 
thence obtained for the atomic weight of the 
element represents the true value of this con- 
stant 

Avogadro’s generalisation — equal volumes of 
gases contain equal number of molecules— places 
in the hands of chemists an instrument whereby 
they may determine the relative weights of the 
molecules of all gaseous or gasifiable compounds 
and elements, and the maximum values to be 
assigned to the atomic weights of all elements 
which form gaseous or gasifiable compounds 
But at present the densities of only 14 ele 
ments have been determined in the gaseous 
state, and gaseous compounds of only 42 different 
elements have been prepared and analysed 
Hence the application of the method introduced 
by Avogadio is limited There are two other 
methods of general applicability for determining 
the values to be assigned to the atomic weights 
of elements , let us consider these methods briefly 

In 1819 a paper was published by two French 
naturalists, Bulong and Petit, on the specific 
heats of 13 solid elements, viz , copper, gold, 
iron, lead, nickel, platinum, sulphur, tin, zinc, 
bismuth, cobalt, silver, and tellurium (A Ch 
10, 395) 

The products obtained by multiplying the 
generally accepted atomic weights of the nine 
elements from copper to zinc in this list by the 
specific heats of these elements, and sub multiples 
of the generally accepted atomic weights of the 
remaining four elements by the specific heats of 
these elements, had all nearly the same value 
Generalising from these results, Dulong and 
Petit concluded that ‘ the atoms of all the sim- 
ple bodies have exactly the same capacity for 
heat ’ This generalisation has, on the whole, 
been borne out by subsequent research 

The table on p 342 contains most of the 
well established data regardmg the specific heats 
of solid elements in so far as direct determina 
tions are concerned 

The values to be assigned to the specific 
heats of beryUium, boron, carbon, and silicon, 
have been the subject of many experiments and 
of much discussion Nilson and Pettersson 
{B 13, 1451 , V also G N 42, 297) made a 
senes of determinations with a specimen of 
metalhc beryllium containing about 6 per cent 
of beryllium and iron oxides The following 
were the most important results — 

Specific Heat of Beryllitim (Nilson & Pettersson) 


Temp interral 

Spec ht 

Spec, ht X 0 1 Spec. ht. x 

0°~ 48 

3973 

86 

54 

0 -100 

4246 

386 

58 

0 -214 

475 

4 26 

64 

0 -800 

5055 

46 

69 


Nilson and Pettersson concluded from these 
numbers that the atomic weight of beryllium is 


18 65 , but L Meyer {B 18, 1780) showed that 
the true values for the spec heat of this metal 
at various temperatures, as calculated from the 
data summarised m the preceding table, are as 
follows — 


Specific Heat of Beryllium (Meyer) 


Temp 

Spec ht 

Increase in 
spec ht. 
for 1® 

Bp ht X 

9 1 

Sp ht ; 
13 65 

20 2° 

3973 

00101 

8 62 

5 43 

73 2 

4481 

00085 

4 08 

612 

157 

5193 

00063 

4 78 

710 

256 8 

5819 


6 29 

8 94 


These numbers show that the specific heat 
of beryllium increases as temperature increases, 
but that the rate of this increase is considerably 
less for the interval 157"* to 25C° than for that 
of 20° to 157° Humpidge (Pr 39, 1), working 
with a specimen of beryllium prepared with 
great care and containing 99 2 per cent of the 
metal and 7 per cent of beryllium oxide, 
obtained the following results — 


Specific Heat of Beryllium (Humpidge) 


Temp 

Spec heat 

Spec ht x9*l 

100° 

4702 

4 28 

200 

5420 

4 93 

400 

6172 

6 61 

500 

6206 

6 06 


The value approximates to a constant 
between 450° and 500° There can now be 
little doubt that the specific heat of beryllium 
IS considerably larger at high than at low 
temperatures, that this value is nearly constant 
at about 600° and upwards, and that at these 
temperatures berylhum is not an exception 
to the law of Dulong and Petit (For more 
details V Bervllium ) 

Very varying values had been obtained for 
the specific heats of the three elements, boron, 
carbon, and silicon, before the researches of 
Weber The following table summarises the 
chief results — 

Specific Heats of Boron, CarhoUt and Silicofi 
(Weber’s numbers not included) 

(Temp about 36®-56°) 

Spec heat Bp ht x at wt Observer Date. 


Boaov 






amoi'phoua 

264 


88 

Kp 

1864 

cryttalhne 

230 


26 

do 

do 

268 


28 

MD 

1878 


257 


28 

Bg 

1869 

graphUic 

Carbon 

236 


2 6 

do 

do 

diamond 

148 


17 

B W 

1868 


147 


18 

Rg 

1841 


368 Temp 

800-10000 

44 

Dew ar 


graphite 

174 


21 

Kp 

1864 


188 


38 

B W 

1868 


198 


24 

Bg 

1866 

gat-carbon 

186 

166 


20 

23 


1664 

1868 


187 


24 

Bg 

1841 


32 Temp 

100-10000 

38 

Dewar 


Biucon 





ftued 

138 


8-9 


1864 


166 


46 

Bg 

1861 

oryttalHne 

165 


46 

Kp 

1864 


171 


48 

H D 

1873 


173 


48 

Bg 

1861 


Weber, about 1872, made a careful senes of 
determinations of the specific heats of these 
three elements (P M [4j 49, 101 and 276) , his 
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more important result! are presented in the 
following table — 


Specific Heats of Borons Carbon^ and Silicon 
(Weber) 


Bobon crystalline' 


Cabbon diamond 


graphite 


Poroue wood carbon 


SUiiooK crystallised 


Temp Spec heat 

Sp ht X 
at v^t. 

-48° 

1916 

211 

+ 77° 

2737 

8 01 

177® 

3378 

3 72 

233° 

3663 

4 03 

-60° 

0635 

0 76 

+ 10° 

1128 

1 35 

85° 

1706 

212 

250° 

3026 

8 63 

606° 

4408 

6 29 

985° 

4589 

6 51 

-60° 

1138 

137 

+ 10° 

1604 

193 

61° 

1990 

2 39 

201° 

2966 

3 56 

250° 

325 

8 88 

641° 

4454 

6 35 

978° 

467 

6 50 

0°-23° 

1653 

195 

0°-99® 

1935 

2 07 

0°-223° 

2385 

2 84 

-40° 

136 

3 81 

+ 67° 

1833 

6 13 

128° 

196 

6 50 

184° 

2011 

6 63 

232° 

2029 

6 68 


These numbers show that the speciho heats 
of boron, caibon, and silicon increase as tempe- 
rature mcreases, but that, in each case, the 
value of this mcrease for a given temperature 
Interval is considerably less at high than at low 
temperatures The observed variation in the 
rate of increase of the specific heat of crys 
tallised boron* is nearly identical with the 
observed variation in the rate of mcrease 
of the specific heat of crystallised carbon 
for equal intervals of temperature up to 
230-260°, if it IS assumed that this identity 
remains at higher temperatures, then the specific 
heat of crystallised boron* may be calculated, 
from the observations made with crystallised 
carbon, at temperatures up to about 1000° The 
value thus calculated for the specific heat of 
boron at 1000° is 50 The specific heat of 
orystaUine sihcon attains an almost constant 
value at about 230° (For more details v Boaoh, 
Carbon, Silicon ) 

Looking at the detenmnations of the specific 
heats of solid elements as a whole, it appears 
clear that the specific heat of any element vanes 
with the temperature, and that the relation 
between the vanation of specific heat and that 
of temperature differs for each element, and, 
moreover, that the value of the specific heat of 
an element depends to some extent on the 
physical condition of the element But there 
seems certainly to be an interval of tempera 
tore for which the specific heat of an element 
attams a constant, or nearly constant, value, 
this temperature-interval vanes for each element, 
especially for the non-metalho elements with 
■mall atonuc weights, for many elements it 
may be approximately taken as 0° to 100°(C ) 


* There ia, however, considerable doubt whether the 
material nsed by Weber waa pore boron. 


For this interval of temperature only can any 
element be said to obey the law of Dolong and 
Petit 

This law may now be stated in a practical 
form thus — The atomic heat, ue the product of 
specific heat, at the temperature interval for which 
sp ht IS ‘nearly constant, into atomic weight, of 
all solid elements is nearly a constant, the mean 
value of which w 6 4 If this is granted it 
follows that the atomic weight of any solid 
element is approximately equal to the quotient 

6 4 

, provided that the specific heat of 

spec heat 

the element has been determined for a consider 
able range of temperature, and, if the specific 
heat has been found to vary consideiably with 
variations of temperature, that the determina- 
tions have been continuec^ until a constant, or a 
nearly constant, value has been obtained 

Attempts have been made to determme the 
specific heats of several elements by an indirect 
method The method is based on the generalisa- 
tion, a constant (about 6 4), where A— the 

formula weight of a solid compound, C«tha 
specific beat of the compound, and n=» the 
number of elementary atoms in the formula of 
the compound This generalisation has been 
stated in various forms , the earliest appears to 
be that given by F Neumann, in 1831 ‘The 
amounts of chemically similar compounds ex- 
pressed by their formulsB possess equal specific 
heats ’ (P 23, 1) The statement is some- 
times put thus ‘ the molecular heat of a solid 
compound is equal to the sum of the atomic 
heats of its constituent elements, ’ by * molecular 
heat ’ is here meant the product of the specific 
heat of the compound into the mass expressed 

by its formula The form given above, ^-5 = a 

n 

constant, is the outcome of investigations made 
principally by Garmer {C R 36, 278, 37, 130), 
and Cannizzaro {Bl 1863 171) 

As an example of the application of thus 
generalisation, to find a value for the specific 
heat of an element m the solid form, let us take 
Kopp’s calculation of the specific heat of sobd 
chlorme [A Suppl 3, 321) The data are these — 
molecular heats (as defined) of metallic haloid 
salts KCl - 12 8, RBr ^ 13 9, RI = 13 4 , ROLj - 
18 6, RIj =» 19 4 In each case R represents one 
atom of a metal the atomic heat of which is 6 4 
The atomic heat of solid bromine => atomic heat 
cf BoUd iodine =« 6 b (approximately) Now, as 
the metalhc chlorides, bromides, and iodides, 
examined are chemically similar, and as the 
‘ molecular heats ’ of the similar salts are nearly 
the same, Kopp has concluded that the atomic 
heat of sohd chlorine is approximately equal to 
6 4 This conclusion is in keeping with the 
observed values, thus RCl (12 8) — R(6 4)* 

64, BClj(18 6)-E(64)=121, and 1|.1_605 

2 

Further data are presented by the following 
* molecular heats ’ £C10, » 24 8, EAsO, «« 26 8 

The argument here is, that as these values are 
nearly same, and as the difference m com- 
position between the two compounds is represented 
by the exchange of Cl for As, it follows that the 
Utomio heat of solid chlorine is approximately 
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•q^ to that of arsenio , btn the atomic heat of 
araemo, as determined by direct experiment, is 
6 1, hence the atomic heat of sohd chlorme is 
approximately equal to 6 1 

This indirect method often leads, as might 
be expected, to several values for the 8x>ecifio (or 
atomic) heat of an element Thus, from determina- 
tions of the ‘ molecular heats ’ of various oxides 
and other salts containing metals the atonuc heat 
of each of which has been directly determmed to 
be approximately 6 4, the following values for 
the atomic heat of solid oxygen are arrived at 


Prom RO 

46 

»» 

ROg 

87 

»» 

R,0, 

48 

n 

KAsO, 

42 

ft 

KCIO, 

85 

#» 

KMn 04 

88 


The mean of these values is 4 1 


The indirect method of finding the atomic 
heat of an element is undoubtedly useful, but 
no great stress can be laid on conclusions ar 
nved at by this method only It is certain that an 
erroneous conclusion regarding the value of the 
atomic weight of an element may be deduced 
fiom measurement of the specific heats of solid 
compounds of that element For example, 
Donath determined the specific heat of uranoso 
uranic oxide to be 0798 (J5 12, 742) , assuming 
the specific heat of solid oxygen to be 0 25 


the specific heat of uramum was calcu- 
lated to be 0497 , now 0497 x 120 = 6 9b, there 
fore, as analyses of compounds had proved that 
the atomic weight of uramum is nl20, it was 
•joncluded by Donath that the atomic weight of 
uramum is 120 But pure metallic uramum 
was prepared shortly afterwards, and the specific 
heat of this metal was directly determined to be 
028, now 028x120 = 3 3, but 028x240 = Cb, 
hence the atomic weight of uramum is much 
more probably 240 than 120 The larger value 
(240) has been confirmed by the preparation 
and analyses of two gaseous compounds of 
uranium {v regarding this subject, Kopp, B 
19, 813) 

The following statements fairly summarise 
the results of the determinations of the atomic 
heats of the elements 

L Solid elements^ 45 xn number^ the specific 
heats of which have been directly determined^ 
and the atomic heats of which are all approxi 
mately equal to Q A Li, Na, Mg, Al, P, S, K, 
Ca, Ti, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Br, Zr, 
Mo, Hu, Rh, Pd, Ag, Cd, In, Sn, Sb, Te, I, La, Ce, 
Di, W, Os, Ir, Pt, Au, Hg, Tl, Pb, Bi, Th, U (Cr) 

IL Solid elements^ b in number^ the specific 
heats of which have b^ directly determined, and 
vary considerably with temperature, and the atomic 
heats of which appear to he approximately equal 
to 6 5 Ga (? inaccurately determmed). Be, B, 
C, Si, Ge 


IIL Sohd elements, 6 in mimber, the specific 
heats of which have been indirectly determined 
and the atomic heats of which are probably 
f^pproxxmately equaUto 6 4 V, Rb, Sr, Cs, Ba 
lY Gaseous elements , specific heats in solid 

g rm very doubtful, and apparently variable 
, (F), N, O, Cl 

It has been already shown inat the appliea 


tion of Avogadro’s law enables a maximum 
value to be found for the atomic weight of any 
element which forms one or more compounds 
gasifiable without decomposition The maxi- 
mum value thus found for the atomic weight 
of aluminium was 54 04 , but as this value was 
based on analyses of only three gaseous com- 
pounds, it was asserted that the true value was pos- 
sibly one half or one third, <feo of this number 
Now, the specific heat of aluminium has been de- 
termined to be 22 , hence, assuming the law 
of Dulong and Petit, the atomic weight of 
alummium must be approximately equal to 80 
(30 X 22 = 66), therefore the value ^^^*9701 

is assigned to the atomic weight of this metal 
The maximum values assigned to the atomic 
weights of iron (1118), copper (12b 8), and 
gallium (138), by tne application of Avogadro’s 
law have, in each case, been halved when 
determinations have been made of the specific 
heats of these metals 

Various observations on the connexions 
between the chemical composition and the 
orystallme form of sohd compounds had been 
made previous to the year 1819, m which year 
the ‘law of isomorphism* was propounded by 
E Mitscherlich , this law was subsequently 
modified and extended, and in 1821 Mitscherlich 
stated it as follows ‘ Equal numbers of atoms 
similarly combined exhibit the same crystalline 
form , identity of crystalline form is indepen 
dent of the chemical nature of the atoms, and 
18 conditioned only by the number and con 
figuration of the atoms * Further research has 
shown that Mitscherlich’s statement was too 
absolute On the one hand, many solid com- 
pounds are known, the atomic compositions of 
which are very similar, and which, nevertheless, 
crystallise not only in different forms, but in 
different systems, thus 

PbCrO^ 18 monochnic, but PbMoO^ is quadratic , 
AgCl and AgBr are regular, but Agl is hexagonal , 
KNOg 18 rhombic, but CsNO, and RbNO, are 
hexagonal 

On the other hand, many solid compounds 
crystallise m identical or very similar forms, 
and nevertheless exhibit unlike atomic compo- 
sitions , thus the crystalline form of the folio wmg 
salts IS the same K^TiFgH^, CuTiF„4H20, 
K^bOFgRjO, CuNbOF,4H,0, KgWO^F.HgO, 
CuW02F^4Hg0 Many ammonium salts crys- 
tallise in the same forms as the corresponding 
salts of potassium, but the number of atoms in 
one formula weight of these salts is different. 
It is indeed somewhat difficult to give an exact 
meaning to the expression ‘isomorphous crys- 
tals , ’ by this phrase some naturalists mean 
crystals any one of which is capable of growing 
m unmodified form when immersed in a solution 
of any other (Kopp, B 12, 900 et seq ) , others 
include cryst^s belonging to the same system 
but exhibiting very sm^ differences m the 
measurements of their angles, e g the rhombo- 
hedral carbonates of magnesiam, calcium, irong 
sine, and manganese , others even mclude 
crystals which very closely resemble each other 
but yet belong to different systems The fact 
that the same compound may crystallise in two, 
or even three, distinct forms, fuither oomph 
cates the connexion between isomorphism and 
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chemical composition, thus, arsemous oxide, 
As.Oj, and antimonious oxide, Sb<0„ both crys- 
tallise in regular octahedra and also in rhombic 
forms, titanium dioxide, TiO^, crystalhses in 
two forms belonging to the quadratic system, 
but exhibiting very different relations of crys- 
talline axes, and also in a third form, viz 
rhombic prisms 

The constituents of isomorphous compounds 
are sometimes themselves isomorphous , e g the 
double compounds 3Ag^S Sb^S, and SAg^S As^S, 
crystallise m identical forms, and the sulphides 
Sb^S, and As^S, also orystalhse m identical 
forms On the other hand, the constituents of 
isomorphous compounds are sometimes not 
isomorphous , e g the sulphates of magnesium, 
nickel, and zinc, crystallise in rhombic forms, 
but the oxides of magnesium and nickel crystallise 
in regular, and oxide of zinc, in hexagonal, 
forms Isomorphism is sometimes not shown 
in comparatively simple analogous compounds of 
two elements, while the more complicated ana 
logons compounds of the same elements crys 
tallise in identical or very similar forms , e g 
many of the simpler compounds of cadmium are 
not isomorphous with the analogous compounds 
of the magnesian metals (Mg, Ca, Mn, Fe, Co, 
Ni, 2n, Cu), but the comparatively complex 
salts of cadmium, such as CdSO, K 2 SO^ GH^O, 
are usually isomorphous with the analogous 
salts of the metals named Hence it is neces 
sary to distinguish strict isomorphism as applied 
to bodies which exhibit the same or nearly the 
same crystalline form, from the isomorphism of 
bodies which, although themselves crystallising 
in different forms, nevertheless combine with 
one and the same third body to produce com 
pounds into which they enter as corresponding 
elements or groups, and which crystallise in the 
same forms {v Kopp, Lehrbmh der Physikal 
Chetnie, 2, 141) The crystalline forms of 
several elements have been determined, but the 
statement that such or such elements form an iso 
morphous group usually means only that ana 
logons compounds of these elements are for the 
most part isomorphous (v Isomorphism) 

Notwithstandmg the many qualifying clauses 
with which any general statement of the con 
nexion between crystalline form and chemical 
composition must, at present, be guarded, it has 
frequently been found possible to use the 
knowledge we have of the connexion in question 
as a guide in researches concerning the atomic 
weights of elements In these oases it is assumed 
that, as a general rule, those masses of two 
bodies which can mutually replace each other 
in compounds without change of the crystalline 
form of the compounds, or in other words those 
masses which are crystallographically equivalent, 
have similar atomic composition s By compounds 
of similar atomic composition is here meant 
compounds which are very analogous in their 
chemical relations, and the formulse of which 
contain equal numbers of atoms, or groups of 
atoms which react through senes of changes as 
if each were a single atom 

Now, if the atomic weight of a specified 
element is known, and if ' experiment shows 
that the mass of this element expressed by its 
atomic weight is crystallographically equivalent 
10 X umt masses of another element, it follows 


that the value of x is very probably the yalaa 
of the atomic weight of the second element 
Thus, the facts that gallium sulphate formed 
a double compound with ammonium sulphate, 
and that this double sulphate was isomoiphous 
with the alums, indicated that the double sul 
phate in question was a true alum , hence the 
general formula which expresses the composi- 
tion of alums expresses the composition of the 
double sulphate of gallium and ammonium The 
formula in question is M 2 SO 4 24 H 2 O, 

where M = an alkali metal or thallium , but in 
common alum Xj = Alj «■ 2 x 27 02 parts by weight 
of aluminium, and in gallium alum X 2 was 
experimentally determined to be 138 parts by 
weight of gallium Hence, as two atoms of 
aluminium were replaced by 138 unit masses of 
gallium without change of crystalhne form, and 
as the aluminium and galfium compounds were 
very similar in thoir chemical relations, the 
conclusion was drawn that 138 represents the 
relative weight of two atoms of gallium , there 
fore the value = 69 was deduced for the 
atomic weight of gallium This number was 
afterwards confirmed by analyses of gaseous 
gallium chloride, and by determinations of the 
specific heat of the metal It was at one time 
supposed by H Rose (P 108, 273) that a 
metal existed closely allied to, but not the same 
as, niobium , but Marignao (A Ch GO, 257) found 
that compounds obtained from this hypothetical 
metal were isomorphous with the corresponding 
compounds of tin and titanium, and that the 
groups of atoms SnF and TiF could be replaced 
by an atom of Rose’s ‘ hyponiobium * without 
change of crystalline form Hence Mangnac 
suggested that ‘ hyponiobium ’ was a compound , 
and, because of various reactions, that it was 
a compound of niobium and oxygen in the pro 
portion expressed by the formula NbO, where Nb 
has the value 94 If this were admitted it 
followed that the groups NbO, SnF, and TiF, 
were crystallographically equivalent in various 
compounds , but if so, it also followed, from 
analyses of the vanous compounds, that one 
atom of tin ( = 117 8 parts by weight), and one 
atom of titanium ( = 48 parts by weight), were 
replaced by 94 parts by weight of niobium in 
isomorphous compounds, therefore the atomic 
weight of niobium was 94 This value was con 
firmed by determinations of the relative densities, 
and by analyses, of the gaseous chloride and 
oxychloride of niobium In this case the com 
parison of the crystalline forms of compounds 
led at once to a determination of the atomic 
weight of an element, to a proof of the non- 
existence of a hypothetical metal, and to the 
recognition that a body supposed to be an element 
was really a compound An analogous case is 
furnished by Roscoe’s researches on vanadium , 
in this case also the study of isomorphism led to 
the correct determination of the atomic weight 
of vanadium, and to the discovery that the b^y 
supposed to be vanadium was in reality a 
compound of this metal with oxygen {T 1868 
let seq) 

No practical definition of the atomic we^t 
of an element can be given in terms of the (Uta 
of isomorphism The foregoing examples serve 
to show how these data are applied to supple 
ment those gamed by the analyses of gaseoos 
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eompoundfl, and by determinationa of the specific 
heats, of the elements 

U the atomic weight of calcinm is known, 
fhen the isomorphism of the carbonates of Mg, 
Sr, Ba, Pb, Mn, Zn, and Fe, with the carbonate 
of calcium, helps to fix values for the atomic 
weights of these 7 elements , the isomorphism 
of the sulphates of Co, Ni, and Cu, with sul- 
phate of iron gives data from which values may 
be deduced for the atomic weights of Co, Ni, and 
Cu , values are found for the atomic weights of 
T1 and Hg from considering compounds of these 
elements isomorphous with corresponding com 
pounds of Pb , similarly, Zn and Cd — Fe, Al, and 
Cr — form many isomorphous compounds , many 
manganates are isormorphous with selenates 
and chromates, some chromates are isomorphous 
with molybdates and tungstates, permanganates 
are frequently isomorphous with perchlorates 
and periodates, hence values are found for the 
atomic weights of Se, Cr, Cl, and I, and also for 
Mo, and W , from copper we pass to silver 
through the isomorphism of Cu^S and Ag^S , 
silver leads on to sodium and the alkali metals 
on the one hand and to gold on the other hand , 
the compounds RSj and EAsj are isomorphous, 
hence conclusions can be drawn regarding the 
atomic weight of As, and from this the passage 
is easy to conclusions regarding the atomic 
weights of P, V, Sb, and Bi , iron is connected 
with Ti, and this with Si, Zr, Sn, and Th , lastly, 
given the atomic weight of Pt, Ii, Pd, Ho, Bu, 
or Os, values can be assigned to the other metals 
of this group from a study of the composition 
of isomorphous compounds of these metals 
Thus it IS seen how helpful is the study of iso 
morphism in determining the atomic weights of 
the elements 

These then are the three generally applica 
ble methods whereby values may be found for 
the atomic weights of the elements the method 
founded on the law of Avogadro, the method 
based on the study of the specific heats of solid 
elements , and the method which considers the 
relations between the chemical composition and 
the crystalline form of similar compounds 
The first of these methods can be applied to 
determine the atomic and molecular weights of 
elements and the molecular weights of com 
pounds, but the application is restricted to 
bodies which are gasifiable without decomposi 
tion , the second and third methods can be 
apphed, strictly speaking, only to find values 
for the atomic weights of solid elements or of 
elements which form solid compounds 

All the methods are essentially physical , they 
are based on physical conceptions, and they are to 
a great extent developed by physical reasoning 

The conception of the molecule of a gaseous 
element or compound which is implied in the 
statement, ‘ equal volumes of gases contain equal 
numbers of molecules,’ is wholly physical The 
image of the molecule which this statement calls 
up in the mind is that of a small defimte por- 
tion of matter ‘ which moves about as a whole 
so that its parts, if it has any, do not part 
company dunng ^e motion of agitation of the 
gas ’ (Clerk Maxwell) It is when this con 
eeption is applied to chemical changes that we 
are forced to admit that in many of these 
ohanges the parts of molecules do part company, 


thus we are led to the chemical conception ot 
the atom, as a portion of matter smaller than 
the molecule, and either itself without parts, ot 
else compost of parts which, so far as we 
know at present, do not part company during 
any of the ohanges which the atom undergoes 
Then we proceed to study the properties of 
these atoms, and among these properties we 
seem to find two of great importance , the pro 
perty namely which is expressed in the state 
ment that the atoms of all solid elements, at 
certain temperatures, have equal capacities for 
heat , and the property which may be expressed 
m the statement that identity of crystalline 
form among compounds is usually accompanied 
by equality in the number of atoms of which the 
chemically reacting masses of these compounds 
are composed 

But here we ask are the molecules of iso- 
morphous compounds built up of equal numbers 
of atoms? Can the physical conception of 
molecule, which has been gained by the study 
of gaseous phenomena, be applied to solid com- 
pounds? And the answer at present is it is 
those small masses of isomorphous compounds 
which take part in chemical reactions, which as 
a rule, are composed of equal numbers of atoms 
The physical definition of molecule cannot, in 
the present state of knowledge, be safely applied 
to solid and hquid bodies Thus we seem to 
arrive at two conceptions, and two definitions, 
of the molecule On the one side we have the 
physical conception, as that of a small mass of 
a gaseous element or compound which moves 
about as a whole, and the parts of which do not 
part company during the motion of agitation of 
the gas , and on the other side we have the 
chemical conception, as that of the smallest mass 
of an element or compound which takes part in 
a chemical change, and which exhibits the pro 
perties of the specified element or compound 

The first of these definitions holds good 
whether the small particles of a gas are them 
selves composed of smaller particles, or are 
chemically mdivisible The volume occupied by 
a number of gaseous molecules is independent 
of the numbers of atoms which by their union 
form these molecules in one case a gaseous 
molecule may consist of a single atom (Hg and 
Cd), in another case a gaseous molecule may bo 
formed by the union of 2 atoms (HCl), 3 atoms 
(Hp), 9 atoms (C^H^O), 11 atoms (CjHgO,), or 
a much larger number of atoms , but m every 
case, equal volumes of the gases contain equal 
numbers of molecules But we know of no 
single property of liquid and solid compounds 
which is similarly independent of the number 
of atoms forming the atomic complex or react 
mg chemical unit of the compound 

Let us consider the conception of the cherai 
cally reacting unit or collocation of atoms a 
bttle more closely We have already seen that 
the application of the empirical laws of chenucal 
combination could not lead to final determma 
tions of the atomic weights of elements, because 
these laws could not enable chemists to deter 
mine which of several values should be given to 
the smallest mass of a compound capable of ex 
hibitmg the properties of that compound The 
value 8, 16, 24, &o would be assigned to the 
atomic weight of oxygen, according as the 
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‘atom* of water— that ib, m Daltonian language, 
the Bmallest mass of water which exhibits the 
properties whereby water is distinguished from 
all other kinds of matter — was assumed to be 
9, 18, 27, Ac times heavier than the atom of 
hydrogen But a study of the properties of 
water leads to the conclusion that the ‘ atom * of 
water very probably contains two atoms of hy- 
drogen and one of oxygen, and that the atomic 
weight of oxygen is therefore more probably re 
presented by the number 16 than by the number 
8 Thus, if 9 grams of water react with 
chlorine or bromine in sunlight 8 grams of 
oxygen are evolved, and 36 6 grams of a com 
pound of hydrogen with chlorine, or 81 grams of 
a compound of hydrogen with bromine, are pro 
duced, m the former case, the 36 5 grams of the 
chlorine compound are proved by analysis to be 
composed of 85 5 grams of chlorine and 1 gram 
of hydrogen , in the latter case, the 81 grams of 
the bromine compound are proved to be com 
osed of 80 grams of bromine and 1 gram of 
ydrogen , in both cases the whole of the oxygen 
of the 9 grams of water is removed from com 
bination with the hydrogen and makes its ap 
pearance as free oxygen Again, if 9 grams of 
water are acted on by potassium, 6 grams of 
hydrogen are evolved, and 28 grams of a com 
pound of potassium, hydrogen, and oxygen, con- 
taining 8 grams of oxygen — t e all the oxygen 
originally combined with hydrogen in the 9 
grams of water — are at the same time produced , 
if these 28 grams of the new compound are dried, 
fused, and, while molten, are acted on by potas 
Slum, 6 grams of hydrogen are evolved, and 47 
grams of a new compound of potassium and oxy 
gen are produced, which 47 grams contain the 
whole of the oxygen {le 8 grams) originally 
combmed with hydrogen in the 9 grams of 
water These experiments prove that the hydro 
gen in a specified mass of water can be removed 
from that mass of water in two equal portions, 
but, so far as these experiments go, that the 
oxygen m the same mass of water is either not 
removed at all, or is wholly removed, from com 
bmation with hydrogen Hence the conclusion 
IS drawn that the smallest reacting mass of 
water contains one chemically indivisible mass 
of oxygen, but two chemically indivisible masses 
of hydrogen But masses of hydrogen and oxy- 
gen are combmed in water m the ratio 1 8 , 
hence, if the smallest reacting mass of water is 
composed of 2 smallest parts, % e atoms of hydro 
gen, and one smallest part, t e atom, of oxygen, 
it follows that the atomic weight of oxygen is at 
least 16, that of hydrogen being unity, and that 
the relative mass of the smallest reacting portion, 
that is the reacting weighty of water is repre 
aented by the number 18, not by the number 9 
What value is to be assigned to the reacting 
weight of marsh gas? Masses of carbon and 
hydrogen combine to form marsh gas in the 
ratio 3 1 , hence the value we are seeking can 
not be less, but may be greater, than 4 If 4 
grams of marsh gas are acted on by ohlorme, a 
series of 4 compounds is produced , the first of 
these compounds contams ohlorme and hydrogen 
combmed with carbon, the masses of carbon and 
hydrogen being m the ratio 8 76 , the second 
and tliird contain the same three elements, in 
the second the carbon and hydrogen are in the 


ratio 8 5, and m the third in the ratio 8 25 , 
the fourth is a compound of the whole of the 
carbon originally combmed with hydrogen in 
the 4 grams of marsh gas with chlorme, and con- 
tams no hydrogen If now 4 grams of marsh 
gas are burnt in a plentiful supply of oxygen 
11 grams of carbon dioxide are produced, or if 
the same mass of marsh gas is burnt m a limited 
supply of oxygen 7 grams of carbon monoxide 
are produced , m each case the oxide of carbon 
formed contains the whole of the carbon origi- 
nally combmed with hydrogen m the 4 grams of 
marsh gas used No compound has yet been 
obtained from 4 grams of marsh gas containing 
a smaller mass of carbon than was originally 
present m the marsh gas, t e containing less 
than 3 grams of carbon The conclusion drawn 
from these experiments is that the smallest mass 
of marsh gas which can •take part m chemical 
changes is itself most probably composed of at 
least 4 atoms of hydrogen combmed with at 
least one atom of carbon , but if this is granted 
it follows that an atom of carbon is 12 times 
heavier than an atom of hydrogen, and that the 
reacting weight of marsh gas is represented by 
a number certamly not smaller than 16 

We have thus determined, on chemical 
grounds and by chemical reasoning, the follow 
mg values for the atomic weights of two ele 
ments (H = 1) C » 12, 0 « 16 Now let us 
consider a compound of these elements The 
simplest formula that can be given to acetic acid 
consistently with the values H = l, 0 = 12, 
0 = 16, isCHp If this acid is neutralised by 
soda, and the sodium salt so formed is analysed, 
this salt 18 found to be composed of the same 
masses of carbon and oxygen, combmed with j 
the mass of hydrogen, which were present m 
the mass of acid used , hence the smallest re 
acting mass of acetic acid must contain at least 
4 atoms of hydrogen But if this is granted 
it follows, from the fact that the elements are 
combmed in the ratio C 2H 0, that this smallest 
reacting mass must also contain at least 2 atoms 
of carbon and 2 atoms of oxygen, and that the 
formula expressmg the composition of the re 
acting weight of the acid in question must be 
written Further evidence m support 

of this conclusion is afforded by the preparation 
of thio acetic acid, which is composed of carbon, 
hydrogen, oxygen, and sulphur, the carbon and 
hydrogen being present m the same ratio as m 
acetic acid, but the oxygen being present m the 
ratio of 16 to 4 hydrogen {le O 4H), and the 
sulphur m the ratio 82 to 4 hydrogen Now the 
atomic weight of sulphur is almost certamly 82 , 
hence the simplest formula which expresses the 
composition of the reacting weight of thio 
acetic acid is C2H4OS In this case, ^ of the 
oxygen of the reacting weight of acetic acid a 
replaced by sulphur without any further change 
m the composition of the acid , hence, there must 
be at least 2 atoms of oxygen m the reacting 
weight m question, because atoms are (by defi- 
mtion) chemically indivisible 

This is an example of the general proposition 

that when i of a constituent element of the 
n 

reactmg weight of a given compound can be re- 
placed by another element without any other 
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sh&nge In tho oompoaition of the onguial sub- 
•tanoe, it follows that the reacting weight in 
question must oontain at least n atoms of the 
element which has been removed, and that if 
the atomic weight of the replacing element is 
known, it is easy to calculate, from the com- 
position of the original substance, the masses of 
the other constituents which must be present 
milted with the n atoms of the specified element, 
and hence to assign a minimum value to the 
reacting weight of the original substance 

When a formula has been assigned to a 
compound by such chemical methods as those 
now sketched, it is frequently possible to argue 
from this to the formulae of similar compounds 
Thus, the properties and the methods of forma- 
tion of sulphide of hydrogen show that this com 
pound IS similar to oxide of hydrogen (water) , 
but if the reacting ^feight of water is repre- 
sented by the formula H^O, that of sulphuretted 
hydrogen is probably represented by the formula 
H^S, again, the marked analogies between the 
sulphide, selenide, and telluride, of hydrogen 
suggest that these compounds have similar 
compositions , but if the first named is H^S, the 
others are probably H^Se, and HaTe, respec- 
tively If these formulas are admitted, values 
are at once found for the atomic weights of the 
three elements, sulphur, selenion, and tellurium 
Again, the metal magnesium reacts with water 
in the ratio of 24 parts by weight of the metal 
to 18 parts by weight of water, the products of 
this action being, Q) an oxide of magnesium 
containing 16 parts oy weight of oxygen united 
with 24 parts by weight of magnesium, and (2) 
two parts by weight of hydrogen , hence, as 
the reacting weight of water is represented by 
the formula Hp, that of magnesium oxide is 
probably represented by the formula MgO, where 
Mg = 24 parts by weight of magnesium , and hence 
the atomic weight 6f magnesium is probably 24 
The chemical methods for determining tlie 
atomic weights of elements then lead to a defi 
nition of atomic weight which may be stated 
thus the atomic weight of an element is a 
number which tells how many times greater is 
the smallest mass of that element found in the 
chemically reacting weight of any of its com 
pounds than the smallest mass of hydrogen 
found m the chemically reacting weight of any 
compound of hydrogen, such smallest mass of 
hydrogen being taken as unity The difl&oulty 
in applying this definition lies m the vagueness i 
of the expression ‘the chemically reacting weight 
of a compound ’ This expression cannot be de- 
fined , the illustrations already given mdicate 
the mterpretation usually put upon it, and also 
the methods whereby approximately accurate 
values are obtained for it in special cases 

The physical conception of molecule is clear, 
and admits of bemg put mto words which have 
a defimte quantitative meamng , this conception 
leads to that of the atom, the definition of 
which may also be put mto a quantitative form 
But the definition of the molecule is strictly 
applicable only to gases , hence arises the need 
of a subsidiary definition We conceive chemical 
changes ocqumng among liquid and sohd bodies 
as occurring among the smallest particles of 
these bodies which are capable of existing as 
wholes and of exhibiting the properties of the 


bodies in question. These smallest particles w« 
may call the (fiiem^ally reaotmg units, or the 
reacting weights, of the bodies , they are gene- 
rally c^led molecules , but if we use this term 
we must not forget that it is employed m a 
somewhat vague manner, and without the strict 
quantitative signification which is attached to it 
when we speak of the molecule of a gas 

It seems probable that the mass of the 
chemically reacting umt of a compound vanes, 
within certain not very wide limits, in different 
reactions This mass must of course always be ex- 
pressed by a whole multiple of a certain number , 
but it is probable that the value of the multiple 
vanes Thus many of the reactions of potassium 
permanganate can be simply expressed by 
assigning to the reacting weight of this salt the 
formula KMnO^, but other reactions mdicate 
that this formula should be doubled and written 
KjMn^Og Again, penodic acid generally reacts 
as if the smallest particle which exhibits the 
chemical properties of this acid had the mass 
228, and were composed of hydrogen, iodine, 
and oxygen, combined as shown m the formula 
HjIOfl, but some of the reactions of periodic 
acid are more simply explained by doubling the 
formula, and writing it H,oI^O ,2 Indeed, even 
in the case of gaseous elements and compounds, 
we have sometimes direct evidence to show that 
the molecular weight of the gas varies with 
variations of temperature Consider, for m- 
stance, the following data — 

Spec gbav of Iodine gas {Air»l) 


Pressure 

Temperature 

Bp fpr 

760 mm 

448° 

8 74 

»> 

855 

8 07 

*» 

? ri275 
£ 1470 

6 82 

»» 

5 06 

76 mm 

1 [1250 

4 72 

Spec gkav of Sulphub gab (Air««l) 

Pressure 

Temperature 

Sp gr 

760 mm 

520° 

6 62 


660 

2 93 


8b0 

(cf Sulphub, vol iv ) 

2 23 

Spec gbav of Acetic acid gas (Air « 1) 

Pressure 

Temperature 

Sp gr 

760 mm 

124° 

8 20 


130 

811 

9f 

160 

2 48 

ft 

230 

2 09 


280 

2 08 

ft 

838 

2 08 

Spec gbav 

OF Nitbogen tetboxidb gas (Air 

Pressure 

Temperature 

Bp gr 

125 mm 

-6° 

8 01 

138 ,. 

+ 1 

264 

760 „ 

70 

198 


135 

160 

»» w 

185 

167 


The density of iodine gas would be 8 77 U 
the composition of the molecule were repre 
sented by I,, and 4 38 if the composition of the 
molecule were represented by I the nnmbers 
given point to the existence of moleooles 
having the composition I, at comparatively low 
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lomperatnres, and having the composition I at 
high temperatures when the gas is under a 
email pressure The numbers given for sulphur 
gas suggest the existence of molecules Sg at tern 
peratures from b p to c 550°, and of molecules 
8^ from c 650° to c 1000° , but more recent re- 
sults throw considerable doubt on the accuracy 
of this conclusion (cf Sulphur, vol iv ) In 
the case of acetic acid gas, experiments indicate 
the existence of two different molecules , the 
data point to the existence of the molecules 
0 (calculated sp gr « 2 08, air = 1) at 
about 230° and upwards, but to the existence of 
heavier molecules, CjH^Oa (calculated sp gr =» 
8 12, air - 1), at about 120°-130° Lastly, the 
existence of the molecules N ^04 (calculated 
sp gr o 8 18) in gaseous mtrogen tetroxide at 
low temperatures and pressures, and of the 
molecules NO, (calculated ep gr «» 1 59) at 
higher temperatures, is mdicated by the numbers 
which represent the observed relative densities 
of this gas The sp gravs of some gases slowly 
decrease as temperature rises until a value is 
attained which remains constant throughout a 
considerable interval, e g iodine, acetic acid, 
nitrogen tetroxide, gases , in other cases the sp 
gr remains nearly constant throughout a con 
Biderable range of temperature, and then rapidly 
decreases until another constant value is reached, 
which again remains constant for a consideiable 
temperature interval, e g sulphur gas {v Dis 
80CUTI0N, also Allotropy, and Isomerism) But 
xn both classes of gases the data point to the 
existence, at different temperatures, of more or 
less stable molecules, the mass of the heavier 
of which is a whole multiple of that of the 
lighter 

The practical conclusions to be drawn from 
these facts are, that before the molecular weight 
of a gas can be regarded as satisfactorily deter 
mined, observations of the sp gr of that gas must 
be made throughout a considerable range of 
temperature , and that the number which 
represents the sp gr in question for such a 
range of temperature is to be taken as the basis 
for calculating the molecular weight of the gas, 
or it may be in some cases the numbers which 
represent the sp gravs , each for a considerable 
temperature interval, are to be used for finding 
the different molecular weights of the gas 

If then the mass of the molecule of a gas 
may have a different value, and therefore the 
molecule be composed of a different number of 
atoms, at a high than at a low temperature — 
and so far as data goes it seems that the mass 
of the molecule, if variable, is greater at tempe- 
ratures near the condensation point than at 
temperatures far removed from this point — it is 
at least very probable that, if we carry over the 
conception of the molecule from gases to hquids 
and solids, we must be prepaied to regard the 
mass of the molecule of a hquid or solid com 
pound as considerably greater than that of the 
molecule of the same compound in the gaseous 
state But, m practice, when we speak of the 
molecular weight of a hqmd or solid compound 
we use the term molecular weight with a mean- 
mg different from that which we assign to it 
when we speak of the molecular weight of a gas 
In the latter case the term signifies a small 
mass of matter, itself built up of smaller parts, 


which collides with other similar small masses, 
rebounds, vibrates, but yet remains intact, 
when a number of these small parts of matter 
are heated , in the former case the term sum- 
manses a number of chemical data in a con- 
vement form, and asserts that the number of 
atoms which are so associated as to act in 
many changes as a chemical whole, is not less 
than a certain specified number 

The chemical formulas of solid and liquid 
bodies do not then stand on the same footing 
as the formulas of gases {v FoRMULiE) But the 
question arises are these collocations of atoms 
which we have called reactmg chemical units 
also the reacting physical units of this or that 
compound? Are the physical constants of com- 
pounds conditioned by the masses of these re- 
acting units? If these questions are answered in 
the affirmative, it is possible that measurements 
of some physical constant for a senes of chemi- 
cally similar compounds might enable just con- 
clusions to be drawn regarding the relative masses 
of the reacting units of these compounds Many 
measurements of this kind have been made , 
but no wide generalisation has yet been found 
which enables us to determine the relative 
masses of the reacting units of solid and liquid 
compounds from a knowledge of the physical 
constants of these compounds All the general 
isations which have been, or which at present 
can be, ventured upon, are for the most part 
empirical the theory of the grained structure 
of matter has been developed, so far as it has 
been developed, only for gases , as regards gases, 
conclusions can be drawn from the fundamental 
principles of the theory, and these conclusions 
can be tested by experiment, but as regards 
liquids and solids, no such general conclusions 
can be drawn, and the theory can be used as a 
guide in experimental research only in a wide 
and general manner What is wanted now is 
therefore not only further experimental deter 
mmations of the physical constants of senes of 
chemically similar compounds, but a great 
development of the general theory of the struo 
ture of matter, especially in the direction of 
applying this theory to liquid and solid bodies 
{v Molecular theories, also Physical methods) 
The great difficulty lies in the fact that most 
of the physical constants of liquid and solid 
compounds appear to be conditioned both by 
the nature and number, on the one hand, and 
by the modes of combination, on the other 
hand, of the atoms which form the atomic 
complexes we have called reacting chemical 
units But the kinetic theory of gases has been 
chiefly developed from the study of properties 
which are independent of the nature and num 
ber, and are conditioned only by the states of 
union, of the parts of molecules 

But although we must for a time be content 
with the conception of the chemically reacting 
unit of a liquid or solid compound, and although 
we may at times wistfully contrast this with 
the clear physical conception of the molecule of 
a gas, yet there is one well established chemical 
generalisation by the apphcation of which valnes 
may be obtained for the atomic weights of many 
elements This generalisation may be stated 
thus — The jproperfies of the elimenti va/ry 
jeenodtccUly mm vartatums wi the atormc 
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wfyfUi tf the elements, or thus —1/ the 
elements are arranged in order of increasing 
aUrmto weights, the properties of the elements 
vary from element to element, hut return more 
or less nearly to the same values at certain 
fixed points in the series Let the elements be 
arranged in the order of their atomio weights, 
from hydrogen to uranium , let them be divided, 
broadly, into senes of sevens , let the second 
senes be placed under the first, the third under 
the second, and so on , then the elements con 
tamed in any one vertical column are called a 
group, and those in any one horizontal column 
are called a series In this arrangement hydro 
gen IS placed in a senes by itself, and under it, 
that IS in the same group, is placed the element 
(lithium) which comes next after hydrogen in 
order of increasing atomio weight , certain gaps 
are also supposed to occur m the list of elements, 
so that an element which immediately succeeds 
another in order of increasing atomio weights is 
sometimes placed, not in the group immediately 
succeeding, but in the group next but one or next 
but two &c after,that which contains the element 
with the smaller atomio weight Thus uranium 
(240) comes after thorium (232) in order of atomic 
weights , thorium is placed in group IV , but 
uranium is placed in group VI Certain elements 
aie also placed in an eighth group by themselves , 
and the last member of each series in this group 
13 repeated as the first member of the next 
senes in group I 

The following table shows the arrangement 
of the elements in accordance with the periodic 
law The formula at the head of each group 
represents the composition, either of the highest, 
or of the most characteristic, oxide of the ele 
ments belonging to that group , in each case 
the formula gives the number of atoms of oxygen 
ref ei red to two atoms of the element 


parts, and to examine the nature of the oon^ 
nexion between the atomic weights, and sufih 
measureable properties, of the elements, aa 
atomic volume 

A « the quotient - atomio weight 

V ^ S G of soUd element^ 

position m electrical senes, fusibility, composi- 
tion of oxides, chlondes, &c , wave lengths of 
characteristic lines in the spectra, heats of com* 
bustion or of combination with chlorine, <fco 
&o The expression ‘ properties of the elements ’ 
18 also to be taken as including the properties of 
the compounds of the elements , so that the 
periodic law asserts that e g the melting pomts 
of similar compounds (say of chlorides) vary 
periodically with variations in the atomio 
weights of the elements 

The periodic law will be discussed in detail 
in the article with that heading , meanwhile 
suffice it to say that the law rests on a firm 
basis of well established facts of diverse kinds 
We shall here make use of this law to establish 
values for the atomio weights of one or two 
typical elements 

At the time of the publication of Mendel6eff ’g 
first memoir on the periodic law no elements 
were known which could be placed in group III 
senes 4 and 6 Calcium (40) and titanium (48) 
were known, zinc (65) and arsenic (75) were 
known calcium and zinc evidently belong to 
the group which comprises magnesium, stron- 
tium, cadmium, and barium , titanium must be 
placed in the same group as carbon, silicon, and 
tin , and arsenic could not be separated from 
phosphorus, vanadium, and antimony Hence 
two gaps occurred in group III (series 4 and 6), 
and one in group IV (series 6) From consider 
ing the difference between the values of the 
atomio weights of consecutive elements, (1) m 


GROUPS 


1 

I 

II 

III 

IV 

V 

VI 

vn 

vin 


li,0 

R 0, 

R 0, 

R,0« 

R 0, 

R.O, 

R.O, 

[R,0.] 

1 

H = 1 

_ 



_ 








2 

Li=7 

Be = 9 

B = U 

0=12 

^ = l4 

0 = 16 

F=19 


S 

Na=23 

Mg=24 

Al=27 

Si = 28 

P=31 

S=32 

01 = 36 6 

(Pc = 66 NI = 68S 
lCo = 69 Ou=63 

4 

k:=39 

Oa=40 

8o=44 

Tl=48 

Y = 61 

Or =62 

Mn = 66 

5 

(Ca=63) 

Zn=65 

Ga=69 

Ge=72 

Ab=76 

Be = 79 

Br=80 

(Rh = 104 Ru = 104 8 
lPd=106 Ag=108 

6 

Rb = 86 

Sr =87 

Y=89 

Zr=90 

^b = 94 

Mo =96 

(? 100) 

7 

(Ajf=108} 

Cs=133 

Od=112 

In = ll4 

Sn = 118 

Sb = 120 

Te = 126 

1 = 127 


8 

Ba=137 

La=139 

Ce=l40 

Pi =144 

? 149 

? 160 

? 162— 168 4 Elements f 






Er=166 

? 167 

? 169 



1 ^ ? 4 Elements 166 to 162 ? . 


(08=191 Ir«192 5 
lPt=194 Au=l't7 

10 

? 170 

? 172 1 

Yb=173 

? 178 

Ta= 183 

W=184 

? 190 


(iLU=l97) 

Hg=200 1 

T1 304 

Pb = 20r 

Bl=208 





? 2 Elements 
U = 240 j 

212 to 220 ? 
? 246 






Th=232 

?237 

12 

1 ^ ? 8 Elements 220 to 230 ? ^ | 



In order to establish the existence of a 
periodic connexion between the atomic weights 
and the properties of the elements, it is neces 
sary to break up the phenomena connoted by 
the phrase * properties of the elements’ mto 


the same senes — the average value of this dif- 
ference IS about 2 in senes 3, 4, and 6 — and (2) 
m the same group— the average value of this 
difference for the first, second, and third mem 
bers of groups I , IL, and III , and for the 
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ftnd second members of groups IV , VI , and 
VII , IS about 16, and for the eaooeedmg members 
of these groups it is about 23 — Mendel6efif 
assigned the value 44 as approximately that of 
the atomic weight of the unknown element in 
senes 4 of group III , and the value 69 as 
approximately that of the atomic weight of the 
unknown element in senes 5 of the same group 
Mendel6eflf also predicted many of the properties 
of these two unknown elements from considermg 
the positions they occupied m the ‘ periodic ’ 
arrangement of the elements Thus, the rela 
tions of the unknown element with atomic weight 
44 to aluminium should be similar to those 
between (1^ calcium and magnesium, (2) tita 
mum and silicon, (3) vanadium and phosphorus, 
(4) chromium and sulphur , again the relations 
between (1) berylhum and calcium, (2) carbon 
and titamum, (3) nitrogen and vanadium, (4) oxy 
gen and chromium, (5) fluorine and manganese, 
ought to be similar to the relations between boron 
and the unknown element As regards the pro 
perties of the second unknown element with 
atomic weight 69, it was known that (1) zinc is 
more like magnesium than it is like calcium, (2) 
arsenic more resembles phosphorus than it does 
vanadium, (3) selenion shows closer analogies 
with sulphur than with chromium, and (4) bro 
mine and chlorine are more like each other than 
either is hke manganese , hence, it was argued, 
the unknown element (G9) will resemble alumi 
mum more closely than it resembles the other 
unknown element (44), and more closely than 
the second unknown element itself lesembles 
aluminium The relationships indicated were 
of course studied in detail by Mendel6eff Thus, 
take the pairs of consecutive elements in series 
8 and 4 , the resemblance between any of these 
pairs (Na,K, Mg, Ca , Si, Ti , P, V, S, Cr, 
Cl, Mn) IB less marked in the higher than in 
the lower groups Or, take the two elements in 
each group belonging respectively to senes 3 and 
6 , the resemblance between any of these pairs 
(Na, Cu, Mg, Zn, P, As, S, Se, Cl, Br) 
18 more marked m the higher than in the lower 
groups 

The relationships examined by Mende 
16e£f were those between atomic weights, fusi- 
bilities, atomic volumes, composition of oxides 
ohlondes and other compounds, acid or basic 
character of oxides, power of forming double 
salts and composition of these salts if formed, 
&c &c As a result of his study of these 
relationships, Mendel6eff tabulated many pro- 
perties of the two unknown elements Since 
the memoir of the Bussian naturalist was 
published, several new elements have been dis- 
covered , some of the properties of two of these 
elements will now be compared with the pro 
perties which Mendel4ef asserted ought to 
characterise the elements belonging respectively 
|o senes 4 and 6 of group III 

Mendeleiff^s Eka-aluminium (III -6) 
Atomic weight about 69 
Beadily obtained by reduction 
Melting point low 6p gr »= 6 9 
Not acted on by air 
Will decompose water at a red heat 
Slowly attacked by acids or alkalis. 

Will form a potassium alum more soluble, 


but less easily orystallieable, than the ooife* 
spondmg alummium salt 

Oxide » EijO, Chloride » El^Cl^. 

Qallxwnu 

Atomic weight - 69 

Readily obtamed by electrolysing alkaline 
solutions 

MP=3015® Spgr -6 93 
Non volatile, and but superficially oxidised 
in air at bright red heat 

Decomposes water at high temperatures 
Soluble in hot hydrochloric acid, scarcely 
attacked by cold mtric acid , soluble in oaustio 
potash 

Forms a well defined alum 
Chloride = Ga^Cl^ Oxide * Ga^O, 

Mendelicff's EkaJx)ron (III -4). 

Atomic weight about 44 
Oxide Eb^O, soluble in acids , sp gr about 
3 5 , analogous to but more basic than Al^O, , 
less basic than MgO , insoluble in alkalis 

Salts of Eb colourless, and will yield gela- 
tinous precipitates with KOH, K^CO,, Na-^HPO^, 
<fec 

Sulphate, Ebj 3 SO 4 , will form a double salt 
with probably not isomorphous with the 

alums 

Chloride EbCl, orEbjClo, sp gr about 2, less 
volatile than Al^Cl, 

Scandium, 

Atomic weight = 44 

Oxide ScjOj, , sp gr = 3 8 , soluble in strong 
acids , analogous with but more decidedly basic 
than Al^O, , insoluble in alkalis 

Solutions of So salts colourless and yield 
gelatinous precipitates with KOH, K^CO„ and 
Na^HPO^ 

Sulphate, SCj SSO^, forms a double salt, not 
an alum, Sc^SSO^ 3 K^S 04 

Gallium and scandium are, therefore, the ele 
ments which Mendel^eff named eka alumitvium 
and eka boron, and many properties of which 
were accurately and m detail tabulated by him , 
while the elements were yet unknown 

Much discussion has of late been earned on, 
and a great deal of experimental work has been 
done, regarding the value to be given to the 
atomic weight of beryllium Chemists are agreed 
that the value m question is either (in round 
numbers) 9 or 9 x = 13 5 , if the former value 
18 adopted, berylhum must be placed m group II 
senes 2 , if the latter value is preferred, the metal 
must find a place between carbon and nitrogen 
If the former value is adopted, the formula of 
berylhum oxide becomes BeO , if the latter 
value is preferred, the formula of this oxide must 
be written Be^O, The penodic law is a guide in 
the solution of this problem Briefly, the law 
directs us to study the properties of the element 
Itself and the composition and properties of its 
compounds , to compare these with those of 
elements which must come m the same group 
and the same senes as beryllium , to compare 
the relations between berylhum and these other 
elements with the relations which have been 
estabhshed between elements ooonmng m posi- 
tions similar to that occupied by berylhum and 
the other elements in question, and to adopt 
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that vahie for the atozmo weight of berjUiozii 
which best harmonises with the outcome of this 
study There can be no doubt that the value 
which best harmonises with the results of this 
study IS 9 , hence the atomic weight of beryllium 
Is almost certainly 9 This result is confirmed 
by the application of the law of Dulong and 
Petit, and also of the law of Avogadro , for the 
specific heat of beryllium at about 600° is 
nearly constant and is approximately represented 
by the number 62 ( 62 x 9 = 6 6), and the vapour 
densities of beryllium chloride and bromide show 
that the formulas of these compounds, as gases, 
are BeClj, and BeBr^, respectively (Be = 9) 

The atomic weight of tellurium had for long 
been supposed to be greater than that of iodine 
(127) , but if this were so tellurium must be placed 
in group I series 9 , that is to say, in a group which 
contains the alkali metals This position cannot 
be defended , moreover, every chemist knows that 
tellurium exhibits marked analogies to sulphur 
and selemon But if tellurium is to find a 
place in group VI the value to be given to its 
atomic weight must be greater than 120 and 
less than 127 In 1883 Biauner undertook an 
experimental criticism of the methods whereby 
the atomic weight of tellurium had been de 
termined by different chemists Brauner proved 
that these methods almost necessarily gave too 
large values , he also made very careful deter 
minations of the atomic weight of the element by 
two new methods, and obtained a series of 
numbers varying from 124 94 to 125 4, with a 
mean value of 125 The periodic law has, there 
fore, prevented chemists from finally adopting 
an erroneous value for the atomic weight of 
tellurium, notwithstanding the great weight of 
authority which was m favour of regarding that 
value as correct 

These examples will suffice to show how the 
peiiodio law is used as a guide in determining 
what multiple of the combining weight of an 
element is to be adopted as the atomic weight of 
that element Incidentally, these examples 
also impress us with the extreme importance of 
the constants which we call the atomic weights 
of the elements Given this constant for a new 
element, and we may, to a considerable extent, 
predict the properties of the element and its 
compounds The penodio law also enables 
values to be given, if not to the molecular 
weights, then certainly to the reacting weights 
of compounds, because the position of an ele- 
ment in a group and senes determines the 
formulfiB of the salts of that element, and, as we 
assume the atomic weights of the other elements 
in these salts to be known, therefore determines 
the relative masses of the chemically reacting 
units of these salts There are at least one or 
tyro elements m each group which form some 
gasifiable compounds , the molecular weights of 
these compounds are therefore known , hence 
conclusions may tentatively be drawn regarding 
the molecular weights of similar compounds of 
other elements m the same group But no 
great stress must be placed on such reasoning as 
this Alumimum and indium occur in group 
III (senes 3 and 7), these metals exhibit fairly 
marked analogies , yet the molecular formula 
of gaseous alumimum chloride is AljCl, while 
that of gaseous indium chloride is InClj , thalhum 
VoL I 


belongs to the same group as aluminium and 
indium (senes 11), yet the formula of the only 
chlonde of thalhum which is stable as a gas is 
TlCl 

There is then at present one generally 
applicable method for determmmg the molecular 
weights of gaseous elements and compounds , 
this method springs out of the application of 
the generahsation of Avogadro to chemical 
changes occurring between gaseous elements 
The application of the generalisation m question 
leads to practical definitions of the terms 
molecular weight and atomic weight In addition 
to this method there are three otheis which 
serve to determine, more or less accurately, the 
values of the atomic weights of the elements , 
and two of these are also employed to find the 
relative masses of the small particles of solid 
and liquid compounds which take part in 
chemical changes 

The methods founded respectively on the laws 
of Avogadro, Dulong and Petit, and Mitscher- 
lich, are essentially physical methods, they 
are outcomes of the physical theory of the 
grained structure of matter The applications 
of this theory to chemical phenomena which 
have been considered in the present article have 
been treated in a purely empirical manner 
But it is possible to deduce the law of Avogadio 
from the first principles of the theory in question 
The theory assumes that the temperature of a 
gas represents the mean kinetic energy of the 
molecules of that gas , hence, if M and M, 
represent the masses, and and V,^ the mean 
squares of the velocities, of the molecules of 
two gases at the same temperature, it follows, 
from the laws of energy, that 
MV^ = M,V,2 

But if the pressures of the two gases are equal, 
then 

MNV2 = M,N,V,2, 

where N and N, represent the number of mole 
cules in unit volume of the two gases , because, 
according to the theory, the pressure of a gas 
on the walls of the containing vessel is an effect 
of the impacts of the molecules of the gas, and 
this depends on the number and velocity per 
unit of time of these molecules From these 
equations it follows that 

N = N,, 

that IS, when two gases are at the same pressure 
and temperature the number of molecules in 
umt volume of either gas is the same But this 
IS the law of Avogadro 

Neither the law of Dulong and Petit, nor 
the law of isomorphism, can as yet be satis 
factonly deduced from the first principles of the 
molecular theory We know very little, if any 
thing, of the structure of gaseous molecules , 
and of the molecular phenomena of solids our 
accurate knowledge may be said to be almost 
nothing (v Aggregation, States of, p 87 , 
also Molecular structure of matter, thbobies 

REGARDING , alsO PHYSICAL METHODS AFPLIED TO 
CHEMICAL phenomena) 

The atomic weights of all the known elements 
have been more or less accurately detennmed , 
but only fourteen elements have been gasified, 
and hence the molecular weights of only fourteen 
elements have been determined The molecules 
of the greater number, but by no means of all, 
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of these elements are most probably {v remarks on 
p 840 regardmg the molecules of hydrogen, Ac ) 
composed of two atoms, they are diatomio 
The following table shows the classihcation of 


the elementary moleoules, so far as the arailabla 
data permit, m accordance with their atomicity, 
that IS, the number of atoms of which each 
molecule is composed 


Atomicity or Elementabt Molecules (the temperatures are approximate) 


Monaiovito 

Dmlomic 

Ti latomic 

Tetratomvc 

Hexatomte 

Sodium 

Hydrogen 

Oxygen as 

Phosphorus 

Sulphur at 450- 

Potassium 

Chlorine 

ozone 

Arsenic ! 

650° 

Zinc 

Bromine 

Selenion at 

(both at temps 

(very doubtful, 

Cadmium 

Iodine at 200®-1000° 

8 

CD 

O 

o 

o 

nearly up to 

V Blitz a 

Mercury 

Iodine at o 1500® 

(? Bromine ate 1800°) 
Antimony at c 1700° 

Oxygen 

Sulphur at 800° and 
upwards 

Selenion at 1200° and 
upwards 

Tellurium 

Nitrogen 

Phosphorus 1 at white 
Arsenic J heat 


white heat) 

Meyer, B 21^ 
2013) 


The following table presents the data available for calculating the molecular weights of the 
elementary gases — 


Molecdlab Weights or Elementary Gases 


I 

u 

riL 

IV 

V 

L 

II 

III 

IV 

V 

Name 

Belative 

density 

air=l 

Temp of 

Density 

Molecular 

Name 

Kelative 

density 

air=l 

Temp of 

Density 

Molecular 

of element 

observation 

x28 87 

weight 

of element 

observation 

x28 87 

weight 

• Hydrogen 

'06926 

0® 

2 

2 

*’ Bromine 

6 54 

100° 

169 9 1 

169 6 

“Sodium 

87 

1200®-1600® 

25 5 

23 

!• 

6 38 

100® 

165 3 ) 

• Nitrogen 

0 9713 

0® 

28-04 

2802 

If 

4 43 

abt 1600° 

117 9 

? 

• Oxygen 

1 106 

ebt 1400® 

81 94 1 

81 92 

“ Selenion 

6 68 

abt 1400® 

161 1 

167 8 


1 10663 

0® 

81 92) 

ai 

6 37 

abt 1000® 

183 9 

? 

• „ (ozone) 

1668 

— 

47 86 

47 88 


7 67 

860® 

221 4 

286 4 

• Sulphur 

2 23 

860® 

64 4 \ 


“• Mercury 

6 96 

abt 1000® 

200 93^ 



» 

n 

2 24 

1040® 

64 6 [ 

63 96 

94 

6 98 

446® 

201 5 


199 8 

• 

217 

abt 1400® 

62 6 j 


n 

7-03 

424® 

203 0 


• Zino 

2 38 

abt 1400® 

68 7 

649 


67 

882° 

193 4 



'• Chlorine 

2 46 

200® 

70 73 1 


•’ Iodine 

88 

260®~460° 

264 0 



11 

•• 

2 61 

abt 1000® 

76 35 [ 

70 74 


8-72 

186® 

2517 




2 44 

abt 1200° 

70 it ) 


99 

8 70 

447® 

2512 


168*0) 

*• Cadmium 

3 94 

abt 1000® 

113 7 

1121 

n 

8 72 

abt 1000® 

261 7 


‘“Antimony 

9 78 

1640® 

1361 

120 j 


8 84 

o 

o 

255 2 



’• Phosphorus 

4 36 

600® 

125 6 » 

123 84 


8 66 

666® 

246 8 



14 

4 60 

abt 1000® 

129 9 i 

n 

6 87 

abt 1100® 

169 4 

t 

*• Arsenlo 

10 2 

860® 

294 6 1 

299 6 

M 

4 76 

abt 1600® 

137 4 

[? 126 58] 

14 

n 

10 66 

644®-668® 

307 4 ) 

Tellurium 

9-08 

abt 1400® 

2621 

255 

iCa 

n 

6 63 

1430® 

188 6 

[?149 8] 

1 






• Regnault, C R TO, 976 “Scott Pr E U 410 

■ llegnault Ic, • V Meyer, B 12 1426 

• Eegnault, 1 1 , • Soret, C R. 61, 941 , 64, 904 

• ’ Derille a. Troost, C R 66, 891 

• V Meyer, B 12 1112 

• Mensohing a Meyer, B 19, 3296 

»• Ludwig ^ 1, 232 “V Meyer, B IS, 400 

B 16, 2778 (mean of 5 experiments) 

•• DerUle a Troost, C R 49, 239 
a. Meyer, Z P C 4, 249 
D a. T C jR 66 891 “ Id. !.«. 

*• Mitsoherlioh, A 12, 169 

•“Bilt* a. Meyer, Z (7 4, 249 

»» Mitsoherlioh, Jc. »• V Meyer B 18, 406 


*• Crafts, C B 90 183 - « •* DevUle a. Troost / & 

•• V Meyer, B 13 1107, 1110 (mean of 6 experiments) 

•• Dumas, A Ch [2] 38, 337 “ Mitsoherlioh, I c 

** Bineau, C R. 49, 799 

•» V Meyer , & Meier a. Crafts, B 18, 868 (mean of 7 ex 
periments) 

•• Dumas, Ic Deville a Troost, Ic. 

•* V Meyer, B 18, 896 '“Troost, C R 96, 80 

" V Meyer, B 18 1115 •• Id. 18, 1010 

•• Deville a Troost, I c. 

Bilta a. Meyer {Z P 0 4 , 249) have obtained values 
which point to a mol w for phosphorus between P^and P„ 
for bismuth between Bi, and Bi, and for thallium as Ti, at 
very high temperatures 


The following table presents a summary of the atomic weights of the elements and of the 
avidenoe upon which each value is based — 
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Notss to Tabu of Atomic Weights 
A As the method based on isomorphism of 
oomponndg is chiefly used as a means of verify* 
mg values assigned to atomic weights by other 
methods, no numbers are given in column IV , 
but merely an indication of the various com- 
pounds which have been compared crystallo 
graphically, and on which arguments for or 
against a given value for the atomic weights m 
column V have been, or may be, based 

B This column (VI ) is not to be regarded 
as containing anything hke a complete summary 
of the processes employed for determmmg the 
combining weights of the elements, only the 
more important processes are indicated — 
references are given to the original papers 

By combining weight is here meant the 
smallest mass of th^ element which combmes 
with 8 parts by weight of oxygen, 1 part of 
hydrogen, or 35 5 parts of chlorine 

A complete account of all researches on this 
subject will be found in A Recalculation of the 
Atomic Weights, by F W Clarke [Part v of the 
Constants of Nature published by the Smith 
soman Institution], and also in Die A tomgewwhte 
der Elcmcnte, by L Meyer and K Seubert 
[Leipzig, 1883] 

0 When the atomic weight given in column 
V section (2) is a multiple of the combining 
weight m column VII , no number being given 
in section (1) of column V , it is to be inferred 
that, besides the argument drawn from the value 
of the specific heat of the element in question, 
there are other chemical reasons for adopting 
the special multiple which appears in V (2) , 
these reasons may be broadly described as based 
on analogies between salts of the given element 
and salts of other elements the atomic weights 
of which have been established by the two 
leading physical methods M M P M 

ATOMICITY Term used to denote number 
of atoms in any specified gaseous molecule, 
usually in the molecule of an element 

ATOMIC VOLUMES v Puybical Methops, 
sect VoLTJMETRICAIi 

ATEACTYLIC ACID C3„H*,S,0„ Potassium 
atractylate KgA'" occurs in the root of Atractyl^ 
gummifera, from which it may be extracted by 
boiling 70 p 0 alcohol (Lefranc, Bl [2] 11, 499 , 
J Ph [4] 9, 81 , 10, 825 , 17, 187, 263 , C R 
67, 964, 76, 438) Boiling potash hydrolyses it, 
forming valeric acid and so called (A) atractylic 
acid, CaoHjeSaOig, which is further split up into 
H^SO^, valeric acid and atractylin 

ATBACTYLINC2„H,„0„ From ‘(E) atractylic 
acid ’ by boiling with aqueous KOH White 
gummy substance, with sweet taste, v sol 
water and alcohol, insol ether and aqueous 
NaCl Forms a violet red solution in warm 
HjSO^ Boilmg KOH forms atractyhgenin 
and a saccharme substance 

ATBAIEOEIC ACID [190°-194°] 

Extracted by ether from certain lichens {Lecanora 
atroy Stereocaulonvesuviamum,Cladoniarangi- 

n Tnmetno crystals , ab c = l 898 306 , 
alcohol, cold ether, and benzene , 
m sol hot benzene, sol alkalis forming 
a yellow solution Heated with water in a 
sealed tube it splits up into atranormic acid, 
and atraric acid, (Patemb, 


O 9, 279. 10, 157, 12, 256, CSoppola, <7. 
12. 19) 

ATEAKOBnriC ACID rioi°] 

Formed by heating atranono acid (o v) with 
water Needles, m sol water, sol alcohol and 
ether Its alkaline solutions are yellow Its 
aqueous solutions give a green pp with AgNO„ 
a brownish green colour with Fe^jCl,, and a 
blood red colour with bleaohmg powder (Patemd, 
Q 12,256) 

ATBAEIC ACTD 0,oH,.Oa [141®] Pro 
duced by heating atranono acid with water 
(Patem6, O 12, 257) Iridescent lommas, si sol 
water, m sol alcohol and ether Its alkahne solu- 
tions are colourless It gives a brownish pp 
with AgNOg and no colour with FejCla 

ATKIPAlC ACID C^H^O.^baq [98® when 
hydrated] An acid obtained from the sugar 
cane (Savary, C C 1884, 968) 

Ethyl ether 

ATEOGLYCEEIC ACID i e 

CH (OH) CPh(OH) CO^H [146®] oB Di oxy- 
a phenyl propionic acid From a-B di bromo o- 
phenyl propionic acid and excess of alkali (Kast, 
A 206, 30) Crystalline aggregates, sol water 
and ether Salts — CaA'^ — BaA'^ 

Nitrile CH,OH CPh(OH) CN [57®] From 
benzoyl carbmol and HGN (Pldohl a Blumlein, 
B 16, 1292) 

ATEOLACTIC ACID v a OxY-a PHENYii peo- 

PIONIO Acn> 

ATEOLACTYX TEOPEINE CHH^NOCgH^Oj. 

Pseudo atropine [121°] Crystalline solid Very 
similar in physiological action to atropine 
Formed by the action of dilute HCl on tropine 
atrolactate 

Salts— Mostly soluble — BUClAuCl, spa 
rmgly soluble tables The pic rate also forms 
sparingly soluble tables (Ladenburg a Both, 
B 16, 1027 , A 217, 87) 

yCKr-CR 

ATE0™C,.H,.*e 

Phenyl naphthalene dihydnde (326° i V ) 
Formed, together with atronic acid, by the dry 
distillation of («) or (/3) iso atropic acid (Fittig, A 
206, 51) Liquid Chromic acid oxidises it to 
o benzoyl benzoic acid 

Atronene sulphonic acid CigHuSOgH [130®]. 
Needles, v sol water — BaA'j.-~CaA' 32 aq 
ATEONIC ACID C^,Hu02 

(?) Phenyl naphthaUnt 

di hydride carboxylic acid (?) [164°] Formed, 

together with atronene by the dry distillation 
of (a)- or (B) iso atropio acid (Fittig, A 206, 
46) Prisms , insol water, sol alcohol and 
glacial HO Ac Salts — Ca A', 6aq — Ba A'« 4aq 
Iso-atronic acid Cj^HuO^ [167®] Obtained 
by heating (o) , or (j8) , iso atropio acid with 
cone H^SO, (Fittig, A 206, 86) Leaflets, insoL 
water, sol alcohol, ether, and glacial HOAo. 
Salts — CaA'j — BaA'^baq 
ATEONYLENE SULPHONIC ACID 
C,eH,iSO,H [c 268°] Formed by heating 
(o)-, or (B) t ISO atropic acid or iso atronic acid 
with 9 pts oono H.;S 04 at 90® (Fittig, A 206, 
60) Pnsms (from ^ p c acetic ttcidT Insol 
water, v sol alcohoL The aqueous solutions of 
Its salts when exposed to sunlight deposit small 
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neodlM of atronyl sulphone C,hH,oSO^ 
[193'n 

ATEOPIC ACID C AO, CH^ CPh 00, H 

^ Phenyl • acrylic acid M w 148 [107®] 

0503°) at 75 mm S 144 at 19° 

Formation * — 1 Byboilmgatropinewithbarjta 
(Richter, J pr 11, 83 , Kraut, A 128,282 , Fittig 
a Wurster,^ 195, 147)— 2 By heatmg atropine 
with fuming HCl at 120° (Lossen, A 138, 230) 
8 By the action of HCl on ethyl tropio aoid, 
CH^ CPh(OEt) CO ja, obtained from aoetophen 
one chloride by alcoholic KCN and saponifica- 
tion (Ladenburg a Bugheimer, B 13, 2041) — 
4 By action of boiling NaOH upon o chloro $ 
phenyl propionic acid which is formed by the 
action of HCl upon acetophenone cyanhydrin or 
by heating a oxy a phenyl propionic acid with 
saturated HClAq at 130^ (Spiegel, B 14, 237 , 
1354) 

Properties — Needles (from water) or mono 
clinic prisms (from alcohol) , v sol CS, 

Reactions — 1 Chromic acid mixture forms 
benzoic acid — 2 Potash fusion forms phenyl 
acetic acid — 3 Sodium amalgam reduces it to 
a phenyl propionic acid — 4 Fuming HCl forms 

0 chloro o phenyl propionic acid, which is con- 
verted by aqueous Na^COg at 120° into tropic 
acid, CH,(OH) CPhH CO2H — 6 ClOH forms 
chloro tropic acid CH,(OH) CPhCl CO,H 
(Ladenburg a Rugheimer, B 13, 376) — b Cold 
cone HBr\q forms both o , and /3 , bromo o 
phenyl propionic acid , at 100^ it forms only 

1 bromo a phenyl propionic acid — 7 Bromine 
forms CH,Br CPhBr CO,H 

Salts — Neutral atropates are not ppd by 
manganous salts (difference from oinnamates) — 
CaA', 5aq (K ) — CaA'^ 2aq (L ) 

(a) Iso-atropio acid C,8H,g04 (?) [237°] 
Preparation — (a) , and (/3) , isoatropic acids 
are both formed when atropio acid is heated 
alone or with water , they mav be separated by 
crystallisation from 60 p c acetic acid 

Properties — Crystalline aggiegates, si sol 
boilmg water, sol alcohol Chromic acid gives 
anthraqumone and o benzoyl benzoic acid 
V also Atbonene, Atbonic acid, and Atbonylene 

SDLPHONIC AOID 

Salts — CaA"2aq — BaA"2^aq 
Ethyl cf Aer Et A" (180°) 

(0) iBo-atropio acid CigH^O^ [206°] Rect 
angular tables (from water) More soluble in 
water, alcohol, and HOAc than the (a) acid 
Gives the same reactions as the (a) acid 

Salts —CaA" 3aq (Fittig,^ 206,34, B 12, 
1739 , compare R Meyer, A 219, 290) 
ATROPINE C, i e 

CH,OH.CPhH CO O CH, CH, OA^Me 
Daturine [114°] S 33 

Occurrence — Together with hyoscyamine in 
all parts of Atropa belladonna (Geiger a Hesse, 
A 6, 48, 6, 44, Mem, A 6, 67), and in the 
seeds of Datura stramonium (Geyger, A 7, 272 , 
Planta, -4 74,245) 

Formation — Crystallme tropme tropate has 
no action on the eyes, but when treated with 
dehydrating agents, such as ZnCl,, Ac^O, or 
HCl, atrupise is formed It is best to evaporate 
frequenuy with very dilute HCQ at 100° 
(La^burg, A 217, 78, B 12, 942, 13, 104, 


909 , C i? 90, 921) Tropme oontams hydroxyl 
which IS etherified by tropio acid 

OH,(OH) OPhH OO.H+HO OEL.CH,*O.H,NM«« 
OH,(OH) OPhH 00 0 OH^H^O.H,NMe+H 

Preparation — Dry belladonna leaves are di 
[ gested for three days with cold water, the extract 
18 evaporated, and after mixing with Na^CO, 
the syrupy liquid is agitated with benzene The 
benzene solution is decanted off and shaken 
with dilute sulphuric acid The acid liquid is 
rendered alkaline with Na^CO, and the solution 
agitated with chloroform , the extract is filtered 
and, after addition of light petroleum, allowed to 
evaporate spontaneously, when the atropine 
separates out first, the mother liquors containing 
another alkaloid (Pesci, O 10, 426) 

Properties — Needles (from dilute alcohol) 
SI sol water , v sol alqphol, and chloroform, 
m sol ether The solutions are alkaline to 
test paper, and taste bitter Its salts enlarge 
the pupil of the eye 05 to 2 g is a fatal dose 
Three drops of a 1 pc solution of (artificial) 
atropine enlarges the pupil to the maximum 
extent Atropine overcomes the stoppage of 
the heart’s action produced by muscarme 

Reactions — 1 When evaporated to dryness 
^ith fuming HNO), a residue is left which is 
turned violet by alcoholic KOH — 2 Chromic 
acid mixture forms benzoic acid — 3 A solution 
in HCl gives with gold chloride an oily pp that 
quickly changes to lustreless crystals which 
melt under water or, when dry, at 13b° — 
4 Tannin gives, in very dilute neutral solutions 
a white pp , sol HCl — 5 Potassio mercuric 
iodide gives a white cheesy pp — 6 I m KI 
gives a brown oil which solidifies after some 
time — 7 Picric acid gives, in somewhat dilute 
acid solutions, a crystalline pp — 8 Cone H^SO, 
gives, on warming, a pleasant odour —9 Cya 
nogen gas passed into an alcoholic solution 
gives, after some time, a red colour — 10 Chlo 
ride of iodine forms a dark yellow pp , sol on 
warming, and separating out on cooling in 
brown crystals (Dittmar, B 18, 1612) —11 De 
composed by hot baryta water or cold cono 
HCl into tropic acid and tropme (Kraut, A 
128, 280 , 133, 87 , 148, 240 , Lossen, A 138, 
230) — 12 Hot cono HClAq at 120° gives 
tropme, tropic acid, atropic acid, iso atropic acids, 
and (at 180°) tropidme — 13 With NaNO„ 
H2SO4, and subsequently NaOH a violet colour 
18 developed — 14 Glacial HOAc and H2SO4 
produce on prolonged warming a greenish yellow 
fluorescence (Fluckiger, Ph [3] 16, 800) — 
15 H2SO4 and KCIO, give a greenish-blue colour 
(Vitah, Ph [8] 12, 459) 

Salts -B'HAuOl4 [186°~187°] — B'APtCl, 
[208°]— B'HC12HgCl2 (Gerrard, Fr 24, 601) 
B'HIIj brown prisms (JSrgensen, Z 6, 673) — 
BHII4 — B'AS04 needles, got by adding an 
ethereal solution to an iJcoholio solution of 
H2SO4 Valerate B'CAA^aq [42°] (CaU 
mann, J pr 76, 69) 

Additional References — Gunther, J 1860, 
781 , Fr 8, 476 , Lefort, Ph fS] 2, 1029 , C C 
1873, 797, Brunner, B 6, 9o, Newark, 0 C 
1872, 586 , Gulielmo, Fr 2, 404 , Ludwig, At* 
Ph [2] 107, 129 , Sohmidt, A 208, 196 

E thv I atropine Formed by 

aetion 01 Ag,0 on its hyorioaide, B^HI, obtained 
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by heating atropine with EtI at 100^ (Loseen, 
A. 188, 289) A syrnp, soL water 

Apoatropine 0,^,N0, [60®-62°] Formed 
by treating atropine with HNO, (Pesoi, G 11, 
688 , 12, 60) Pnsms , si sol water, v e sol 
alcohol Decomposed by baryta water at 100® 
mto tropine and atropic acid Does not enlarge 
the pupil Salts — B'HAaOl4 [180®] amor- 
phous —B'HjSO. 6aq 

Pseudo-atropine v Ateolacttl tropeinb 
Hydro-apo atropine 

CH, OHPh CO 0 CHj OH, O^H.NMe Prepared 
by the action of nascent hydrogen on apo 
atropine (Pesci, Atta d Acad dei Lincet, 6, 329) 
Oil Decomposed by baryta water at 100® into 
o phenyl propionic acid and tropine Forms 
a crystallme compound with HgOl, Neutral 
KMn04 oxidises it to ‘homo apo atropine* 
CjgBLjjNO,, an alkaline oil which forms the 
following salts B'gCO,, B'jHjPtClg, B'HAuCl4, 
B'3H,S04 icaq, B'gH^PdCl, , its hydrochloride 
gives white pps with tannin, Mayer’s reagent, 
and HgCl, , and it gives a blood red colour 
with fuming HNO, , heated with baryta water it 
gives a phenyl propionic acid and tropigemne 
(Pesci, O 12, 285, 329 , Merling, B 15, 289) 
Homo atropme v I*hentlglyoolyl tropeinb 
Meta atropine v Tropine 
ATROPYL TROPElNE C.^H^NO, Anhydro- 


atropine Obtamed by heating tropine hydro- 
chloride with atropic acid and HCl (Ladenburg, 
A 217, 102, B 13, 1086) Oil— B'HAuCl4 
small needles 

ATEOXINDOLE v o Amido a phenyl propi- 
onic ACID, p 179 

ATJEANTHN C3,H,40.2 4aq [171®] S 33 
[a] j =» — 64 67® A glucoside in the flowers of 
Citrus decumana (E Hoffmann, B 9, 691) 
Yellow monoclmic prisms Bitter taste Gives 
a brownish red colour with FejClg 

AUBATES Auric hydroxide AU2O4H, 
(-« AujOj H2O) reacts with HNOaAq to form the 
compound Au(NOj)8 HNO, SHjO , from this seve 
ral basic nitrates and one 01 two sulphates of gold 
may be produced (Schottlander, A 217, 312) 
But AujOg H,0 also dissolves in KOHAq, and on 
evaporation at a gentle heat and finally in vacuo, 
crystals are obtained, which when dissolved m 
water, recrystallised, drained, and dried in vacuo, 
are said to have the composition Au^O, K,0 SH^O 
( = AU2O4K3 3H3O) Aurate of potassium is very 
soluble in water, forming an alkahne hquid 
which is easily decomposed by organic com 
pounds and by heat , the solution gives pps 
with solutions of various metallic salts, e g CuCl„ 
these pps are said to be aurates, but very httle 
Is known about their composition An aurate of 
ammonium of indefinite composition, known as 
fulminating gold, is formed by pptg a solution 
of a gold salt by excess of NH,Aq, and boilmg 
m NHgAq , or by digesting Au^OjH^O m 
(NH4)2S04Aq (Fremy, A Ch [3], 31, 480, 
Figuier, id l3] 11, 841) M M P M 

AITEIO ACID The hydrated oxide of gold 
Au^OgHjO IS sometimes called aunc acid because 
of itssalt-fonmng reactions with alkahs {v supra) 
This compound is best prepared by adding 
MaOHAq to very dilute AuClgAq, in the ratio 
8NaOH AnOl,, (the Au01,Aq should be prepared 
in about the ratio AuCl, 8OOH3O) , warming till 
the liquid is dark brown, adding Na2S04Aq, 


allowing pp to settle, washing repeatedly by 
decantation, and then on a filter, until the 
washings are free from H!3S04 and HOI , hoiling 
pp with cone HNO,Aq , and agam washing free 
from acid (Thomsen, Th 8, 891) According to 
Kruss {B 19, 2546), Au,0, 1^0 is better prepared 
from AUjOlflAq by ppg with magnesia alba, 
boihng with dilute HNO,Aq, washmg with water, 
and drying over PjOj AujO, H^O is easily 
soluble in HBrAq and HClAq, with production 
of much heat, and formation of AuOl4HAq and 
AuBr4HAq respectively (v Gold) M ^ P M 

AITBINE 17 Bosolio acid 

ADSTBALENE v Tuepbntinb oil. 

AXIN V Agb, p 87 

AZAMXOKIUM COMFOTJHDS Compounds 

obtamed by oxidising mono alkylated 0 amido 
azo compounds, or by heating azimido com 
pounds with alkyl iodides followed by moist 
Ag 0 (Zmeke a Lawson, B 20, 1173) Thus 
CjHj N N CjoHg NH C^Hj gives, on oxidation 
with chromic acid, C^HpNsO which might be 
expected to have the formula 

.N(OH) CA 

CA<I\ 

\n— N C A 

naphthalene - di - phenyl - azammonium hy 
drate 


^(OH) OA 

OAAOH le 0 ,oH8<;; |\ (?) 

\n n 0 a 

The chromate is obtamed by the oxidation 
of benzene azo - phenyl - (/B) • naphthylamme 

N CA 

CiA\ I (?) with KjjOrgO, and acetic 

\n nhca 

acid It IS converted mto the chlonde by boil 
mg with alcohol and HCl till all the chromic 
acid IS reduced The hydrate is obtamed 
from the chloride by AgjO Its solution has a 
greenish fluorescence, is strongly alkaline, and 
tastes bitter , it decomposes on evaporation 
Salts — Like the base, they have a greenish 
fluorescence in aqueous and alcoholic solution, 
and a bitter taste — Cj^HiaNjCl ghstenmg 
prisms, v sol alcohol, less in water , it forms 
sparingly soluble double chlorides with SnCK, 
ZnCi,, HgCl,, &o— (C32H,eN,Cl)3PtCl4 si sol 
crystalline pp — Oy2H,gN8,HSO, glistening 
transparent needles or prisms, v sol hot alco 
hoi, sl sol cold water — C^^HjaNgNO, long 
flat ghstenmg needles, v sol hot alcohol, sl 
sol water — (C^HjaNgJaCrjOy long yellow 
needles, sol acetic acid, v sl sol water — 
’‘(C,,H,8 Ns)CA(N 02)80 [243®] , small yellow 
needles, v sl sol water (Zincke a Lawson, B 
20, 1172) 

AZABOKE C, A«0, [69®] (296®) S G 
1 165 , 1 0748 Obtamed by disUllmg the 

rhizomes of Azeurum eu/ropcBum with steam 
(Boutl6ro£f a Rizza, Bl [2] 43, 114) White 
crystallme body, sl sol water, sol alcohol, 
ether CCI4, and acetic acid Combmes with Bt, 
forming GjjHjaBrjOj 
AZADBOLIC ACIDS 

Ethyl asaurolie acid 02H4N^O [142®] From 
ethyl mtrolic acid (2 g ) by the action of water 
and sodium amalgam The yield ( 26 g) is bad 
Formed also by reducing di-mt^ ethane 
(Y Meyer a Ckmstam, A 214,880, B 14,1466) 
Properties — Orange red pn»xui (from ale<K 
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AZAUROLIC ACIDS 


hoi) M sol hot alcohol, tl sol ether, v sh sol 
water, chloroform, benzene or hght petroleum 
Alkalis form a deep orange solution At 142° it 
melts, with decomposition, leaving a liquid 
which, after solidifying, melts again at 133° 
Reactions — 1 Ammoniacal solution gives 
with AgNO, a brown pp , and with salts of Zn or 
Pb, yellow pps A solution of the ammonium salt 
deposits, on evaporation, needles of the free acid 
2 Heatf dilute acidSy nascent hydrogen^ and 
ammonia all convert it into ethyl leucazone 
2CjH,NaO + H,0 - C,H,N,0 + 0 + NH3O the oxy 
gen converting another portion of ethyl azaurolic 
acid into acetic acid, N, and NjO — 3 KgCr^O, 
and H 80^ give acetic acid and CO2 

Constitution — Its formation from ethyl 

nitrohc acid indicates the group MeC<^^, and 

the presence of Me C is shown by the production 
of acetic acid on oxidation Ethyl azaurolic 

acid would then be Me CH<;^^^0 or, more 

probably, MeCH(NO) N N CH(NO)Me or perhaps 
MeC(NO) N NH CMe NOH 

Ethyl leucazone C^H,NsO [158°] Formed 
together with nitrogen, N^O, and hydroxylamine 
by heating ethyl azaurolic acid with dilute HCl 
(M a 0) Satiny needles Reddens litmus 
Combines with acids, bases, and salts V sol 
alcohol or water, msol ether Its aqueous solu 
tion IS turned red by Fe^Clg and oxidised to 
acetic acid by K^CrgO, and HjSO^ 

Salts —BjHjSO^ [1015°], prisms, sol 
ordinary (90 per cent ) alcohol — Ba(C4H0N8O)2 
— C^HjN^OAgNO, 

Propyl azaurolic acid CaH^NjO [127 5°] 
From propyl nitrolio acid by sodium amalgam 
A2ELAIC ACIDS 
n Azelaic acid 

co^ cHa 0H2 ca, CH, CH, ca, ca, co,a 

tll8°] Formed by reducing butyro furonic 
acid with ai and P (Tonnies, B 12, 1200) 
Slender needles (from chloroform) 

AzelaXo acid C„H,304 Anchoic acid Lep 
argylic acid Mol w 188 [10b°] (above 

860^ S 108 at 12° , 8 (ether) 1 88 at 11° 
Formation — 1 By the oxidising action of 
HNO, upon Chinese wax (Buckton, C J 10, 
1661, cork, oleic acid (Laurent, A Ch [2] 66, 
154), cocoa nut oil (Wirz, A 104, 265), castor 
oil (Arppe, A 120, 288 , Ganttner a Hell, B 
14, 560, 154o), and ennmoic acid (Krafft, B 11, 
1415) — 2 From oleic and KMn04Aq (Saytzeff, 
/ pr [2] 33, 301) 

Preparation —Castor oil is oxidised by HNO, 
(S G 1 25) Heptoic acid is distilled off with 
steam, and the hot residual hquor poured off 
from a heavy nitrogenous oil On cooling, 
suberic and azelaic acids crystallise Pure 
suberic acid is got by washmg the mixed acids 
with ether, which dissolves azehffo acid as well 
as oily impurities The ether is evaporated, 
the residue dissolved m boiling water and NaCl 
added. Oily matter then separates and azelaic 
acid crystallises from the bnne (Dale a. Schor 
lemmer, C J 86, 684 , cf Gkinttner a. Hell, B 
14, 1645) 

Properties — Large thm plates, not volatile 
with steam Sol water, alcohol, and ether 
Nitric Odd oxidises it to suoomic acid. It does 
J 30 t give a homologue of snberone when distilled 


with slaked hme, hence its constitution is pro* 
bably not analogous to that of the homologous 
subeno acid 

Balts — KjA" small plates — * K,A" 2aq 

needles — KHA" — KHjA*" — Na^A" aq soluble 
plates —Na,HA"j—(NH4)2A" large plates — 
(NH4)HA" — BaA' aq S 66 at 16° , 628 at 

100° — Sr A" aq — CaA" crystalline powder , S 
185 at 17° , 193 at 100° — MgA" 3aq — MnA" 3aq 
slender needles, 8 206 at 14°, 108 at 100° 
— NiA" 6aq — CoA" 6aq — ZnA" crystalhne 
pp , 8 026 at 12° — PbA" white pp , 8 006 
at 24° — Ag A" white pp , 8 0015 at 14° — 

CuA"— Fe(OH)A"2aq -CdA" 

Ethyl ether (260°) Decomposedon 

boiling 

AZIDINES Compounds related to hydra 
zines [q v) m the same way that amidmes are 
related to amines Thus the hydrochloride of 
phenyl hydrazine acting on a solution of benz 
inndo ether in absolute alcohol produces dark 
red needles of di phenyl benz azidine, 
Ph C(NH NPhH) N NPhH , while form imido 
ether gives, when similarly treated, di phenyl 
formazidine CH{NH NPhH) N NPhH [185°] 
(Pmner, B 17, 182, 2002) 


AZIMIDO- COMPOUNDS This term was 
originally applied by Griess {B 15, 1878) to the 
compounds obtained by the action of nitrous 
acid upon ortho diamines, which are probably 



Zincke {B 18, 3134) to compounds, probably of 
the form R"<^ ( p>NR', got by oxidising 0 amido 


azo compounds (hydrazimido compounds) The 
first formula may also be written 

which stands to ^^^<Cn^ 1 relation that 

diazobenzene anilide stands to a mixture of 
diazobenzene chloride and amhne 

Azunido-benzene CjHjN, ue C,H4<' ( >NH 
or CgH4<^^^^N [99°] From aqueous 0 


phenylene diamine sulphate and KNOj (Laden 
burg, B 9, 222) Needles (from benzene) 

Aziiiiido>mtro>benzene C3H4N4O2 1 e 

C.H.(NO,)<([j^]>NH or OA(NOJ<^J^ [211°] 

Formed by passing nitrous acid into a solution 
of nitro 0 phenylene diamme (Hofmann, Pr 10, 
496) Long white prisms, v sol alcohol and 
ether, si sol cold water Nitrous acid does not 
affect it, hence it does not contain NH2. 

Salts — C AKN4O2 - 03H2AgN40, Not 

affected by boihng HCl, or KOH 
Azimido toluene C^HfN, 


[83°] (328°) From aqueous tolylene-o>diamme 
sulphate and ENO, (L ) Prisms containing 
0^ (from toluene) V sol alcohol, m sol 
ether and boihng water Not affected by HClAq 
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ftt IdO^’ Salts — B'HCl decomposed by water 

Acetyl derivative C^H^AoN, [130®] 
Prom acetyl o tolylene diamine, HOI, and NaNO^ 
(Boessneck, B 19, 1758) Needles 

(/3) Asunido-benzoio acid le, 

CO,H or CO^ 

From the hydrochloride of di amido benzoic 
acid, CO,H CbH 3 (NF ,)2 [1 3 4] and KNO, (Gness, 
B 2, 436) Also by the action of boiling potash 
upon C,Hs(CO,H)(NO,)(NH CO NH,) [1 3 4] and 
upon CeH,(C 02 H){N 0 ,)(NH CO NH,) [1 4 3] 
(Gness, B 16, 1880) This seems to indicate 
the symmetrical formula Short needles, con 
taming water of crystalhsation , v si sol water 
Not attacked by warm fuming HNO 3 

( 7 ) Azimido benzdic acid Prepared similarly 
from CO H C 3 H 3 (NH 2 ), [1 2 3] Long hair like 
needles (G ) 

Azimido benzene r carboxylic ether CgHuNgO, 
.Nv /N CO^Et 

le OgHX I NNCO^Et or C^H/ 1 

[73®] From the hydrochloride of 0 amido phenyl 
carbamio ether and KNOj (Budolph, B 12, 
1295) 

Phenyl azimido naphthalene 


Fine white needles 


Soluble in hot acetic acid, spanngly m alcohol 
and benzene Formed by oxidation of benzene 
azo {$) naphthylamine with CrO, in acetic acid 
solution It IS not attacked by strong HjSO^, 
acetic anhydride, or reducmg agents (Zincke, B 
18, 3136) 

0 Oxy phenyl azimido-naphthalene 

c. I >N CgH,(OH) [12] [140°] White 

silky needles Easily soluble in alcohol and 
benzene Formed by oxidation of an alkaline 
solution of 0 oxy benzene azo ()3) naphthylamine 
with lead peroxide It is not attacked by strong 
H^SO^, acetic anhydride, acetyl chloride, or re- 
ducing agents (Z ) 

p Oxy-phenyl-azimido-naphthalene 

< Nv (l) (4) 

I \n CgH 4 (OH) [199°] Thick crystals 

or white needles Soluble in hot alcohol and 
hot acetic acid, sparmgly m benzene Formed 
by oxidation of an alkaline solution of p oxy 
benzene azo (jS) naphthylamine with lead per 
oxide It is not attacked by reducmg agents 
Acetyl derivative 

0,oH«< 1 0 ,H 4 ( 0 Ac) [166°], thm eilky 

plates (Z) 

Tolyl - azimido - toluene C,^H,jN, 

0,H,<^ I ^0,H, [12o“] V D = 7 23 (for 8 32) 

Formation — 1 By oxidation of p toluene 
o-azo p toluidme [1 4] C^H^Me OjHjMefNH^) 
[4 1 2] — 2 By heatmg the imide of o diazo- 
toluene azo toluene or by boiling its acetic acid 
aolation* N, being evolved — 8 Together with an 


amido phenol or diamine by reducing with SnCl, 

I the azo compounds obtamed by oombunng 
I o diazo toluene azo -toluene with phenols or 
amines (Zmoke a. Lawson, B 19, 1465 , 20, 
1178) 

Properties — Thin colourless plates Sol 
benzene, hot alcohol, and hot HOAo, Not 
attacked by hot Ac^O, cold HjSO^, or reducing 
agents 

AZINES Compounds of the type 

I Thus, phenazme may be repre- 

sented by the formula 

CH N CH 


HC/ 


\CH 

Hck^ 


^CH 




and the nomenclature of other azmes may be 
gathered from two examples (Hinsberg, B 20, 21) 
yN\ 

Phen naphthazmeC„H^<' | ^CigH,. 

Tola naphthazme C,HX I 

\]^y 

Derivatives of quinoxalme 
CH N 


CH N 

are called qumoxalmes, e g tolu quinoxahne 
,N— CH 

I II , and naphtho quinoxalme, 

\n-ch 

I /N— CH 

I !| 

\N— CH 

Formation — 1 From o diamines and o- 
quinones or o-di oxy compounds — 2 By oxida 
tion of a mixture of o diamine and phenols (e g 
(y3) naphthol) — 3 By boiling certain azo dye- 
stuffs, derived from secondary ammes, with 
dilute acids , e g sulpho benzene azo phenyl {$) 
naphthyl amine yields naphtho phenazme and 
sulphanilic acid C,H,(S 03 H) C„H, NHC A 

C,.H,<^>C.H. + C^,(S0.H)NH, (Witt, B 

20, 671) — 4 By fusing o quinones with ammo 
mum acetate, or by heatmg them with aloohoho 
NH, (Japp, O J 61, 100) 

Properties — Weak crystalhne bases , their 
salts bemg decomposed by water Beduoed by 

SnCl, to hydrides, * whence Pe^Cl, 

regenerates the original azme 

Azine-ammomum bases Compounds of the 

form I yY'^ They have also been called 

\NB(0H) 

Azomum bases (Witt, B 20, 1183), a term pre 
viously apphed by Fischer to quaternary hydra, 
sine ^rivativea. 
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AZINSUCCmiC ACID 


iLZXHsirccnrxo acid 

(C0^),0 A-N N O^E^iCO^H)^ CrystaUine 

•olid Very Boluble m water and alcohol Not 
deeompoBdd by acids or alkalis The ethers of 
this acid are obtained by the spontaneous de< 
composition of the ethers of diazosuccinic acid 
0 aH 3 Nj(C 02 R )2 on keeping, half the nitrogen 
l^ing evolved A’^Ba, sparingly soluble yel 
lowish white powder 

Tetra -methyl ether A’^^Me^ [150°], 

nlky white prisms , easily soluble in hot water 
and alcohol, sparingly in cold water, alcohol, 
and hot ether , not volatile with steam (Curtius 
a Koch, B 18 1299) 

AZO ANILINE v Amido benzene azo aniline 
under Azo compounds 

AZO BENZENE v Benzene azo-benzene 
under Azo compounds 

TEIAZO-BENZENE and its derivatives v 
Diazo benzene iMiDE and its derivatives 

AZO BENZOIC ACID v Carboxy benzene 
azo benzoic acid under Azo compounds 

AZO COLOUEINO MATTEES 

History — The senes of compounds composed 
under this class contains one or more diatomic 
groups N N linking together acid or basic aro 
matic radicles Of a very large number of azo 
compounds known to science only a certain pro 
portion are of technical value, and these are 
manufactured in large quantities owing to their 
importance as colouring matters The first 
azo compound introduced into commerce was 
the oxalate of amidoazobenzene (‘ aniline yel 
low,’ V benzene azo aniline), CgHj Nj C 8 H 4 NHj, 
manufactured m 1863 by the firm of Simpson, 
Maule & Nicholson, by the action of nitrous gas 
on aniline dissolved m alcohol Three years later 
triamidoazobenzene, NH^ N CgH,(NH 2 )j 
{v Amido benzene - azo - phenylene diamine 
under Azo compounds), was manufactured at 
Manchester and introduced under the name of 

* Manchester brown ’ (‘Bismarck brown,’ ‘ Pheny 
lene brown,’ ‘ Vesuvine ’) This compound was 
prepared by the action of nitrous acid upon m 
phenylene diamine In 1875 diamidoazobenzene, 
CflHj Nj CaH 5 (NH 2)2 {v Benzene azo phenylene 
diamine), was discovered independently by Caro 
and Witt {B 10, 213, 350) and introduced into 
commerce by the latter under the name of 

* ohrysoidme * These basic colouring matters 
were soon followed by acid azo compounds of 
greater technical value {B 10, 1378, 1609), and 
numerous patents have since that time been 
taken out, the general mode of preparation being 
similar in principle to that first employed in 
1870 by Kekul 6 and Hidegh {B 3, 233) These 
are the chief points in the industrial history of 
these compounds , the chemical history will be 
referred to under the mdividual compounds 
Azobenzene, C,H, N, {v Benzene azo ben 
sene), which may be regarded as the prototype 
of the azo compounds, has been known since 
1834 (Mitscherlich, A 12 , 311), but the industrial 
development of these products is largely due to 
the researches of Gness upon the diazo com 
pounds {A 106, 123 , 113, 201 , 117, 1 , 120, 
126 , 191, 257 , 187, 89) The theoretical views 
which have lad to the adoption of the formulas 
at present generally received have been deve- 
lop^ chiefly by Kekul4 {Z 1866, 2 , 809, 689) 

S'onmt%on—\ Compounds of the azoben 


zene type are produced by the action of mild 
reducmg agents, such as alcoholic potash, alco 
holic EOH and zinc dust, iron and acetic acid, 
or sodium stanmte, upon the corresponding nitro 
bodies 2CeH.N0,-H4Hj»0eH5NjC,H5 + 4H2 0 
2 By the oxidation of the corresponding 
amido-denvatives by potassium permanganate, 
bleaching powder, chromic acid, hydric peroxide, 
&c , thus 2C,E, NH, -f- O 2 = N, C A + 2 H 2 O 

(Glaser, Z [2] 2, 308) This method is applicable 
to the Bulphonic acids and other derivatives of the 
amido compounds 20 aH 3 (CH 3 )HS 0 , NH 2 + Oj* 
N 2 (C«H 3 CHs HSO,)o + 2 H 2 O [illustrating the 
production of azotoluenedisulphonic acid from 
toluidmesulphonic acid , Kornatzki, A 221, 179] 
8 By the action of ethyldiohloramine 
(Tscherniak, B 9, 147) upon certain aromatic 
aminea(c gp toluidine) 20,11, NHj + C NCI, =» 
CH3NH2HC1 + HC1 + C,H,N 2 C,H, (Pierson a 
Heumann, B 16, 1048) 

4 By the action of nitroso compounds upon 
amines and phenols CgHj NO + H^N 

Nj CgHj + H O (production of azobenzene 
from nitrosobenzene and aniline , Baeyer, B 7, 
1638) Similarly HO NO + H^N C H, = 
HO C^H^ Ng CflHj + Hp (production of benzene 
azophenol from nitrosophenol and aniline , Ki 
mich, B 8, 1026) According to Henriques, 
substituted amidoazo compounds are produced 
by the action of ethyl 8 naphthylnitrosamine 
upon aniline, &c N(C,„H,)Et NO + HN C^Hj- 
N(C,oH,)Et(N 2 C,H,)+HO The diazo com 
pound immediately becomes transformed into 
the isomeric benzeneazo ethyl $ naphthyl amine, 
C„H,NjC,oH,NHEt {B 17,2668, v also 0 N 
Witt, B 10, 1309) Amidoazobenzene reacts 
in a similar manner with the same nitrosamme 
forming CeH^ N^ C^H^ C,oH« NH Et 

6 From azoxy compounds by intramolecular 
transposition, such as the formation of oxy 
azobenzene (benzene azo phenol) by warming 
azoxybenzene with strong sulphuric acid 

c‘h' oh (WaUaoh a Belli, 

B 13, 625) 

6 By the action of phenylhydrazine upon the 
naphthoquinones Ci^HgOa + H^N NH CgH, m 

CioH8<Cn— NH C H naphthoqm 

nonehydrazide then undergoes intramolecular 
transposition with the formation of an azo 
compound HO CjoHb N N CeHg The compound 
thus obtained from (a) naphthoquinone is iden- 
tical with benzene azo - (a) naphthol, while 
(/3) naphthoquinone gives a compound which is 
isomenc and not identical with benzene azo (8)- 
naphihol (Zincke a Bmdewald, B 17, 3026) 
Preparation — The method m general use for 
the preparation of azo colours is that depending 
upon the readiness with which diazo compounds 
react with amines and phenols In practice it 
18 not necessary to isolate the diazo salt, but tlie 
amido compound which is to be converted mto 
a diazo salt is treated with the necessary quan- 
tity of sodium mtrite and acid to diazotise the 
NH^ group, and the solution of the diazo salt is 
then mixed with the solution of the amine in 
acid or the phenol dissolved in alkali Dunng 
the process of diazotising, the solution oontam 
ing the amido compound must be kept well 
cooled, as the diazo salts are very unstable, 
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Mpeeiftlly in aqueous solution Most aromatic 
amido- compounds lend themselves to this re< 
action, the azo colours of commerce bemg pro- 
duced by the action of diazotised amines, 
anudo sulphomc acids, or amido carboxyho acids, 
upon amines, phenols, amido sulphomc and 
oxy sulphomc acids A selection of typical re 
actions illustrating the formation of these com 
pounds by the present method may be here 
conveniently discussed 

(a) When a salt of diazobenzene acts upon 
aniline the first product of the reaction is 
always diazobenzeneam]ide(diazoamidobeiizene) 

Nj Cl + NHj = N, NH + HCl 
The latter compound was first produced by the 
action of nitrous gas upon aniline dissolved in 
cold alcohol (Griess, A 121, 258) When allowed 
to stand in the presence of aniline and aniline 
hydrochloride, or whjn acted upon by hydro 
chloric acid or unstable metallic chlorides m 
the cold, the diazobenzeneamlide is slowly 
converted into the isomenc amidoazobenzene, 
CgHj Nj C«H4 NH2 This last compound is manu 
factured on a commercial scale for the prepa 
ration of other azo colours and the indulmes 
(q v) In the case of other amines in which 
the para position with respect to the NHj group 
is open (or the ortho position m the naphtha 
lene senes), the transformation of diazo into 
amidoazo compounds takes place with great 
readiness Thus, by the action of nitrous acid 
upon 0 and m toluidme, m xylidme and the 
naphthylamines, amidoazo compounds are at 
once formed 

(b) The salts of the aromatic diazo com 

pounds react with primary and secondary mon 
amines, but not with tertiary monamines of the 
fatty series The resulting products are diazo- 
compounds, such as Nj NH C^Hj (diazo 
benzene ethylamide) and Nj N(CH3)2 

(diazobenzenedimetnylamide) The diazo com 
pounds of this class do not furnish isomeric 
azo compounds (Baeyer and Jager, B 8, 148) 
True azo compounds of a mixed aromatic and 
fatty type are produced by the action of diazo 
compounds upon the sodium derivatives of 
mtro hydrocarbons of the fatty series, e g 

N2 NO, + NaC^H, NO^ - 
N2 O2H4 NO^ + NaNO, 

(formation of benzeneazomtroethane, V Meyer 
and pupils, B 8, 761, 1073, 1078 , 9, 384 , 12, 
2285) 

(c) Diazo compounds always furnish true azo 
compounds with secondary and tertiary aro 
matic monamines, such as OgH, Nj NMoa 
(benzene-azo dimethylaniline) by the action of 
diazobenzene upon dimethylaniline (Gness, B 
10,528),andCgH, Nj CgH^ NH CgH, (benzene azo 
diphenylamme) by the action of diazobenzene 
upon diphenylamme (Witt, B 12, 269, and O J 
86, 185) 

{d) The action of diazo compounds upon 
aromatic diamines is typified by the action of 
diazobenzene chloride upon m diamidobenzene 
to produce ohrysoidme CgH, Ng Cl + CaH4(NH2), 
= C„H, N2.GgH,(NH2)2 HCl Nitrous acid gives 
with ortho-diannnes a class of substances termed 
by Gness azimido- compounds 

O.H.(NHJ, + HNO, =. 0^,<§>NH + 2 OH, 
(Hofmann, A 116, 249 , Ladenburg, B 11,819, | 


Rudolph, B 12, 1296, Grieis, B 16, 1878; 
Metadiamines give under the same oiroum- 
stanoes compounds of the type of tnanudoazo- 
benzene (Bismarck brown)20gH4(NH2), + HNO,— 
(NH2)CgH4N2CgH,(NH2)a + 2H20(Caro a. Gnesa 
^ 1867, 278) By acting with an excess of 
BnSf02 upon p and m CgH^CNHjU in acid 
solution with suitable precautions both these 
diamines can be diazotised and give azo- colours 
when combined with phenols (Gness, B 17, 607 
and 19, 317) 

(s) The formation of azo colours from diazo- 
compounds and phenols as illustrative of the 
general method of technical production is shown 
by the following typical examples C^H, N, NO, 
-f- C,H, ONa = CgH, N, C^H, OH + NaNO, 
(benzeneazophenol from diazobenzene nitrate 
and sodium phenate Kekul6 and Hidegh, B 
3, 233} By a similar reaction would bo formed 
such compounds as benzeneazoresorcin, 
CgHs N2 CgH3(OH) (Typke,B 10, 1576), benzene- 
azo (a) naphthol, CgHj Nj Cj<,Hg OHa, &c (ibid, 
1680) Azosulphonic acids are formed by the 
action of diazosulphonic acids upon phenols, or 
by the action of diazo salts upon phenolsulphonio 
acids, thus, for example, p sulphobenzene- 
azo /3 naphthol (Poirrier’s ‘ Orange No II ’), 
HSOj CgH, Nj CjgHg OH;8 from diazo benzene 
sulphomc acid and sodium (J3) naphtholate , 
benzene azo (8) naphthol disulphomo acid, 
CgHj N2 C,oH4(HSOa)2 OHj3 from diazobenzene 
and (J3) naphthol sodium disulphonate (‘ Orange 
G,’ Meister, Lucius a Brumng), or p sulpho- 
benzene azo (/3) naphthol disulphomo acid, 
HSO, CgH^ N2 C,oH 4(HS03)-, OH8from diazotised 
Bulphamlic acid and (jS) naphtholdisulphonio acid 
sodium salt (Meldola, B 13, 942) 

Classification and Nomenclature — Azo com- 
pounds may be described as primary, secondary, 
tertiary, &c according as they contain 1, 2, 3, 
<fcc Nj groups The modes of formation above 
described have been illustrated by reference to 
primary azo compounds, all of which (with the 
exception of the mixed aromatic and fatty com- 
pounds) may be regarded as derivatives of 
azobenzene, CgHj Nj CgHg, benzeneazonaphtha- 
lene, C^H^ Ng C,oH, and azonaphthalene, 
CjgH, N2 C,oH„ or generally, in the case of 
phenolic azo compounds, as R Nj Pi, where R 
may stand for C^Hg, C,gH,, C^H^ HSO„ C^H, NO^, 
Ac, and PI for C^H^ OH, C,„Hg OH, 
C,gHg(HS03)OH, &o It will be found convenient 
to write the formulas of azo compounds so as to 
represent the order of introduction of the 
radicles Thus, CgHj Nj CgH^ OH indicates the 
product from diazobenzene and phenol, and 
would be described as benzene azo phenol , 
CgH4(HS03)N2 CigHg OHa is p sulphobenzene- 
azo (a) naphthol, obtained by the action of 
diazotised sulphamhc acid upon (a) naphthol< 
while CgHg N, C,oHa(HS08)OHa is the isomeric 
benzene azo - (a) - naphtholmonosulphonio acid 
obtained by the action of diazobenzene upon 
(a) naphtholmonosulphonio acid The same 
rules may be followed with the more comphoated 
types of azo compounds, thus, for mstanoe 
CgHs Nj OgH4 N2 OgHjjOHL, benzeneazobenzene* 
azoresoroin obtamed by tne action of diazotised 
amidoazobenzene upon resorom , m like znanner 
0,H, N,.C,H, N, C,]^(OH)2maybe called benzene- 
azotoluene azoresoroin by ^e actum of diazotised 
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benze&e azownidotoluene upon resorcm , and 
C^H5.N, 0 A(0H)2 Nj C«Hj» benzeneazodioxy 
benzeneazobenzene by the successive introduction 
of two diazobenzene groups into resorcm 
Secondary and tertiary azo compounds of the 
types (RNj);?!", and have been 

termed by Wallach dtsazo and tnsazo com 
pounds {B 16, 22 and 2812 , v also Heumann, 
iind 813) 

Secondary and tertia/ry azo compounds — The 
typical secondary azo compound of the type 
(R Nj)2Pl"isthe8o called ‘phenolbidiazobenzene,’ 
(C«H, C,H, OH, discovered by Griess {B 10, 
628) Compounds of this class are formed by 
the successive introduction of two diazotised 
radicles mto a phenol The resorcm secondary 
azo compounds have been especially studied by 
Wallach (H 16,22, Wallach a B Fischer, 

2814), and the cresol compounds by Ndlting a 
Kohn {B 17, 351) Analogous amido compounds 
of the type (RNj) C„H^(NHo) have been ob 
tamed by the introduction of diazotised radicles 
into chrysoidine (Griesa, B 16, 2028) Secon 
dary azo compounds of the type ll"(N^ Pi) ha\e i 
been obtained by Wallach by acetjlating one 
amido group in a diamine, diazotismg the 
acetdiamido compound, and combining with a 
phenol so as to produce a compound of the type 
N PI 

Ac The acetyl group is then re- 
moved, the NHj group diazotised, and the diazo 
compound again combined with a 

phenol {B 16, 2825 and Wallach a Schulze, 
xhid 3020) The metadiammes appear to lend 
themselves most readily to this method The 
most direct method of preparing secondary azo 
compounds of this class is by diazotismg both 
amido groups map or tn diamine, and then 
acting with the product upon a phenol or phe 
nolsulphonio acid (Griess, B 17, 607 and 19, 
817) Another method of obtaining secondary 
azo compounds of these types is by diazotismg 
a p mtramido compound and combining with a 
phenol or secondary or tertiary amine so as to 
produce NO^-R^N^Pl or NO,R"N,R"NR2 
The nitro group is then reduced, the amido azo 
compound diazotised and again combined with 
a phenol <fcc , thus producing R"(N2 Pl)j, 

^"<Cn*P 1 (Meldola, C J 43, 425, 45, 

106 and 47, 667) If the nitro azo compound 
IS combined witn a monamme and the nitro 
group reduced, a diamidoazo compound of the 
type NHj R' Nj R" NHj is produced m which 
both amido groups can be diazotised and com 
bmed with phenols so as to form tertiary 
azo compounds, PI B" Nj R" Nj PI {ib%d ) 
Secondary azo compounds of these types are 
also formed by reducing p nitracetamlide, 
diazotismg and combining with a phenol or 
amine so as to produce azo- compounds of the 

type The acetyl group is then 

removed, the amido azo- compound diazotised 
and again combined with a phenol (Nietzki, B 
17, 348 and 1360) 

Secondary azo compounds of the type 
B' Nj R" Nj PI are obtained by diazotismg amidcn 
azo compounds and combining the diazo azo 
salt with phenols The typical compound, 


C<,H4 N, OH, was first prepared 

by Oaro and Schraube (JB 10, 2230) and several 
members of this group have since been mtro^ 
duced mto commerce under the names of 
‘ Biebrich scarlet,’ * Croceme scarlet,’ &c These 
scarlets are of considerable technical import- 
ance, especially the latter, which are pre- 
pared by the action of diazotised amidoazo 
benzene sulphomc acid and its homologues 
upon {0) naphthol (a) sulphomc acid By the 
action of diazotised amidoazobenzene upon 
chrysoidine a tertiary azo compound of the type 

IB foi-med (Gness, B 

16, 2036) Secondary azo- compounds of some 
importance have recently been prepared by 
diazotismg diamidodiphenyl (benzidine) and 
its homologues and combining the tetrazo 
salt with phenols, amines, and their sulphomc 
acids , of these colouring matters ‘ Congo red,’ 

ChIn cIXiHSo'iNHa' ““y mentioned 
as a typical example Tertiary azo compounds 
derived from triphenyl carbmol are obtained by 
diazotismg the rosanilmes and combining with 
phenols (Meldola, C J 47,668) 

Constitution of Azo compounds When a 
diazo compound combines with an amine or 
phenol to form an azo compound the group 
invariably takes up the para position with 
respect to the NH^, NHR, NRj, or HO if this 
position is open The proof of the constitution 
of azo compounds is furnished by the products 
which they yield on complete reduction Thus, 
amidoazobenzene, CgHj Ng C^H^ NH , gives on 
reduction anihne and p phenylene diamine , 
chrysoidine gives aniline and (1, 2, 4) triamido 
benzene (Witt, B 10, 668) The constitution 
of some of the azo compounds obtained by 
combming diazosulphonio acids with phenols 
has been established by Griess {B 11, 2191) 
The constitution of the azo naplithol colours 
has been determined chiefly by Liebermann and 
his pupils {B 14, 1310 and 1795 , Jacobson, 
1791 , also Witt, C J 35,179) When diazo 
compounds act upon substituted phenols, such 
as salicylic acid, the group also takes up the 
para position with respect to the HO group 
(P F Frankland, C J 37, 746), thus (a) 
naphthaleneazosalicyhc acid gives on reduction 
aC.oHjNH^ and C,H3(HO)(NH2)CO,H [14 2] 
When the para position with respect to the 
NH, or HO group is already occupied the N, 
group enters the ortho position (Nolting a 
Witt, B 17, 77 , Liebermann a Kostanecki, 
ihid 130, 876 , Griess, thid 338 , Nolting and 
Kohn, ihid 351) This law holds good also 
when the para position is occupied by an azo- 
group, as in the formation of (CoH^ N,)^ Ct,Hj OH 
from benzeneazophenol by the introduction of 
another C^Hj N, group (N61tmg a Kohn, B 

17, 368) In the case of the {$) naphthalene 
denvativesthe N, group also enters the ortho (a) 
position with respect to the hydroxyl or ami 
dogen group Thus (0) naphthol orange, 
HSO, CaH^ N, 0,oH„ OH, gives on reduction 
Bulphanilic acid and (o) amido (/3) naphthol, the 
latter yielding (3) naphthoqmnone on oxidation 
(Liebermann, B 14, 1310) Similarly the azo- 
derivatives of (^) naphthylamine yield o diamido- 
naphthalene (NH^NH,®#! /B^) on reduction 
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(Lawson, B 18, 796 and 2422) The fact that 
euoh compounds as benzeneazo (8) naphthol are 
insoluble m cold aqueous alkahs has led Lieber- 
mann to the suggestion that these compounds 
no longer contam HO, but possess the formula 

[B 16, 2858) A similar 

conclusion has been suggested by Meldola with 
respect to the (8) naphthylamme derivatives, for 

which he proposes the formula R 

thus indicating a relationship to the azmiido 
compounds above referred to (C J 45, 117) 
This conclusion is supported by the investiga 
tions of Zmcke and his pupils (B 18, 3125, 
3132 and 3142) This author has shown that 
these (8) naphthalene, as well as other ortho 
nmidoazo compounds, can be oxidised to com 
• 

pounds of the azimido type, R | and 

\n/ 


he suggests for them the alternative formula 
HNx 

I According to a recent 

R.NHL_N ^ 


paper by Nietzki a GoU {B 19, 1281) it 
appears, however, that amidoazo (8) naphthalene 
contains an NH^ group, or at any rate can be 
diazotised under certain conditions There can 


be no doubt that the question of the constitution 
of the azo compounds is much more complicated 
than was at first supposed, since by the action 
of diazo compounds upon phenols two isomeric 
azo compounds may be formed at the same time, 
the isomerism probably depending upon the 
position of the R groups with respect to the 
HO as well as upon the formation of bodies of 
the oximido type This appears to be the case 
especially with the azo derivatives of resorcinol 
(Wallach, B 16, 22 and 2814) 

General properties and technology — The mdi 
vidual azo colours will be described under their 


respective headings, so that it will be only ne 
cessary here to give a brief account of the 
general characters of these colouring matters 
The parent azo compounds, CgHj, 

CAN.CjoH,, C^oH,N,C,oH„ although pos 
sessed of colour are not of any value as dye 
stuffs it 18 only when acid or basic radieles are 
present in one or both aromatic nuclei that true 
colouring matters are formed The colours pro 
duced by these compounds are of various shades 
of yellow, orange, brown, red, scarlet, indigo 
blue and violet No pure blue or green azo 
compound is known Of the basic primary azo 
compounds, amidoazo benzene, chrysoidine, and 
‘ phenylene brown,’ show a gradation in shade 
from yellow through orange to brown The two 
last compounds are now alone of technical 
value Among the acid azo colours a regular 
gradation of shade is also observed with the 
increase in molecular weight This is well seen 
in the colours produced by the action of diazo 
benzene and its homologues upon the naphthol- 
sulphonio acids, the lowest members of the senes 
bemg orange, and the highest members scarlet 
of an mcreasing shade of blueness The acid 
primary azo compounds are dyed from acid 
baths and have great affinity for silk and wool, 
but do not readily dye cotton without the use of 
mordants Primary azo colours as a rule dia 
VOL. I 


folve in strong sulphunc acid with a red or 
orange colour Azo- colours can be produced 
directly in the fibre of cotton by impregnating fee 
latter with a phenol and a diazo compound, and 
then developmg by means of an acid (T Holh- 
day, C J 4, 204) A similar process has 
been described by Grassier (S C I 2G2) who 
uses the nitrite in the form of an ammonium 
salt or in combination with ammonium salts, 
so that on heating the impregnated fab ic the 
nitrous acid is liberated in the presence of the 
amine and phenol, and the colour is developed 
without the use of acid Oxyazo compounds, 
which are not sulphonio acids, and which are m- 
soluble, can be made soluble by warming them in 
aqueous or alcoholic solutions of bisulphites A 
soluble double compound is thus formed which is 
decomposed on heating with the liberation of the 
colouring matter so that the process is especially 
applicable for calico printing (Meister, Luema 
a Bnining, B 1/, 452) The secondary azo- 
colours derived from diazotised amidoazoben 
zene and its homologues in combination with 
naphtholsulphomc acids are scarlets of greater 
tinctorial power and purity than the primary 
azo scarlets, and possess a certain affinity for 
cotton, especially the ‘ croceme scarlets ’ already 
ref ei red to The secondary azo colours derived 
from diazotised benzidine (‘ Congo red ’ senes) 
and its homologues are reds or yellows which 
also possess a certain affinity for cotton, but 
many of these colours are too sensitive tc acids 
to be of much use technically The stability of 
these colours is increased, however, by using the 
higher homologues of benzidine It is only 
among secondary azo compounds that true 
shades of violet and indigo blue are found 
(Nietzki, B 17, 311, Meldola, C J 47, 665) 
Some of these blue shades are now met with 


m the market, a typical compound of the class 
being a salt of ditolyltetrazo (8) naphtholdisul 
phonic acid, 

gH«N,C,oH,(HS 03 )(OH )8 , p 

C,HflN2C,„H3(HSO,)(OH)8 ^ 

Bayer & Co) Secondary azo compounds dis 
sohe as a rule in strong sulphuric acid with a 
violet, blue, or green colour The tertiary azo- 
compounds have but little tinctorial value For 
observations on the absorption spectra of azo 
co^ouis see papers by H W Vogel {B 11, 623), 
Landauer (R 14, 391), and Stebbins {Am 6, 117 
and 149) R M 

AZO- COMPOTJKDS (F also Azo ooloubins 
MATTERS and Di AZO COMPOUNDS ) The nomen 
clature of these compounds is based on the 
following rules Imagine Nj displaced by Hj and 
the compound to break up accordingly, one H 
going to one half and one to the other If both 
the resulting compounds are aromatic, name the 
compound richest in carbon according to the 
rules followed in this dictionary, and prefix azo- 
to the name Before azo write the name of the 


hydrocarbon from which the other half of the 
molecule is derived Then prefix all the sub 
stituents of the latter so that they may follow 
one another in this order ohloro , bromo , lodo , 
cyano , nitro , oxy , amido , sulpho , and car-^ 
boxy When both halves of the azo- compound 
contam the same number of atoms of carbon, 
then the half which contains CO^H is put last 
If neither contain CO^H, thq one ooniauuog 

BB 



m 


AZO- COMPOUNDS. 


SOgH comes last, if neither contain this, pre 
lerence is given to OH, NHj, NO^, Br, or Cl, 
m succession 

If one half of an azo compound is derived 
from a fatty hydrocarbon the name of this half 
18 written last 

The compounds obtained by the action of 
diazo- compounds upon (^) naphthylamme, (fi) 
naphthol, or more generally upon amido or oxy 
compounds in which the p position is already 
occupied, are described as if they were ordinary 
azo compounds It is, however, not improbable 
that they may have a different constitution 
Thus the compounds obtained from diazo com 
pounds and (^) naphthylamme behave like 
diazoamides in their decomposition by acids 
into ()3) naphthylamme, a phenol, and mtro 
gen , but act on reduction like amido azo 
derivatives giving (1 2) naphthyl ene diamine 
and the amine Three views may be taken with 
regard to the constitution of these bodies — 
(1) That they are true diazoamides , (2) that 
they are o amido azo derivatives , (3) that they 
are hydrazimido compounds, ^e dihydrides of 
azimido compounds 

The first hypothesis easily explains their de 
composition by acids , and their reduction to 
naphthylene diamine might be accounted for 
by assuming an intermediate change into the 
amido azo compound However, the fact that 
a different isoraerio body is formed by diazo 
tismg ()8) naphthylamme and combining it with 
the other amine does not agree with this view, 
since compounds of the form XN^NHY and 
Y Nj NHX are always found to be identical The 
other reactions of these bodies are also incon 
sistent with this hypothesis The hypothesis 
that the compounds are o amido azo derivatives 
does not readily account for their behaviour on 
oxidation, which tends to show that they do 
not contain an NHj group 

The third hypothesis leads to the formula 

C,oH,<| or 

\nnhe 


It is strongly supported by the fact that on 
oxidation these bodies give nse to white crystal 
Ime azinudo- compounds, which probably have 


the constitution 


Gness^s azimidobenzene C-H, 


!,„h/ I \nk, 

4 > 


analogous to 
NH obtained 


by the action of nitrous acid on o phenylene 
diamine The corresponding compounds from 
(iSj naphthol and diazo salts may also be ob 
tamed by the action of hydrazines upon (jS) 
naphthoquinone, and hence may be represented 
in a Biinilar manner by the formulas 

or C„H.< 0 >NB 

\NNHE 


The formation of hydrazimido compounds 
from a diazo salt and {$) naphthylamme can be 
explained by assuming the intermediate forma 
tion of true diazo amides C,oH, NH N NE, 
which by taking op Hp (or HCl) would form 
C,oH, NH N(OH) NHEorC.oH, NH NH N(OH)B, 
and by again eliminating H^O it might give the 
hydrazimido compound. The decomposition by 


acids might also be explained as a change inveiss 
to the above, resultmg in the formation of the 
diazo amide, which would then be decomposed. 
The ortho amido azo derivatives of the benzene 
series would also seem to be similarly constituted, 
for on oxijjation they also give colourless crystal- 
line azimido compounds 

Apparently opposed to the hydrazimido- 
hypothesis, is the behaviour of these bodies 
towards nitrous acid, which converts them into 
diazo compounds In many points, however, 
these diazo compounds greatly differ from the 
ordinary diazo compounds, and their constitu- 
tion may possibly be expressed by the formula . 
>NN OH 

E \ I I , which would represent their form 
NNNE' 

ation from hydrazimido compounds By 
SnCl^ or SO^ these diazo compounds are not 
reduced to hydrazines but to non basic stable 
bodies which probably have the constitution 
/N— NH 

I I The 0 diazo imides readily lose 
\N— N E' 

N 2 on heating and are converted mto azimido- 

compounds E"<(^ j ^N E' identical with those 

obtained by oxidation of the 0 amido azo com-^ 
pounds On the hydrazimido hypothesis the 
body derived from diazo benzene and phenyl 
($) naphthylamme would be represented by the 

formula CjoHe^^ | which agrees with its 

reactions Thus cone HCl removes aniline, 

forming an azine while 0X1- 

dising agents produce a powerful ammonium 
base C,oHaN,(C,H,),OH (Meldola, C J 45, 107 , 
Noltmg a Wilt, B 17, 77 , Lawson, B 18, 796, 
2422 , Sachs, B 18, 3125 , Zincke, B 18, 3132, 
3142 , Zmeke a Lawson, B 19, 1452) 

Description of Azo compounds 
Acetophenone azo (/3) naphthol [4 1] 

C«H,(CO CH 3 )— N — C,oH,(OH) Formed by di 
azotising p amido acetophenone and combining 
the diazo compound with (j8) naphthol in alka 
line solution (Klmgel, B 18, 2695) Slender red 
needles V sol alcohol, si sol ether, insoh 
water Dyes silk a dull red 

o Amido benzene azo aceto acetic acid 
C,H,(NH 2 )— N,— CH(CO CHg) CO^H [157°] 
Orange red tables Easily soluble in acetic acid, 
alcohol, ether and chloroform, spanngly in water 
Formed by reduction of 0 mtro benzene azo aceto 
acetic acid with FeSO, and NHg (Bamberger, 17, 

2420) 

p Amido-benzene p-azo aniline 

C«H,(NH 2 )— Na— C,H,(NH 2 ) pAzoamlins Du 
amido azo benzene [236°] Long flat yellow 
needles Easily soluble in alcohol, sparingly m 
benzene and ligrome 

Preparahon — 1 The mono acetyl derivative 
of p phenylene diamine is diazotised and com- 
bined with aniline, the anilide thus obtained is 
dissolved in amlme and warmed with amhne 
hydrochloride by which it is converted into the 
mono acetyl denvative of amido benzene azo 
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aniline, wliich is finally saponified. — 2 From 
its di acetyl denvative which is formed by the 
action of zinc and ammonia on acetyl p nitro 
amlme (Mixter, Am 6, 282) 

The mono acid salts are green, the di acid 
red B^'H^Clj needles 

Moito acetyl denvative C,2HgN2(NHJ(NHAc) 
[212°], glistening golden yellow plates Its salts 
are red (Nietzki, B 17, 345) 

Di acety I derivative {M.) 

AmidO'benzene azo aniline 

[4 1] C H,(NH2)-N2— CgH.NHj [1 4] [142°] 

Obtained by reducing nitro benzene azo nitro 
benzene [20b°] with alcoholic ammonium sul 
phide (Janovsky, M 6, 460) Minute plates 
(from alcohol) Salt — B"H Cl This body is 
probably identical with the preceding, the melting 
point having perhaps been misprinted 
m Amido-benzene-wf azo aniline 
[3 1]C,H,(NH,) - - CgH,(NH ) [1 3] From the 

nitro compound by ammonium sulphide 
(Janovskj, M 6, 458) Mmute flat yellow 
needles with green lustre (from alcohol) 

Amido-benzene-azo benzene-p sulphonio acid 
[4 1] CgH,(HS03)~N N— NH, [1 4] S 0144 
at 22° lellowish white microscopic needles 
or scales (containing aq) Nearly insoluble in 
water, alcohol, ether, and chloroform Formed 
Jiy the action of diazo benzene p sulphonic acid 
on aniline (to extent of about 30 p c ) Pre 
pared from benzene azo aniline and fuming 
H SO4 at about 70° On reduction with tin and 
HCl it gi\es p phenylene diamme and sulpha 
nilic acid 

Salts — orange yellow plates — 
A'jBa 6aq sparingly soluble trimetric orange 
needles — A'2Ca 2aq (Griess, B 15, 2184) 

Amido benzene-azo-benzene p sulphonic acid 
[4 1]C,H4(&0,H)-NN— C„H4NH[14] S 0196 
at 22° Pearly plates (containing aq) 1’ ormed 
by reduction of the sparingly soluble nitro- 
benzene azo benzene p) sulphonic acid with am 
monium sulphide On complete reduction with 
tin and HCl it gives p sulphanilic acid and p 
phenylene diamine, and hence ought, according 
to theory, to be identical wuth the preceding 
compound, this, however, does not appear to be 
the case 

Salts — KA'aq yellow trimetric plates — 
‘‘NaA' needles — BaA' 6aq large glistening 
monoclmic needles — CaA'4aq jellow pearly 
plates — PbA'2 monoclmic plates (Janovsky, 
B 16, 1488 , M 4, 279, 652) 

Di-amido-benzene - azo - benzene p-sulphonic 
acid(NH2) CgHg— Nj — C^H^ SOgH Chrysoidme 
sulphonic ac^ Browmsh red glistening needles 
SI sol water 

Formation — 1 By combination of p diazo 
benzene sulphomc acid with m phenylene di 
amine — 2 By sulphonation of chrysoidme On 
reduction it gives sulphanilic acid and (1 2 4) 
tri amido benzene (Griess, B 15, 2196) 

m Amido-benzene-p azo-di methyl aniline 

[3 1] CgH4(NH2)— Nj— CgH^NMea [1 4] [166°] 

Golden lammse, sol alcohol Formed by the 
action of warm dilute HjS04 on its acetyl den 
vative [184°] which is obtained by mixing diazo- 
tised acetyl m tolylene diamme with dimethyl- 
anilme (Wallach, A 234, 263) 

p-Ainido-benzene-azo-dimethylaniline 
[4 IJ NHj C.H4 N, NMe, [1 4] [188°] By 


I warming the aloohoho solution of the nitro- 
compound NO 2 C^H^ N, C„H 4 NMCg withammoxuo 
sulphide (Meldola, C J 46, 107) 

Properties — Bnck red needles (from dilute 
alcohol) Insol boiling water, but forms yellow 
solutions in most solvents Beduced by zinc 
dust and HCl it gives dimethyl p phenylene dia 
mine and p phenylene diamme On adding acetic 
acid to an alcoholic solution, the liquid turns 
green, on dilution with water it becomes red 
In cone H2SO4 the solution is orange A very 
dilute solution mixed with nitrous acid and 
exposed to the air turns blue (test for nitrous 
acid) — B"(HC1) PtCl^ 

Methylo iodide — Insoluble brown scales 
Acetyl derivative — Orange needles (from 
alcohol) [217°] 

p Amido-benzene-azo-(3) naphthol 

[4 1] NH C.H^ N N C, A OH [« Formed by 
reducing the corresponding nitro compound with 
ammonium sulphide and ammonia lorms a 
crimson solution in H^SO^ (Meldola, C J 47,663). 

p Amido-benzene-azo-(a) naobthol 
[4 1] NH CgH^ N C,„Hg OH [a )8] Formed by 
reducing para nitro benzene azo (o) naphthol m 
hot dilute NaHO with ammonium sulphide, ppd 
by HCl (Meldola, C J 47, 6G2) Dark brown 
powder, si sol hot water, v sol hot alcohol 
I orms a red solution in cone H SO4 

p Amido -benzene- azo -(iS) - naphthol di-sul- 
phonic acid Acetyl derivative 
C H,(NHAc)-N2-C,oH4(On)^S03H)2 Golden 
glistening plates Scarlet red dye stuff Formed 
by diazotising the mono acetyl derivative of p- 
phenylene diamme and combining it with (/3) 
naphthol (K) di sulphonic acid (modification in 
soluble in alcohol) By saponification of the 
acetyl group it yields a bordeaux red dye stuff 
By diazotismg the latter and combining it with 
(3) naphthol di sulphonic acid a blue colouring 
matter is produced (Nietzki, B 17, 344) 
p Amido-benzene-azo (a) naphthylamine 
[4 1]NH C.H^ N C,oH«NH 2[1 4] [160°] Formed 
by reducing NO2 C^H4 N C,oH^ NHj with aqueous 
ammonic sulphide (Meldola, C J 43, 432) 
Ochreous needles Readily soluble in alcohol, 
acetone, benzene and chloroform Its salts 
form crimson aqueous solutions , excess of acid 
throws down the neutral salts — B"(HCl)2ptCl4 
p Amido benzene-azo o-oxy-benzoic acid 
[4 1] NHg C,H4— N2— C,H3(OH)(C02H) [1 4 2] 

I rom the sodium salt of p nitro benzene azo 
salicylic acid by reduction with ammonium 
sulphide Colourless needles SI sol boiling 
water Its alkaline solutions are yellow Glacial 
HOAc forms a crimson solution Blackens at 
219°-220° C (Meldola, C / 47 667) 
m Amido-benzene-azo-phenol 
[3 1] C,H4(NH2)- N2— C«H4 oh [1 4] 

[168°] Brownish yellow scales Obtamed by 
saponification of the acetyl derivative 
Acetyl derivative 

C,H4 (NHAc) Ng C6H4OH [c 208°] Prepared by 
diazotising the mono acetyl derivative of m- 
phenylene diamme and combining it with phenol. 
(Wallach, B 15, 8020) 

p Amido benzene azo phenol 
[4 1] NH 2 C«H4 N N C«H4 oh [1 4] [181°] Ob. 
tamed by heating p mtro benzene azo-phenol 
with ammonium sulphide Brown scales ^Irom 
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water) , v soL alcohol — B'gHjPtCl, (Meldola, 
C J 47, 668) 

jT-Amido-benzene-aeo diphenylamine 

[4 1j NH,CAN,C,H,NHCA [14] [o 91®] 
Got by reducing the nitro compound by ammouio 
sulphide (Meldola, C J 43, 440) 

Properties —Bl sol m boiling water, v sol 
alcohol, acetone, chloroform and benzene, 
forming yellow solutions HCl added to the 
alcoholic solution turns it first green, then red 
Solution m cone H^SO^ is violet, turned red by 
diluting 

Salts — Form crimson aqueous solutions 
Dye wool orange 

m Amido-benzene-azo-m-phenylene-diamin e 

[3 1] C«H,(Na,)-N 2 - C H,(NI1,), [1 2 4] Dis 
maick broun [137®] Ppd by adding NaNO^ 
to a neutral solution of m phenyiene diamine 
hydrochloride (Caro a Griess, Z 1867, 278) 
Brown plates SI sol in hot water, v e sol 
alcohol and ether Dyes wool brown Absorp 
tion spectium (Hartley, C J 61, 180) 

Salts — B"2HC1 — B'H.PtCl, 
p Amido-benzene azo-phenylene diamine 
*[4 1] C.H,(NBL)— N,— C«H 3 (NH ), [1 2or3 4] 
From benzene azo benzene by nitration and re 
duction (Janovsky, M 6 , 466) 
p Amido-benzene >azo resorcin 
[4 1 ] NH, N N C,H,( 0 H )2 [12 4] By dis- 
solving p nitro benzene azo resorcin in dilute 
KaHO and warming with ammonium sulphide 
(Meldola, C J 47, 661) Its alkaline solutions 
are red , its acid solutions are pale orange — 
B'^H 2 S 04 silvery scales — B'^H^tClg 
p Amido-benzene azo m xylidine 
[4 1] NH, C,H 4 C^HjMe NH^ [1 3 5 2] [163®] 
Formed by reducing C^HjMe^NHj 

with aqueous ammonic sulphide (Meldola, C J 
43, 432) Golden scales (from water) V sol 
alcohol and benzene 

Salts — The acid salts are very soluble in 
water Excess of HCl forms an amorphous 
brown pp of B"2HC1 -(B" 2 HCl)PtCl 4 
Amido-thiophene-azo-benzene 
C^Hj Ng C 4 SH 2 NH^ I’ormed by adding diazo 
benzene chloride to a tolerably concentrated solu 
tion of thiophenine hydrochloride — B'HCl ^aq 
yellow needles, soluble in water and alcohol 
(Stadler B 18, 2317) 

Amido thiophene -azo- benzene -|i-snlphon c 
acid [4 1] C^SH^ NH^ Formed by 

combination of diazo benzene p sulphonic acid 
with thiophenine Yellow needles, red when dry 
SI sol water and alcohol Dyes silk yellow 
(Stadler, 18,2318) 

Amido-thiophene-azo-naphthalene 
OjoHj Nj C 4 SH JNHj Formed by adding (a)- 
diazo naphthalene chloride to a solution of 
thiophenine hydrochloride The hydrochloride 
forms microscopic red needles, sparingly soluble 
Xn water and alcohol (Stadler, B 18, 2818) 
m-Amido-tolnene-azo aceto-aoetic acid 
(4 2 1] C„H3(CH,)(NH2)N2CH(C0CH,)C02H 
[162®] Bed glistening needles Formed by re 
duction of m nitro toluene azo aceto-acetic acid 
With FeSO^ and NH, (Bamberger, B 17, 2421) 
Amido toluene-azo amido-oresol 
[4 3 1] C 3 H,(CH,)(NH 2 ) C«H 2 (CH,)(NH 2 )(OH) 

Oryazo tolutdine [212°] Small dark - red 
needles V sol alcohol and ether, si sol water 
Formed from amido toluene azozy toluidise 


C3H,Me(NHjj) NjO 0,H,Me(NEL2l by intramole- 
cular change by heating it witn H^SO^ at 110® 
It is reduced by SnCl^ to tolylene-diamine 
CaH5Me(NH2)8 [1 2 4] together with di amido 
cresol (Limpncht, B 18, 1405) — B^'H^bO^.— 
B"2HC1 -B"H2PtCl, 

Amido toluene azo (j8) naphthol 

[6 3 1] C„H,(CHs)(NH,)— Nj— C,oH,OH [1 2]. 

Acetyl derivative 

C,Hs(CH8)(NHAc)— N 2 — C.oH^OH [276®] Insol 
water, si sol alcohol, m sol a mixture of 
alcohol and chloroform Bed colour Formed 
by diazotismg the mono acetyl derivative of 
(1 2 4) tolylene diamine and corabmmg it with 
(j8) naphthol (Wallach, B 15, 2830) 

Amido toluene azo nitro ethane 
Acetyl derivative C,,H, 4 N 40 , tc 
[6 3 1] C H,Me(NHAc) ^(NOJ CH, [143®] 
From C,H 3 Me(NHAc) N^r and NaCH(NO )CH, 
(Wallach, A 235, 250) Bed needles (from alco- 
hol ether) , v si sol water, insol ligroin 
Amido toluene azo 0 toluidine 
[4 3 1] C,H3Me(NH2)— N 2 — C,H3Me(NH ) [1 4 3] 
[197°] Formed by reducing nitro 0 toluidine 
C^H 3 Me(NO )(NH 2 ) [14 2], or the corresponding 
azoxy compound, by sodium amalgam in alcoholic 
solution (Limpncht, B 18, 1406 , Graeff, A 
229, 350) Long red needles (from alcohol) or 
small yellow needles (from water) Sparingly 
soluble in water, easily in alcohol and ether 
Salts — B"ILS 04 Slender reddish needles 
— B"2HC1 --(B"2HCl)PtCl4 — B '2HBr 
Amido toluene azo p toluidine 
[6 3 1] C,H3Me(NHj— N -C,H3Me(NH2) [1 6 3] 
[159®] Bed needles SI sol cold, v sol hot, 
water, \ sol alcohol Piepared together with 
the hydrazo compound by the prolonged action 
of sodium amalgam on an alcoholic solution of 
nitro p toluidine (Buckney, B 11, 1453) 

Bi amyl amido benzene azo di amyl aniline 
[4 1] (C3H„),NC,H,-N2-C„H4N(C,H„)2 [14] 
Duamyl aniline azyline [115°] Bed pointed 
crystals Sol hot alcohol Formed by passing 
NO through an alcoholic solution of di amyl 
aniline Salts — B"(C,H 2 (N 02 )s 0 H )2 small 
yellow crystals Periodide B" 4 la small black 
ci} stale with violet reflex (Lippmann a Fleissner, 
B 15, 2142 and B 16, 1419) 

Benzene-azo-aceto acetic acid 
C„H 3 -N 2 — CHAc CO 2 H [155°] Yellow leaflets 
(from alcohol) Prepared by the action of a 
solution of diazobenzene nitrate on an alkaline 
solution of acetacetic ether (V Meyer, B 10,2076) 
Salts — A'K yellow glistening leaflets — 
BaA' 2 , PbA' 2 , CuA' 2 , and AgA' are yellow pps 
Ethyl ether [75°] Light yellow crystals , 
very readily sapomhed (Zublin, B 11, 1417) 
Benzene azo-acetone C^Hs Nj OHj 
[149°] Glistening yellow prisms or needles 
Peculiar characteristic smell Only slightly 
soluble in hot water, and m aqueous alkahs 
Formation — 1 By heating benzene azo 
aceto acetic ether with a dilute alcohohe solution 
of NaOH — 2 By heating benzene azo aceto 
acetic acid to 170®-180°, COj being evolved 
(Bichter a Munzer, B 17, 1928) 

Benzene azo acetophenone 
0,H3 Nj CHj CO C3H3 [129®] Slender golden 
nee^es V sol hot alcohol and hot acetic aoid 
Formed, together with benzene azo benzoyl 
aeetio ether, by adding a solution of diaso« 
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benzene ohlonde to an iced alkaline solution of 
benzoyl acetic ether (Bamberger a Caiman, 
B 18, 2563) 

Benzenew7-azo-aniline (?) 

C,H,-N2~C,H,NH2(?) [123®] Formed by 

r^uemg benzene o azo nitro benzene with am 
monium sulphide (Janovsky, M 8, 61 , yellow 
crystals with blue reflex (from dilute alcohol) 
The salts are less soluble m water than those of 
the® compound 

Benzene azo aniline 0,2H„N, i e 
— N2 — CgH^NHj [1 4] Anndo azo benzene 
Mol w 197 [126°] (above 360°) 

Formation — 1 By reducing benzene azo 
nitro benzene [137°] with ammonium sulphide 
(G Schmidt, Z 6, 417 , Janovsky a Eib, B 
18, 1136) — 2 Together with bromo anihne by 
the action of bromine vapour upon aniline 
(Kekul6, Z [2] 1, 688) -*^3 By action of mineral 
acid (one molecule or less) upon diazo benzene 
anilide {v Di azo compounds) (Martius a Griess, 
Z [2] 1, 132, Frisv\ell a Green, C J 49, 746) 

Prepaiation — 1 Diazo benzene anilide is 
dissolved in 2 or 3 times its iveight of aniline, 
^^^th its weight of aniline h} drochloride is added 
at the ordinary temperature, and the mixture is 
kept for an hour at 30° to 40° , after standing 
for twenty four hours at the ordinary tempera 
ture, sufficient HCl is added to combine with 
the free aniline and the amidoazo benzene 
base precipitates, or it can be obtained as 
hydrochloride by adding more HCl The yield 
IS neaily theoretical (Witt a Thomas, C J 
43,113, Staedel a Bauer, B 19, 1953) -2 A 
cone solution (of rather less than 1 mol ) of 
NaNOa 18 added to (1 mol of) aniline hydro 
chloride dissolved in (5 or 6 mols of) aniline at 
80°-40°, kept at c 40° for 1 or 2 hours, and 
then at the ordinary temperature for 12 hours, 
completed as above, the yield is nearly theo 
retical 

Properties —Yellow crystals , separates from 
benzene with benzene of crystallisation (W a T ), 
orange prisms with blue reflex (from alcohol) 
V si sol hot water, m sol ether and alcohol 
Its salts are decomposed by water , they dye 
wool yellow Tin and HCl give aniline and _p- 
phenylene diamine Combines with EtI form 
mg the hydriodide of C«H,(NH2) C,H,NHEt 
The diazo iiompounds of benzene azo aniline and 
its sulphonic acids are used for the preparation 
of scarlets by combmation with the naphthols 
and their sulphonic acids 

Salts — B'HCl steel blue needles or scales 
(from boiling HClAq) — B'^H^PtOl, — B'HNO, 

— B'jHjSO, — B'jHjCjO, 

Acetyl derivative C^Hj Nj CaH^(NHAc) 
[142°] Yellow silky crystals On reduction 
with alcoholic ammonium sulphide it gives 
acetyl amido hydrazobenzene (Schultz, B 17, 
468 , Berju, B 17, 1400 , G C 1884, 871) 

Reactions — 1 By boiling benzene azo am- 
Ime with 10 pts of HCl (SGI 12) it is com 
pletely decomposed in a few hours with forma 
tion of V phenylene diamine, aniline, chlori- 
nated hywoqumones,KH3, and colouring matters 
(Wallach a Kdlliker, B 17, 395) — 2 An alco- 
hoho solution of bromme forms a dibromo 
derivative [152°] which is reduced by tin and 
HOI to amline and jp phenylene diamine (Berju, 
B 17, 1400) — 3 With phenyl thio carbimide 


it forms benzene azo di-phenyl th!o urea {q u )« 
together with some benzene azo di phenyl thio 
urea azo benzene {v dis azo compounds) — 4* 
Carbonyl chlonde forms benzene azo di phenyl- 
urea azo benzene (Ph — N, — NH) 2CO(Berju, 
B 17, 1404) — 5 Benzene azo aniline hydrochlo- 
ride (2 mols ) heated with acetone (1 moL) at 
150°-160° under pressure forms abase 
[205°] Yellow needles , v sol alcohol, ether, 
and acids By tin and HCl it is reduced to a 
base of melting point [185°] Dilute solutions 
of the salts have a blue fluorescence Salts — 
B'H^SO^ slender soluble needles or small mono 
clinic prisms — B'H^Cr^O, orange yellowneedles 
— B'H^Cl^tCl4 flat yellow needles, si sol cold 
water (Engler a Schestopal, B 20, 480) 

Benzene-azo benzene C,2H,gN2 1 e 
C^Hj — Ng — CjjHj Azobenzene Mol w 182 

[68°] (293°) V D 6 5 (calc 6 3) S (alcohol) 

8 5 at 16° (Moltchanoffsky, J R 1882, 224) 

S V 220 4 (Ramsay) 

Formation — 1 By treating nitro benzene 
with alcoholic potash (Mitscherlich, A 12, 311 , 
Schmidt a Schultz,^ 207, 328), sodium amalgam 
in presence of alcohol and acetic acid (Werigo, 
A 135, 170 , Alexejeff, Z [2] 3, 33), iron (3 pts ) 
and acetic acid (1 pt ) (Noble, A 98, 253), or 
with zme dust (Alexejeff, Bl [2] 34, 684) — 
2 By oxidising aniline with aqueous KMnO^ 
(Glaser, A 142, 364), red hot PbO (Schichuzky, 
/BO, 245), HA (Leeds, C N 44,210, B 
14, 1382) or bleachmg powder (Schmitt, J pr 
[2] 18, 195) — 3 It IB the chief product of the 
action of sodium on p bromo anihne (Anschutz 
a Schultz, B 9, 1398, cf Claus, B 15, 315) 

Preparation — 1 By heating nitro benzene 
with a solution of sodium stannite prepared by 
dissolving the theoretical quantity of SnClj in 
an excess of aqueous NaOH (Witt, B 18, 2912) — 
2 400 grms of NaOH (98 p c powdered) are 
boiled with 2000 c c of or^nary alcohol till 
most has dissolved , 500 g of nitrobenzene are 
slowly added to the boiling solution, and the 
formation of azoxybenzene completed by 2 or 3 
hours’ cohobation 200 grms of zinc dust are 
then slowly added and the boilmg continued for 
a day with occasional shaking The alcohol is 
distilled off on a salt bath, warm water added, 
the insoluble portion filtered off, washed, freed 
from Zn(OH)2 by HCl, and extracted with alco 
hoi , the filtrate on cooling deposits the azo- 
benzene m splendid large plates , good yield 

Properties — Tnmetric plates (Jeremejeff) 
Crystallises with GgH, from benzene Its absorp 
tion spectrum has been described by Hartley 
(C J 61, 176) 

Reactions — 1 Passed through a red hot tube 
it yields benzene and diphenyl (Ferko, B 20,664) 
2 Chromic acid in acetic acid at 200° forms 
benzene azoxy benzene — 8 Nitric acid forms 
PhNrC.H4(N02) [14], Ph N, CgH4(N02) [12^, 
[4 1] C3H4(N02)N2.C«H4(N02) [1 4], 

[1 8] 0gH4(N02) Nj CgH^fNOj) [1 3], and a mtro- 
benzene azo di nitro oenzene — 4 Alcohoho 
ammonmm sulphide reduces it to hydrazo- 
benzene (Efofmann, Pr 12, 576) — 5 Hot cone 
HCl, HBr, or HI reduces it to benzidme, other 
roduots being formed at the same time — 

Alcoholic SO2 produces benzidme — 7 With 
an ethereal solution of snne ethyl it reacts form- 
mg ethane (1 vol ), ethylene (3 tols j, and a 
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product which, when treated with water, gives 
aniline 80 g of azo benzene gives 70 g of 
aniline The reactions are probably — 

PhN^Ph + 2ZnEt2 = 2NPhH(ZnEt) + 2G^'EL^ 
PhN,Ph + 4ZnEt2- 

2NPh (ZnEt) j + 2O2H, + 

And then, on adding water 
(a') NPhH(ZnEt) + K,0 = NPhH^ + EtH + ZnO 
(^') NPh{ZnEt)2 4 - 2H,0 = NPhR^ + 2EtH + 2ZnO 
(Frankland a Louis, C J 560) — 8 Aide 
hyde at 200° forms a compound 02811^2^ 
[164°] In presence of chloride of zinc, aide 
hyde condenses with it to benzylidene benzidine 
Ph CH N C«H, N CH Ph {^) [239°] (Barzi 
lovsky, J B 1885, 366) —9 Bromine forms 
mono bromo derivatives, a di bromo derivative, 
[205°] {v Bromo benzene azo bromo benzene), 
and a tetra bromo derivative, CjjHaBr^N^, 
[c 320°] (Wengo, A 165, 200) 

Combinations — [38°] — 

(C,2 H,oN 2)2 3HC1 unstable yellow crystals — 
(CijHioN^iiSHBr unstable red crystals, got by 
passing HBr into a solution of azobenzeno m 
C82 — CijHioN^HBrg crystals, formed by adding 
bromine to a solution of the preceding body in 
chloroform ~C,2 H,oN Br8 red prisma, got by 
adding excess of bromine to a solution of ben 
zene azo benzene in chlorofoim (Wengo, A 
165, 203) 

Benzene azo benzene snlphonic acid 
CA— Nj-C^H.SO.H [1 4] [127°] From ben 

zene azo benzene and fuming H SO4 (5 pts ) at 
130° (Griess, A 131, 89, 154, 208, Janovsky, 
M 2, 221 , 3, 237 , B 15, 2576) Orange red 
plates (containing 3aq) SI sol alcohol and 
ether Potash fusion converts it into K SO, 
and benzene azo phenol Ammonium sulphide 
followed by mineral acid converts it into di 
amido di phenyl sulphonic acid Nitric acid 
forms mono , di , and tri nitro derivatives 
(Janovsky, M 3, 508) 

Salts — KA'2aq — BaA'„ — AgA' 

Chloride C, H^N^SO^Cl [82°] Orange 
clumps (from ether) 

Amide C, H^N^SO^NHa Powder (Skanda 
roff, Z [2] 6, 643) 

iBenzene azo benzene disulpbonio acid 

C^H,— N2~C8H3(S0,H)2 [12 4] Formed, to 
gether with s m , and 5 p , sulpho benzene azo 
benzene sulphonic acids by heating benzene 
azo benzene (1 pt ) with pyrosulphuric acid 
(4 pts ) at 160° (Janovsky, M 3, 237) Very 
deliquescent needles Isomerides of this acid 
are descnbed as sulpho benzene azo benzene 
•ulphonic acid 

Benzene azo benzoic acid 


C 8 H 5 Nj C 8 H^(C 02 H) [1 4] Azo benzene p 
carboxylic acid Obtained by saponification of 
its nitnle by boiling with KOH Long glister 
mg brown prisms Sol alcohol, ether, and 
warm benzene Salts — A'K very soluble 
brownish -yellow needles — A'jBa brownish yel 
low needles , sol alcohol, si sol water (Mentha 
a Heumann, B 19, 3023) 

Nitrile N, C 8 H,(CN) [1 4] p Cyano 
azo benzene [101°] Formed by diazotising 
benzene azo amhne and allownng the solution 
of diazo benzene azo benzene chloride to drop 
into a hot solution of GUSO 4 and KCN Brown 
needles V sol ether, l^nzene, and warm 
•looholi msol water Sublimable (M a H ) 


B6nzene-ayo-beiixoyl>aoetio acid 

CeH, N2 CH(CO OA) CO2H [141®] Long yel- 
low needles V sol alcohol, ether, and acetic 
acid Its ethyl ether is formed, together with 
benzene azo acetophenone, by ad^ng a solution 
of diazobenzene chloride to an iced alkaline 
solution of benzoyl acetic ether By boiling 
with dilute NaOH it is converted into benzene 
azo acetophenone CaHj N2 CH^ CO C8H4 (Bam 
berger a Caiman, B 18, 2uC3) 

Benzene-azo-benzylidene aniline 
C^H,— Ng — C8H, N CH C^Hs Benzylidene amido 
azo benzene [125°] Oiange plates Formed 
by the action of benzaldehyde on benzene azo 
aniline By HCl it ib resolved into its con 
stituents (Berju, B 17, 1403) 

Benzene-azo o bromo-benzene 
— N^— CH^Brri2] Bromo azo benzene 

[87°] Glistening plate* (from alcohol) SI sol 
cold alcohol By the action of bromine (1 mol ) 
upon a warm acetic acid solution of benzene 
azo benzene (1 mol ) a mixture of o, m, and p, 
mono bromo benzene azo benzene is obtained , 
they can be separated by their different solubili 
ties in alcohol By complete reduction they 
give aniline and 0 m , or p bromanilme 
Benzene azo m bromo-benzene 
C^Hj N C Ji,Br [1 3] [66°] Yellowish green 

pearly jfiates V sol alcohol, ether and ace 
tone On nitration it gives orange needles 0^ 
C,2H,Br(NOJN2 [123°] (Janovsky a Erb, B 
20, 359) 

Benzene azo p bromo benzene 
CA N2 C8H,Br [1 4] [82°] Is the chief pro 

duct of the bromination of benzene azo benzene 
in acetic acid Orange yellow plates Sub 
limable V sol alcohol, ether, and acetone 
The corresponding hydrazo compound forms 
white needles On nitration it gives orange 
needles of C,2H8Br(NO )N2 [108°] and also a 
di nitro derivative [190°] (Janovsky a Erb, B 
19, 2155 , 20, 357 , M 8, 49 , v also Bromo 
benzene azo bromo benzene) 

Benzene azo tn-bromo resorcin 
Ph— N2— C8Br3(OH)2 [18C°] From benzene- 

azo resorcin and bromine (Typke, B 10, 1678) 
Benzene azo p chloro benzene 
C8H5— N2 — CgH^Cl [1 4] Chloro-azobenzene 
[89°] Yellowish brown plates Sublimes m 
brown needles Easily soluble in ether, benzene^ 
and hot alcohol, sparingly in cold alcohol 

Preparation — 100 grms of benzene azo am 
line hydrochloride are suspended in 2 litres of 
water and 220 0 c of oonc HCl, and diazotised 
by slow addition of a cone solution of 20 grme 
sodium nitrite After standing for some time 
the diazo azo benzene solution is filtered and 
slowly added to a boiling solution of 40 grms 
Cu CI2 m 360 c 0 of cone HCl, and boiled for 
some time , the greyish black pp is treated 
with cone HCl and then with dilute NaOH to 
remove impurities, and extracted with hot al 
cohol, the alcoholic solution after treatment 
with animal charcoal deposits the benzene-azo 
chloro benzene on oooUng m ghstenmg brown 
plates , the yield is 88 pc of the theoretical 
(Heumann a Mentha, B 19, 1686) 

Reactions — When its alcoholic solution is 
allowed to stand m the cold with BnClj and 
2 drops of converted into a chloro- 

di amido diphenyl NH, C,H, C,H,C1 NH, Th« 
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latter body ig not formed, however, by heating 
the hydrazo compound, previously prepared, 
with HCl, but benzene azo chloro benzene, 
chloro aniline, and amime are formed instead 
On nitration with fuming HNO, benzene azo 
chloro benzene gives p chloro benzene azo p 
nitro benzene O^H^Cl Nj C^h/(NOJ By treat 
ment with fuming sulphuric acid it is converted 
into p chloro benzene azo benzene p sulphonio 
acid C,H,C1 C«H,(SOgH) (Mentha a Heu 
mann, B 19, 2970) 

Benzene azo o cresol 

N2~C„H,(CH3)(0H) [1 3 4] [130°] 

Glistening yellow plates V sol alcohol, ether, 
chloroform, and benzene , si sol hot, insol cold, 
water Dissolves in dilute alkalis with a 
yellowish red colour Obtained by the action of 
diazobenzene chloride on an alkaline solution of 
o cresol It readily giyes a dis azo compound 
when treated in alkaline solution with a further 
quantity of diazobenzene chloride 

Acetyl derivative [82°], yellow tables, 
V sol alcohol, ether, and benzene 

Benzoyl derivative [111°] , small yellow 
needles, v sol ether, acetone, and hot alcohol 
(Liebermann a Kostanecki, B 17, 130 , Nolting 
a Kohn, B 17, 363) 

Benzene azo m cresol 

C H — N — C H3(CH3)(0H) [1 2 4] [109°] 

Yellow needles 'V sol alcohol, ether, chloro- 
form and benzene With alkalis it forms 
yellowish red salts Obtamed by the action of 
diazobenzene chloride on an alkaline solution 
of m cresol It readily combines with another 
mol of a diazo compound to form dis azo com 
pounds (Noltmg a Kohn, B 17, 366) 

Benzene azo p cresol 

C,H,-N,-C«H3(CH3)(0H) [1 5 2] [109°] 

Orange yellow plates Soluble in dilute alkalis 
Dyes a canary yellow Pormed by the action of 
diazo benzene chloride on an alkaline solution 
of p cresol It does not yield a dis azo compound 
Acetyl derivative Bh — C^HafOAc) 
[68°] , yellow needles, v sol alcohol, ether, 
chloroform, and acetone 

Benzoyl derivative Ph — Nj — C,Ha{OBz) 
[113°] , yellow needles, sol ether, benzene, and 
hot alcohol (Mazzara, O 9, 425 , Liebermann a 
Kostanecki, B 17, 130 , Nblting a Kohn, B 17, 
852) 

Benzene azo p cresol snlphonic acid 

0.H,-N3-CA(CH3)(0H)(S0,H) [1 5 2 3] 

Small reddish brown tables or needles Easily 
soluble m water, sparingly in alcohol Formed 
by the action of diazobenzene chloride on an 
alkahne solution of p cresol sulphonio acid 
[1 4 2] ANa soluble reddish brown plates, 
dyes wool an orange yellow (Nolting a Kohn, 
B 17, 357, c/ Stebbins, A 0 «7 1, 465, 2, 263) 
Benzene-azo cumenol 

0 A—Nj— C3H(CH,),0H [1 3 5 6 2] [94°] 

Glistenmg brown prisms In small quantities 
it can be distilled undecomposed Insoluble m 
alkalis Formed by oombinmg diazo benzene 
chloride with ip cumenol [70°] On reduction it 
yields aniline and amido \p cumenol [167°] 
(Liebermann a Kostanecki, B 17, 886) 

Benzene • azo • di ethyl amido benzoio aoid 
O.H.— Nj— C;S 3 (NEt 3 )CO,H[l 4 2] [126°] Prom 
diazo benzene mtrate and di ethyl m amido 
||enzoio aoid Bed crystals with violet lustre 


(from alcohol) Insol water, id sol alcohol and 
ether Salts BaAV — AgA' (Gness, B 10, 626), 
Benzene azo ethyl (/3) napnthyl-amlne 

C 3 H,— Nj— C.oH^NHEt [103°] Bed needles 
Soluble in alcohol Ac with an orange red colour, 
insol water It forms bluish violet salts with 
acids Formed by heating ethyl (/3) naphthyl- 
nitrosamme with an acetic acid solution of 
anihne at 100° Also produced by combining 
diazo benzene with ethyl (j 8 ) naphthyls mine 
Nitrosamine Cglia C,oHj NEt(NO) 
[97°] , red crystals (Henriques, B 17, 2669) 
Benzene azo-ethyl phenylene diamine 
C 3 H 3 N 2 C 3 H 3 (NH,)NHEt Ethyl chryso\dine 
Dyes a redder shade than ordinary chrysoidine 
Formed by combining ethyl m phenylene 
diamine with diazo benzene - B"HC1 reddish 
brown needles with violet blue reflection, soluble 
in water and alcohol with an orange colour — 
B" 2 H Cl^PtCl^ , insoluble red pp (Ndlting a. 
Strieker, B 19, 647) 

Benzene-azo-indozyl 

.C 3 H,— C(OH) 

II 


C,H,-N3-N 


\_ 


-CH 


Cf) 


[236°] Bed needles or thick orange pnsms 
Sol alcohol and alkalis, v si sol water 
Formed by the action of diazo benzene chloride 
on indoxyl (Baeyer, B 16, 2190) 

Benzene-azo methane C^H — N, — GH, Azo- 
phenyl methyl (c 150°) Yellow oil of peon 
liar odour Very volatile, and readily distils 
with steam Formed by oxidation of s phenyl 
methyl hydrazine NH NH CH, with HgO 
(Tafel, B 18, 1742) 

Benzene azo methazonio acid 
Ph-Nj— CjHaNjO, [164°] From diazo ben- 
zene nitrate and an aqueous solution of sodium 
methazonate (Kimich, B 10, 141) Orange 
needles (from alcohol) , msoL water — Na 2 A’" 2 aq 
— BaA" aq 

Benzene azo di-methyl amido-bsnzoio acid 

Ph— N 3 — C 3 H 3 (NMe 2 )C 02 H [1 4 2] From diazo 
benzene nitrate and di methyl m amido-benzoio 
acid (Gness, B 10, 527) Orange nodules 
Benzene-azo-methyl-aniline 
— Nj— NHMe Methyl-aimdo azo ben- 
zene [180°] Bed needles Sol alcohol Formed 
by heating benzene azo aniline with Mel — 
B'HCl violet needles 

Acetyl derivative Ng NMeAo . 
[139°], yellow silky needles (Berju, jB 17,1401) 
Benzene-azo-di-motbyl-aniline 
Nj C 3 H 4 NMoj Di meihyl-amido azo ben- 
zene [115°] Yellow plates 

Preparation — 1 A solution of 74 pts of 
NaNOj, (100 pc) and 40 pts of NaOH m 640 
pts of water is slowly added to a cooled solution 
of 100 pts of aniline, 130 pts of dimethylanihne, 
and 230 pts of HCl in 360 pts of water (Gness, 
B 10,625 Mohlau, B 17, 1490) -2 By heat- 
ing benzene azo aniline with Mel (Berju, B 17, 
5^1402 , O C 1884, 871) 

Methylo lodideB'Mel [174°] Plates 
Benzene-azo-methyl-ketolo 
C^H*— N,— CAN [116°] Yellow needles 
Formed bv the action of diazo benzene chloride 
upon methyl ketole in aqueous alcoholic solution 
in presence of sodium acetate (Fisohsr, B 19, 
2990) 
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Benxene aio methyl phenylene diamine 

OA Nj 0A(NH3)NHMe Methr/^ chrysoUine 
Minnte orange pnsms Dyes a somewhat redder 
■hade than ordinary chrysoidme Formed by 
combinmg diazobenzene with methyl m phenyl 
ene diamine (Nolting a Stnoker, B 19, 649) 
Beneene azo-(a) naphthol 
C^Hj— Nj — OH (a) Naphthoquiywne 

K hydrazide [206°] Small needles with 
} flection (from alcohol) or flat neecLcs or 
plates (from benzene) 

Formation — 1 By combining (a) napl thol 
with diazobenzene — 2 By the action of phon} 1 
hydrazine hydrochloride upon (o) napthoqui 
none suspended in acetic acid 

Reactions — Dissolves both in acids and 
alkahs Bromine forms two bromo derivatives 
[185°], and [19b°] (Margary, G 14, 271) 

Salts -A'K crystalline pp The hydro 
chloride, hydrobromide and sulphate 
form bluish or greenish glistening needles, 
sparingly soluble in water, alcohol, and acetic 
acid (Typke, B 10, 1580) 

Methyl ether KMe [83°] , brown cry stals 
Ethyl ether A'Et [100°], long needles 
Acetyl derivativ e C,„H,,N«(OAc) [128°] , 
small brownish red needles (Liebermann, B 16, 
2858, Zmcke a Bmdewald, B 17, d02G) 

Benzene o azo (a) naphthol 

yOa 

O.oH/ I [1 2] (>) [138°] {$) Naphtho 

\N,H C«H,)8 

quinone phenyl hydrazide Formed by the action 
of phenylhydrazine hydrochloride upon (3) 
naphthoquinone Long red needles , sol hot 
alcohol and hot acetic acid It does not combine 
with acids or bases By SnCl it is reduced to 
(3) amido (a) naphthol By treatment in hot 
acetic acid solution with HNO, it gives di nitro 
(o) naphthol By the action of alkaline reducing 
agents it is at once converted into (3) amido 
(a) naphthol, no intermediate product could be 
detected (Zmcke a Bmde\^ald, B 17, 3030, 
Zmcke a Kathgen, B 19, 2482) 

Bromo deritiaiive G,„H,„N2Br^O , 
[216°-219°] slender red needles 

Benzene azo (3) naphthol CigHj^NjO tx 

>03 

C.Hj Nj OH or Ci^HX | [12] 

\N,H C Aa 

[184°] 

Formation — By the action of a diazobenzene 
Balt on an alkaline solution of 3 naphthol It 
18 not formed by the action of diazobenzene 
hydrate on finely divided (3) naphthol (difference 
from (o) naphthol) (Liebermann, B 16, 2858) 
Fi^perties — Golden plates or long metallic 
ghstenmg needles Soluble in ether, benzene, 
ligroine and CS^ Dissolves in H^S04 with a 
magenta*red colour Is insoluble m caustic 
alkahs It has a slightly basic character, 
dissolving m HCl with a red colour, and form 
ing an unstable hydrochlonde crystaUismg in 
needles By SnCl, it is reduced to (a) amido 
(3) naphthol and anihne The same reduction 
produets are also formed at once by treatment 
with alkaline reducing agents (e g zinc dust and 
KaOH, ammonium sulphide, Ac ) , no inter- 
mediate product was detected When treated 
In hot acetic acid solution with HNO, it gives 


di nitro (3) naphthol (Zmcke a Bathgen, B 
19, 2482) 

Bromo- derivative 0„H,,BrNp [168°]. 
Brownish red needles (Zmcke a Bmdewald, B 
17, 3031) 

Benzene azo (a) naphthol snlphonio acid 

CrfHj — Na — C, oHj(S 03H)(OH) From sodium (a) 
naphthol sulphonate, anihne nitrate, and KNO, 
(Hofmann, B 10, 1378) Slender brown needles 
(from alcohol mixed with HClAq) Dyes orange 
— AgA' — BaA'a 

Benzene azo (3) naphthol snlphonio acid 

C^H^ — Na — C,oHi(HSO,)OH Brown needles with 
yellowish green reflex Difficultly soluble m 
water and alcohol Prepared by the action of 
an alkaline solution of (3) naphthol sulphonio 
acid on diazobenzene nitrate or chloride — A'jBa 
Yellowish red microscopic leaflets Slightly 
soluble in water (Grieas, B 11, 2197) Its 
absorption spectrum has been examined by 
Hartley (C J 51, 196) 

Benzene azo (3) naphthol disnlphonio acid 

C«Hj-N2-C,„H4(SO,H)a(OH) From sodium (3) 
naphthol disulphonate and diazo benzene nitrate 
Sol water Barium salt is si sol water 
(Stebbms, jun , A C J 2, 236) 

Benzene azo (a) naphthylamine 
C^H — Nj— CjoHgNHj Prepared by the action 
of diazobenzene sulphate on (a) naphthyl 
amine (Griess, T 1864, in 679 , Weselsky a 
Benedikt, B 12, 228) — B' H S04 4aq micro 
Bcopic needles , difficultly soluble in water 
Benzene-azo-(3)-naphthylaniine 

/NH 

CgH^-Nj-C^gHgNH^ or C,oHg<; | 

\N H CgHg 

Benzene hydrazimido naphthalene [104°] Bed 
tnmetric tables or long fine red needles Easily 
soluble in alcohol and acetic acid, insoluble in 
water Dissohes in strong H SO4 with a blue 
colour Its salts exist only in presence of a large 
excess of acid Formed by combination of 
diazobenzene wnth (3) naphthylamine By boiling 
with 20 p c aqueous H2SO4 it is slowly decom 
posed mto (3) naphthylamine, phenol, and 
nitrogen On reduction it gives aniline and 
(1, 2) naphthylene diamine On oxidation it 
gives benzene azimido naphthalene {q v ) 

Acetyl derivative CigHi^AcNa [153°] 
Small red needles, easily soluble m alcohol, in- 
soluble m water 

Benzoyl derivative [163°], 

red crystals (Lawson, B 18, 796) 
Benzene-o-azo-nitro-benzene 
CgH,— N2-~C,H4(N02) [1 2] Nitro azohenzene 

[123°] Formed by nitration of benzene azo ben- 
zene in acetic acid at 100° Orange yellow 
minute needles V sol alcohol Alcoholic 
NaOH gives a beautiful emerald green coloura- 
tion , by long boiling or by treatment with sodium 
amalgam it is further reduced to a compound 
C^.HigNjO Tm and HCl or ammonium sulphide 
first reduce it to benzene 0 azo aniline and then 
to aniline and 0 phenylene diamine By bio- 
mination in acetic acid it yields bromo nitro- 
benzene [123°] or [132°] (Janovsky a. Erb, B 
19 .2167 , 20, 860 , M 8, 66) 
Benzene-p-azo-xiitro-benzene 
0^. N, NOj [1 4] [137°1 Small yellow 

needles (from alcohol) Formed by nitration of 
benzene azo benzene By NH^HS it ifl reduo^ 
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to ordinary ben/one azo anilino Alcoholic 
NH^HS produces red crystals of an intermediate 
NOH 

nitrolic acid I (?) [134°], 

CAN, CA-NOH 

which forms a blue solution m NaOHAq 
K^eCy, reoxidises it to benzene azop nitro- 
benzene By complete reduction it yields aniline 
and p phenylene diamine (Laurent a Gerhardt, 
A 75,73, Janovsky.B 18,1133, M 6.164,455) 
Benzene-azo-tn-nitro -benzene 
0A~N2— CACNOJs [142°^ By action of 

HgO on an alcoholic solution of the correspond 
mg hydrazo compound (E 1 ischor, A 190, 133) 
Slender red prisms (from alcohol) 
Benzene-azo-nitro-iso-butane 
CgH, — N, — CH(NO )Pr From diazobenzene ni 
trate and potassium nitro iso butane (Zublin, 
B 10, 2088) Oil I^rms an orange solution 
in alkalis 

Benzene-azo-nitro-ethane C^H„NjO, i e 
CgHj — Nj— CH(NO,) CHg [137^J From diazo 
benzene nitrate and sodium nitroethane (V 
Meyer a Ambuhl, B 8, 751, 1073) Rectangular 
orange crystals , v sol alcohol and ether, insol 
cold water, sol aqueous alkalis forming a blood 
red solution Dyes silkjellow Cone H SO^ forms 
a violet solution It crystallises unaltered from 
aqueous NH, (Barbieii, B 9, 38b) but such a 
solution gives pps with metallic salts 

Salts —CAKAO 4aq -C.H.Na NA7aq 
— CgH^ZnNsO, 3aq — CsHrl'bNsO^PbO 2 ^aq 
Benzene-az )-nitro-methane 
C.Hj— N,— CH, NO, [153°] From diazoben 
zene nitrate and sodium nitromethane in very 
dilute solution (Inese, B 8, 1078) Slender red 
needles (from alcohol) Cone H,bO, gues a 
purple solution Decomposed by HClAq only 
after long boiling 

Benzene-azo-tn nitro phenol 
CA—N — C,H(N0 )^OH Long brown prisms 
Insol cold, si sol hot, water , v sol alcohol 
Explodes at 70° Dyes silk and wool orange- 
yellow Prepared by the action of a salt of 
diazobenzene on an alcoholic solution of picric 
acid (Stebbins, jun , A C J 1, 4G5 , 2,236, 
C N 41, 117, B 13, 43) 

Benzene-azo nitro propane 
CA— N2-CH(N0,) CH, CH, [99°] From po- 
tassium mtropropane and diazobenzene nitrate 
(V Meyer, B 9,38b) Orange needles, sol alkalis 
Benzene-azo-iso-nitro-propane 
OA — Nj— C(NO,)(CH3)2 From aqueous diazo 
benzene nitrate and potassium nitro isopropane 
Oil, msol alkalis (V Meyer a Ambuhl, B 
8, 1076) 

Benzene-azo-o-oxy-benzoio-aoid 
CA — -CA(C>H) CO,H From diazobenzene 
nitrate and an alkaline solution of salicylic acid 
(Stebbins, ]un , ^ C J 1, 465, B 13, 715, 
C N 41,117) Orange red needles, msol water, 
T sol alcohol or ether Dyes wool orange 
Bensene-as<^>di-oxy naphthalene 

C.H.-N,-0,A(OH), or O..H,(OH) 

Oxy - (a) - naphthoqmnone phenyl - hydraztde 
[230°] Formed by the action of phenyl- 
hydrazine on oxy naphthoquinone m aqueous- 
alcohoho solution Yellowish red ghstenmg 
needles V sol ether, hot alcohol, and hot 
acetic acid. 


Salts —The alkah salts form slender orange 
needles, sol alcohol —A'^Ba lOaq yellowish- 
Drown plates or long red needles — A'^a4aq 
slender orange needles — A'Ag reddish brown 
amorphous pp 

Acetyl derivative [179°], red needles# 
Methyl ether kMe [175°], red needles 
Ethyl ether A'Et [173°] , yellowish red 
needles, v sol hot alcohol and hot acetic acid 
Bromo derivative OiAnSrOjNj [198°], 
large red needles, si sol alcohol (Zincke a 
Thelen, B 17, 180J) 

Benzene-azo phenol 0 A — Nj — OH[l 4] 

Oxy azo benzene [154°] 

Formation — 1 A product of the action of 
BaCO, on diazobenzene nitrate in the cold 
(Griess, A 137, 84) — 2 From benzene azo ben- 
zene sulphonic acid by potash fusion (Griess, A 
154, 211) — 3 From diazo benzene nitrate and 
CA OK (Kekul6 a Heidegh, ^ [2] 6, 384) —4 
By the action of p nitroso phenol (20 pts ) on 
aniline acetate (60 pts ) (Kimich, B 8, 1499) — 
5 By gently warming benzene azoxy benzene, 
CAs— Np— C with H2SO4 (Wallach, B 13, 
525 , 14, 2617) 

Properties —Purple pyramidal plates Insol 
cold water, sol alkalis , v sol alcohol Bro 
mine in acetic acid gives a compound [139°] 
Salt — AgA' 

Acetyl derivative — PhNjCAAAo 
[85°] (above 360°) Golden scales 

Methyl ether — PhNAaHpMe [64°] 
Yellow scales 

Benzene-azo-phenol sulphomo acid 

CAs-N,— CA j(OH)(S 03H) [1 4 3] From diazo 
benzene nitrate and an alkaline solution of 
phenol o sulphonic acid (Griess, B 11, 2194) 
Rod needles or tables , sol water and alcohol — 
KA' 

Benzene-azo-phenol sulphonic acid 
C,AhN^(OH)(S 03H) From benzene azo phenol 
and fuming HPO4 (Tschirvinsky, B 6, d60) — 
BaA'22aq — CuA'26aq — MgA'jGaq — KA' 
Benzene-azo-phenol di-sulphonic acid 
C,2H;N2(0H)(S0,H)2 From azoxybenzene 

(1 pt ) and fuming (10 pts ) by heating 

for 3 hours at 150° (Limpncht a Wilsing, A 
216, 232, B 15, 1297) Orange needles, v e 
Bol water, v sol dilute acids 

Salts — K2A'2aq red needles, si sol cold 
water , not attacked by Br — BaA" aq orange 
crystalline pp — AgjA" red crystalhne pp 
Benzene-azo phenol tetra-sulphomc acid 
*0, HA2 (OH)(SOjH )4 From azoxybenzene 

and fuming H^SO^ (L a W ) Will not crystal 
hse Salts -C,A5N2(OK)(SOsK)47Uq , long 
yellow needles Gives with bromine water a pp 
of tri bromo phenol [92°] — Ba^A*’ 7aq orange 
crystalline pp 

Other benzene-azo phenol sulphonic acids are 

described as Oxy-henzene azo benzene sulphonto 
acidsj and sulpho-benzeiie azo phenol sulphonic 
acids 

Benzene-azo diphenylanune 
CA5--N2-CA4NHCA3 [82’] (O N Witt, 
C J 85, 185, B 12, 259) A solution of dt 
phenylamine (17 g ) m alcohol (100 0 c ) is added 
to a solution of diazo benzene chloride (14 g ) 1x1 
alcohol (50 g ) The brown mixture is cooled 
with ice, and alcohohe NMe, (used mstead of 
NH, because NMe,HCl is soluble m alcohol) u 
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Added from time to time to neutralise the liquid 
The oil which separates is punfied by a lengthy 
process, and hnally crystallised from benzoline 
Properties — Golden leaflets or needles Sol 
benzene, alcohol, and ether HCl turns its 
alcoholic solution violet , steel grey crystals of 
the hydrochloride separating The base forms 
A green solution with H^SO^ turned, by adding 
water, into indigo, violet, and finally red With 
amyl nitrite and acetic acid it forms a nitrosamme, 
Ph N(NO) C H,N,Ph, [120^], forming orange 
needles sparingly soluble in alcohol and acetic 
acid, readily in benzene 

Benzeae-azo-wi-phenylene diamine 
O^Hs— N2— C«H3(NH,), fl 2 4] Chrysoidine 

[117 5°] (W ) , [110°] (H ) From diazobenzene 
salts and m phenylene diamine (Witt, B 3 0, 
dSO, 654 , Hofmann, B 10, 213, 388 , Griess, B 
10, 390) Slender yellow needles (from water) , 
b1 sol water, v sol alcohol Reduced by am 
momum sulphide at 150° to aniline and (1,2 4) 
tn amido benzene The absorption spectrum has 
been examined by Hartley {C J 51, 178) — 
black octahedra or small red silky 
crystals, its aqueous solution is orange, but 
turned red by HCl— B' ^H^PtClg -13 'HNO, 

Di acetyl derivative 
Ph— N,— C„H3 (NHAc) [251°] 

Benzene-azo-m-phenyleue-diamine sulphonic 
acid C^Hs— Nj— C,H,(NH,),(SO jH) Chrijsoidiyie 
sulphonic acid Glistening spangles or needles 
SI sol water and alcohol Prepared by the 
action of diazobenzene chloride on a salt of 
w phenylene diamine sulphonic acid ANa 
soluble golden needles — A'^a orange needles 
(Ruhemann, B 14, 2655) By the sulphonation 
of chrysoidine an isomeric acid is formed {v 
Di amido benzene azo benzene sulphonic acid) 
Benzene azo - di- phenyl - methyl - pyrrol-car • 
boxylic acid Ca^Hj^O^Nj i e 
UOJJ C CMev 

I >NC,H,N 2 C«H, [195°] Obtained 
HC CPh^ 


by saponification of its ethyl ether, which is 
formed from an acetic acid solution of aceto 
phenone aoeto acetic ether (1 mol ) and benzene 

L azo aniline (1 mol ) on standing for two days 
i-rge red crystals V sol alcohol, ether, and 
benzene , si sol ligroin and acetic acid , lusol 
water, and cone acids Gives Laubenheimer’s 
reaction 

Ethyl ether EtA' [123°], splendid red 
crystals , v sol benzene and ligroin, si sol 
alcohol, ether, and acetic acid (Paal a Schneider, 
h 19, 3162) 

B6niene-azo-phenyl-(^) naphthyl-amine 
CjaH„N. % e C^H^— N2- CjoHeNHC^Hj or 

I 

HC,H. 

Benzene phenyl hydrazimido naphthalene 
[142°] Obtained by combining diazo benzene 
chloride with phenyl (3) naphthyl amine in 
alcohohc solution It is also formed by the 
action of an acetic acid solution of anilme upon 
phenyl (^) naphthyl nitrosamme Small red 
glistening needles 

Beactions —1 By heating with oonc HCl it 
yields naphthophenazme j and 


aniline — 2 Bromine acting on the hot acetic 
acid solution forms tetra bromo phenyl (i8) 
naphthylamine with evolution of nitrogen — 3 
It IS reduced by SnClg to aniline and phenyl- 
o naphthylene diamine 0,oHj(NH^)NHCyHft —4 
By oxidation with K^Cr^O, in acetic acid solu 
tion the chromate of a powerful ammonium 
base Cj^HjjjNgOH is formed , the latter possibly 
.N(0H) 

has the constitution Cj<,Hg^ | \ 

\n N CgH, 

V Naphthalene di phenyl w is hydrate 

(Henriques, B 17, 2G'^i Zmeke a Lawson, 
B 20,1167) 

Benzene azo-di-phenyl-thio-urea 

CHj-N,— Cgll.NHCSNHPh [179°] Plates 
Formed by combination of phenyl mustard oil 
with benzene azo aniline (Berju, B 17, 1405) 
Benzene-azo-pyrogallcd 

C H3— N — C H (OH)s Prepared by adding an 
aqueous solution of diazobenzene nitrate to an 
alkaline solution of pyrogallol (Stebbins, jun , 
A C J 1,465, 2, 23b, B IG, U , C N 41, 
117) Red needles (from acetic acid) Insol 
water, sol alcohol Its alcoholic solution dyes 
silk and wool orange 

Benzene p azo-resorem 

C H -N,— CgH^OH) [1 2 4] [161°] or [170°] 

h rom diazobenzene nitrate and resorcin (Typke, 
B 10, 1577, Wallach, B 15 2819, R Meyer, 
B 16, 1329) Formed also by gently warming 
diazobenzene anilide with resorcin, aniline being 
eliminated (Heumann a Oeconomides, B 20, 
905) Slender orange needles [170°] or short 
red needles [16l°], insol vvater, sol aqueous 
alkalis, V e sol alcohol 

Acetyl derivative [102°] 

Mono ethyl [87°] Scarlet needles 

Diethyl ether [10°] Yellowish redneedles 
Benzene-o azo-resorem C^Hg CgH3(OH)2 
[1 2 6] Formed in small quantity (about 5 p c ) 
in the preparation of the p isomeride 

Mono ethyl ether CgH^ N2 C8Ha(OH)(OEt) 
[150°] Long fine scarlet needles , v e sol alco 
hoi and ether, insol water , dissolves in aqueous 
alkalis with a brownish red colour 

Di ethyl ether [90°] 

Large red glistening tables , v sol ether, hot 
alcohol and acetic acid, msol water (Pukall, B 
20, 1145) 

Benzene-azo thymol 

CgHj— Nj— CgH2MePr(OH) [1 2 5 4] [85°-90°] 
From diazobenzene chloride, and an alkaline 
solution of thymol (Mazzara, Q 15, 62, 228) 
Reddish yellow needles Reduction followed by 
oxidation gives thymoquinone 

Benzene-azo-thymol-sulphonic acid 
CgH,~N2-CgH(CH3)(C,H,)(HSO,)OH [216°] 
Small yellow prisms Yellow colouring matter 
Prepared by the action of diazobenzene chloride 
on a salt of thymol sulphonic acid Salts — 
A'Na small yellow crystals — A',Ba fine hair 
like needles (Stebbins, B 14, 2793) 

Benzene-p-azo-toluene CgHj— Nj — CgHj(CH,) 
[63° corr ] Formed by diazotising amido ben- 
zene p azo toluene CgH4(CH,) — N, — CgH4(NH2) 
dissolved in alcohol ana boilmg the solution 
(Schultz, B 17, 466) Orange red plates , v sol 
alcohol Volatile with steam By treatment 
with alcohohc SnCl, and H,804 it is converted 
into a base melting at [I 16 °] 
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Bansene-azo-m-tolylene diamine 

C,n»— Nj- CJH,Me(NH,)2 Yellowneedles Easily 
Boluble in alcohol, sparingly in water Prepared 
by the action of diazobenzene chloride on (1, 2, 4) 
tolyleno diamine, [99^] — B'HCl orange red 
needles (Stebbins, jun f A C J 1, 465 , JB 13, 
717, C N 41, 117) 

Benzene - azo - xylenol C«Hj O^H^Me^ OH 
[1 8 5 2] [175°] Formed by combining diazo 

benzene chloride with m xylenol CrfHsMe^(OH) 
[1 3 4] (Grevingk, B 19, 148) Slender brownish 
red needles V sol alcohol, ether, and benzene, 
insol water On reduction it yields aniline and 
o amido m xylenol C„H Me^(NHJ(OH) [5 3 2 1] 
Bromo amido-benzene-azo jp-bromo-aniline 
Diacetyl derivative 
[2 5 1] NHAc C^H^Br— N^— C,H,Br NHAc[l 5 2] 
[282°] Formed by warming acetyl bromo nitro 
aniline CaH3(NHAc)Br7N02) [2 5 1] with zinc and 
cone NH,Aq{C H Matthiessena Mixter, Am 8, 
847) Pale red substance 

p Bromo benzene azo benzene p snlphonic 
acid [4 1] C,H,Br — — C„H,(SO,H) [1 4] 

Formed by Bulphonation of benzene p azo bromo 
benzene or by bromination of benzene azo ben 
zene p sulphomc acid Flat needles (containing 
8aq) 

Salts — KA' rhombic tables — NaA' 
yellow silky needles, si sol water (Janovsky, M 
5, 162, B 20, 358, M 8, 51) 

m Bromo benzene azo benzene p sulpbooio 
acid [3 1] C„H,Br— N — C,H,(bOaH) [1 4] 
Formed by sulphonation of benzene m azo bromo 
benzene with fuming sulphuric acid Glistening 
golden plates (containing 1^ aq) 

Salts — KA' yellow pearly pp of micro 
scopio needles — NaA' pp v si sol water 
(Janovsk} a Erb, B 20, 359) 

0 Bromo benzene o azo bromo benzene 
j2 1] C,H,Br-N2— C,H,Br [12] [185°] A 

product of the biomination of benzene azo 
benzene in HOAc (Janoiskv, Af 8,50, B 20, 
337) Golden plates, si sol alcohol On nitra 
tion it gives a tri nitro derivative [135°] 
p Bromo benzene p azo bromo benzene 
[4 1] C«H,Br-N2— C^H^Br [1 4] [205°] Formed 
by bromination of benzene azo benzene (Werigo, 
A 135, 178 , 165, 189) Formed also by reduc 
tion of p bromo nitro benzene with zinc dust 
and alcoholic KOH (Schultz, B 17, 465) 
Yellow needles By alcoholic SnClj and H2SO4 
it 18 converted into a di biomo di amido 
diphenyl Fuming H^SO^ forms a sulphomc 
acid C.^H^r^N^SOgHSaq (W ) 

m Bromo benzene m azo bromo benzene 
[3 1] C«H,Br— Nj-C^H^Br [1 3] [126°] From 

the corresponding hydrazo compound by Fe^Cl, 
(Gabriel, B 9, 1407) 

Tnbromo-benzene azo dimethyl aniline 
CABr,— Ns— C,H,(NMe 2 ) [161°] Formed by 
adding an alcohohe solution of dimethylaniline 
(2 mol ) to CaHjBrjNj N O, (1 mol ) Cry stallme pp 
Bed plates (from glacial acetic acid) Insol 
water, hardly soluble in alcohol It combmes 
with cone HCl (Silberstein, J pr [2] 27, 124) 
Tribromo - benzene azo - methyl - diphenyl* 
amine N^— C«H,NPhMe [138°] 

From C^HjBr^jNO, and NPhjMe m alcohol 
Small brownish red plates (from glacial acetic 
geld) Insol water, si sol alcohol Does not 
comoiDe with HCl (Silberstein, J pr [2] 27,125) 


Bromo benzene azo (a) naphthol 

[4 1] C^,Br— Nj— C.XOH [1 4] [196°] From 
j5-diazo bromo benzene and (a) naphthol, or 
by bromination of benzene azo (a) naphthol 
(Mazzara, O 14, 271) 

p Bromo benzene - azo {$) naphthol 
[4 IJ C,H,Br— N^— 0, AOH [1 2] [161°] From 
p diazo bromo benzene and (B) naphthol, or from 
benzene azo (3) naphthol and bromme (Mazzara. 
O 13, 438) Orange needles 

p Bromo-benzene p azo nitro benzene 
[4 1] C,H,Br-N2-CA(N02) [14] [108°] 

Formed by nitration of benzene p azo bromo- 
benzene Yellow needles V sol alcohol 
(Janovsky a Erb, B 20, 358) 

Bromo benz‘»ne azo di nitro benzene (?) 

[4 1] C„H,Br-N [1 2 4] (?) [190°] 

Formed by nitrating benzene p azo bromo ben 
zene (Janovsky, M 8, 52) 

p B’*omo benzene azo nitro ethane 
[4 1] C„H,Br-N2— CH(N02) CH3 [0 137°] 

Fromp diazo bromo benzene nitrate and potas 
Slum mtro ethane (Wald, B 9, 393) Brick red 
crystals (from dilute alcohol) , sol ether, glacial 
HOAc, and chloroform Salt — CgH^ENjO^Br 
Di bromo di inudo di hydro anthracene azo.- 
di b omo di imido-di hydro-anthracene 
Cj.H^BrgN, or 

NH NH 

(7) 

NH NH 

[233°] Prepared by heating dibromo nitro 
I anthraquinone with alcoholic NH3 (Claus a 
Diernfellner, B 14, 1335) Red needles Sub 
limable SI sol alcohol and ether, insol water 
or aqueous acids and alkalis 

Bromo * di - ozy - benzene azo - bromo 
hydroqninone Tetra methyl derivative 
C,H Br(OMe)2 -N^— C,H BrrOMe)^ [220°] 
Formed by bromination of the tetra methyl 
derivative of di oxy benzene azo hydroquinone 
(Baessier, B 17, 2125) Bed crystalline solid, 
V sol benzene, chloroform, and CSj, v si sol 
alcohol, insol water 

Bromo sulpho-benzene azo benzene lulpho- 
nio acid 

[6 3 1]C H^r(S03H)— N,— C H3Br[S03H)[l 6 3] 
Formed by oxidation of a neutral aqueous 
solution of bromo amido benzene sulphomc acid 
C,H3Br(NHJ(S03H) [4 3 1] with KMnO, 
Salts — KA"2aq glistemng red tables (Lim 
pricht, B 18, 1422) 

Bi bromo snlpho benzene azo di bromo ben 
zene snlphonic aoid 

•■2 6 4 l]C,H;3r,(S03H) N, C^H^raSOsHfl 2 6 4] 
From potassio di bromo 0 - amido benzene 
Bulphonate and KMnO^ (Bodatz, A 215, 222) 
Bed plates (containing 2aq) V sol water or 
alcohol Beduced by SnClj to the onginal 
C3H,(NH,)Br2SO,H Salts — K3A"2aq — 
BaA" 8aq — CaA'' 4aq — PbA" 

C/iZoride — [258°-262°] Brown plates 
Amide — Violet silky needles 
2)i • bromo - siilpho - benzene - azo > di - brom9« 
benzene enlphonio aoid 

[4 6 8 l]C3H3Br3(SO,H) N, C3H2Br3SO,H[l 4 6 8]. 
From potassio di bromo amido b^zene snlpho 
nate and EMnO^ (Bodatz, A 215, 216) Slender 
red needles, containing li aq (from water) V, 
sol water, v e lol alcohcd Reduced by SnClf 
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to the original SO,H Salts — 

KaA'^Saq ~BaA"aq— CaA' 4aq -PbA"2^aq 
Chloride —[233°] Brick red needles 
Amide — Microscopic orange needles (from 
aloohol) Does not melt 

An acid isomeric with the above may be got 
by_ the action of KMnO^ on the tetra bromo 
hydrazo benzene di sulphonic acid of Jordan, 
A 202,361 

Tri - bromo - snlpho - benzene - azo-tn - bromo- 
benzene sulphonic acid [24 6 3 1] 
C,HBr,(SO,H)-N 2 - C«HBr,(SO,H) [1 2 4 6 3] 
From potassic tri bromo m amido benzoate by 
KMnO^ (Rodatz, A 216, 226) Flat orange 
needles Reduced by SnCl^ to the original 
C«H(NH2)Br3 SO^H 

I^''3aq — BaA"2aq — CaA '7aq — PbA"4aq 
Chloride — [222-’-224°] Dark violet tables 
Amide — Brown crystals that do not melt 
Di-bromo - snlpho - benzene - azo- (0) naphthol 
C,H.,Br,(S 03 H)— N,-C,oH,OH (Stebbins, C N 
42, 44, ^ C J 2,236) From diazo di bromo 
benzene sulphonic acid and an alkaline solution 
of (B) naphthol 

Di-bromo - s ul pho - benzene - azo-di - oxy-naph- 
thalene C,H 2 Br,(S 03 H)— N,— C.oH (OH )2 From 
diazo dibromo benzene sulphonic acid and an 
alkaline solution of dioxynaphthalene Needles 
(Griess, B 11, 2199) 

Bromo -sulpho - toluene - azo - bromo -toluene 
sulphonic acid NjIC.H^BrMe SOsH)^ [1 ’ 4 5] 
From potassic bromo p toluidine sulphonate (of 
Jenssen) and KMnO^ (Koraatzki, A 221, 186) 
Red tables with pointed ends Salts — 
KjA" 4aq — BaA" 5aq — CaA"4\aq — PbA" 6aq 
Chloride — [22b°] Groups of red prisms 

Amide — [above 260°] red powder 
Di bromo - sulpho toluene azo di bromo 
toluene sulphonic acid N (CeHBr^Me SO^H )2 
[1 ? ? 2 6] From potassic di bromo o toluidine 
sulphonate (of Hayduck) and KMnO, (Kornatzki, 
A 221, 188) Blood red plates Salts — 
K,A"2aq — BaA"9aq — CaA"8aq — PbA"9aq 
Chloride [243°] Red swallow tailed plates 
Amide — [218°] Powder 

Di butyl p amido benzene azo di butyl 
aniline (C,H,)2N C«H,— N2— C„H,N(C 5 ,H ,)2 Di 
butyl-aniline azyline [168°] Red needles 
Formed by passing NO through an alcohohc 
solution of di butyl aniline 

Periodide — B" 4 l, dark crystals with blue 
reflection (Lippmann a Fleissner, B 15, 2142 
and B 16, 1421 , M 3, 713) I 

m Carbozy benzene azo aceto acetic acid 
C,H4(C02H)— Nj-CHAc CO 2 H Formed by the 
action of the sulphate of m diazo benzoic acid 
upon aoetoacetic ether in alkaline aqueous 
solution (Gness, B 18, 962) Small yellow 
plates or needles Soluble in alcohol, nearly 
insoluble in water Bitter taste 

0 Carbozy benzene o azo benzoic acid 
[2 1] C8H4(C02H)-N2— CO 2 H [1 2] 
o Azo benzoic acid [238 ] Mol w 270 From 
0 mtro benzoic acid and sodium amalgam (Griess, 
B 10, 1868) Dark yellow hair like needles 
Insol water, m sol alcohol 

Salts ~BaA"7aq — BaA"9aq — Agjif' 
Ethyl ether Eijk!' [139°] From o-nitro- 
bcnzoio ether by sodium amalgam Scarlet 
needles (Fittica, J pr [2J 17| 216) 


i;i-Carbozy benzene m aso benzoic acid 

Nj,(O^H 4 CO^HJj [1 3] m Azohenxoic acid From 
w-nitro benzoic acid by sodium amalgam 
(Strecker, A 129, 134) Amorphous powder, 
decomposed by heat, v si sol water, alcohol, 
and ether Gives phenazine when distilled 
with lime Its copper salt gives azobenzene on 
distillation HgO and iodine gives an amor 
phous di lodo derivative, Ci^HgL^N^O^ (Benedikt, 
B 8, 386) Salts — BaA" 5aq — AgA" 

Ethyl ether [99°] By the action of 

EtI on AgA^Golubeff {B 7, 1651) obtained two 
bodies isomeric with this ether, one melting at 
76°, the other being a monobasic acid 
p Carbozy benzene p azo benzoic acid 
N 2 (C^H 4 CO^H)^ [1 4] From p nitro benzoic acid 
and sodium-amalgam (Beilstein a Reichenbach, 
A 129, 144 , Bilfanger, A 135, 154) Formed, 
together with azoxyben*Dic acid, by boiling 
nitro benzil with alcoholic KOH (Zinin, ^ 1868, 
563) Flesh coloured amorphous powder insol 
water, alcohol, and ether Gives phenazine 

when distilled with lime Salts — (NHj 2 A"aq — 
Na^A" — CaA"3aq — BaA" — Ag 2 A" 

Ethyl ether EtA^' [88°] (Fittica, 

J pr [2] 17, 216) 

m-Carbozy benzene azo malonio acid 
C H4(C02H)— N - CH(C02H)2 Formed by the 
action of the nitrate of m diazo benzoic acid on 
malonic ether m alkaline aqueous solution 
(Griess, B 18, 962) Microscopic orange needles 
or plates Easily soluble in alcohol 

Carbozy benzene azo di methyl amdo-ben- 
Eoic acid C,H4(C02H) Nj C.HgNMe^ CO^H From 
m diazo benzoic acid and dimethyl m amido 
benzoic acid (Gness, B 10, 525) Brown pp 
m Carboxy-benzene-azo-nitro-methane 
C H4(C0 H) N 2 CH (NO ) Formed by adding 
the nitrate of m diazobenzoic acid to a dilute 
aqueous alxalme solution of nitromethane 
(Griess, B 18, 961) Yellowish red plates Sol 
hot alcohol and ether, v si sol water 
m Carbozy-benzene-azo (3)-naphthol 
C„H4(C02H)— Nj— C,oH,(OH) [235°] Prepared 
by the action of m diazo benzoic acid on an 
alkaline solution of ($) naphthol (Griess, B 14, 
2035) Reddish yellow needles or plates Sol 
hot alcohol, si sol cold alcohol and ether, insol 
water 

Salts A'2Ba3|aq red microscopic needles 
A K2aq easily soluble yellow needles or plates 
Ethyl ether A'Et [104°] Yellowish 
red needles or plates Sol ether, insol water 
Amide — Slender orange needles Si sol 
alcohol and ether, insol water 

m Carbozy - benzene-azo - (/3) - naphthol sul- 
phonic acid C«H4(C02H)— N3 — C,oH3(OH)(HSO,) 
Prepared by the action of m diazo benzoic acid 
on an alkaline solution of {B) naphthol sul 
phonic acid (Griess, B 14,2036) Brown needles 
or plates Sol hot water, si sol cold water and 
alcohol, insol ether Dyes wool and silk a 
sp’endid orange — A"2H2Ba4aq orange pp of 
slender needles 

m Carbozy-benzene-azo ( 3 ) naphthol di snl 
phonio acid C,H4(C02H) N^ C,oH4(OH)(HSO,)^ 
Prepared by the action of w-^azobenzoic acid 
on (B) naphthol (o) disulphomc acid in alk^ine 
solution (Griess, B 14 , 2037 ) Yellowish red 
microscopic needles l^es silk and wool tax 
orange scarlet 



AZO- COMPOUNDS. 881 


Salts —BaHA"'6aq red crystallme pp — 
Ba^'", ,12aq red mioroscopic needles 

Carboxy beiiEene-aco phenol v Oxy benzene 
tufo-benzotc acid 

Di carboxy bensene azo phthahc aoid 

C,H,(CO,H),— N2-C,H,(C02H)2 Azo phthaltc 

[about 260°] Prepared by reduction of 
nitro phthahc acid with sodium amalgam (H 
Muller, Claus a May, B 14, 1330) Small 
yellow needles si sol water, alcohol, and ether 
Salts — A'''Na4l0aq yellow monoclinio 

pnsms, V sol water — A' K^Oaq long yellow 
needles — A'^^MgalSaq large orange crystals — 
A‘’Ag4 yellow insoluble pp — A‘''Ba^ yellow 
insoluble pp 

Di-carboxy-benzene-azo tere phthahc acid 

[6 2 1] CA(C0,H)2-N2— C,H3(C0,H), [1 5 2] 
A^o terephtJialic acid 

Formation — 1 By oxidation of hydrazo 
terephthalic acid with nitrous acid — 2 By 
reduction of nitro terephthalic acid with sodium 
amalgam (Homolka a Low, B 19, 1092) 

Yellow needles Sol alcohol and ether, si 
sol water Decomposes above 200° 

Carboxy naphthalene azo (;8) naphthoic acid 
C,oH,(C 02H)-N2 -C,oH«(CO,H) From a nitro 
{^) naphthoic acid by ammonium sulphide 
(Rakowsky, B 6, 1022) 

exo Carboxy-toluene-azo-phenyl-acetic acid 
COHCH C,H4— N,— C,H,CH CO H S (cold 
alcohol) 0 375 , (hot alcohol) 1 67 Insol hot 
water, ether, and benzene Does not melt below 
800° Formed by the action of sodium amalgam 
on nitro phenyl acetic acid [151] (Wittenberg, 
Bl [2J 43, 111) 

Carboxy toluene - azo - toluic acid 

[5 2 l]CAMe(CO,H)-N,— C,H,MeCO,H[l 5 2] 
Azo p toluic acid [184^] From nitro p toluic 
acid by sodium amalgam (Fittica, B 7, 1358) 
Minute yellow needles, m sol boilmg water, 
V sol alcohol 

p Chloro’ benzene -azo benzene p sulphonio 
acid [4 IjC.H^Cl— N,— C«H4(S03H) [1 4] [148°] 
Formed by warming jp chloro azo benzene with 
fuming sulphuric acid (10 p c SO^) at 60°-70° 
Brown needles , v e sol water and alcohol It 
18 reduced by SnCl^ to p chloro aniline and p 
sulphanilic acid 

Salts — A'Na large orange yellow pearly 
plates or small needles, si sol cold water — 
A'jBa glistening flesh coloured needles — The 
K, Mg, Ca, Ag, Cr, and Fe, salts are white to 
dark yellow needles , the Cu salt forms green 
plates , all are sparingly soluble 

Chloride C.H^Cl N, C.H^ SO,Cl [130°], 
glistening red prisms, easily soluble in alcohol 
and ether 

Amide CaH^Cl C.H^ SO.NHo [211°] , 
yellowish brown prisms , sol hot alcohol, 
sparingly in ether and cold alcohol, msol water 
(Mentha a Heumann, B 19, 2972) 

m Chloro benzene m azo chloro benzene 
[13] C^H^Cl— N^— C0H4CI [13] Azo chloro 
benzene [101°] Obtained by acting with Fe^Cl„ 
on m di chloro hydrazo benzene m alcoholic 
solution (Laubenheimer, B 8, 1026) Orange 
needles (from alcohol) 

p Chloro benzene p azo ohloro-benzene 
[4 1] C.H4CI— Nj—CjH^Cl [1 4] [184°] Fromp 
ehloro - benzene -p- azo - nitro benzene and 
alcoholic potash (Willgerodt, B 15, 1002) , or 


from di chloro azoxybenzene and fummg n^S04 
(Heumann, B 6, 918, 918) Yellow needjes 
p Chloro benzene- azo > ehloro benzene snl- 
phonio aoid [4 1] C^H^Cl N,.CeH,Cl SO,H [1 4 ?] 
Prepared by sulphonation of the preceding body 
(Calm a Heumann, B 13, 1183 , 15, 2558) 
Slender reddish yellow needles Sol water ami 
alcohol Salts —A'Na golden plates, si sol 
cold water — A'K reddish yellow glistening 
plates, sol hot water, and alcohol — A'Ag— * 
A' Ba yellow crystalline pp — A'^^Ca golden 
yellow plates — A'sPb orange glistening plates 
Chloride C.^H.ClsNjSO^Cl [161°] Long 
orange red needles 

Chloro - benzene azo - chloro phenol 

[3 1] Cl C.H,— N3-C,H3C1(0H) [1 3 ?] [115°] 

Formed by the action of fuming H SO4 on 
m di chloro azoxybenzene (Schultz, B 17, 465) 
Brown plates 

Chloro benzene azo chloro mtro benzene 

[4 1] C.H^Cl— N — CAC^NO,) [1 4 ?] [210°] 
Prepared by reducing di chloro nitro azoxy 
benzene with cold alcoholic NH^HS (Calm a 
Heumann, B 13, 1184) Yellow needles SI 
sol alcohol 

m Chloio benzene azo di methyl aniline 

[3 1] C.H^Cl— N,— C.H^NMej [1 4] [98°] Yellow 
plates Tolerably soluble in alcohol Pre 
paied by adding sodium nitrite (1 mol ) to a 
solution of m chloraniline (1 mol ) and di 
methylanilme (1 mol ) in dilute H^S04 (Staedel 
a Bauer, B 19, 195o) 

p Chloro-benzene-p azo-nitro-benzene 
[1 4] C^H^Cl N, C3H4(N0,) [1 4] [133°] Formed 
by nitration of p chloro azo benzene with fuming 
HNO3 Yellow needles , v sol acetic acid and 
hot alcohol, si sol cold alcohol, insol water It 
is reduced by SnClj to p chloro aniline and p 
phenylene diamine (Mentha a Heumann, B 
19, 2971) 

p Chloro benzene-azo phenol 
C.H^Cl— N,-C,H4(0H) [152°] Formed by 

gently warming p chloro diazo benzene chloro 
anilide with phenol, p chloraniline bemg elirai 
nated Reddish yellow needles (Heumann a 
Oeconomides, B 20, 906) 

Cumene azo cumene PrC^H^ — — C^H^Pr 
Azo cumene [108°] From nitro cumene, [ - 85°], 
by sodium amalgam (Pospekhoff, J R 1886, 
49) Thin yellow leaflets, si sol cold alcohol 
if Cumene azo \f oumenol 
[2 4 5 1] CJI,(CH,), N, C,H(CH,), OH [1 3 6 6 2] 

1 148°] Formed by combining di azo cumene 
chloride (from if cumidine) with if cumenol [70°] 
(Liebermann a Kostanecki, B 17, 885) Orange 
needles Insol alkalis Dissolves in H^SO* 
with an orange colour No mtrogen is evolved 
on boiling with HCl 

if Cumene azo if cumidine 
[2 4 5 Ij C^HjMe, N^ C^HMej NH^ [1 2 4 5 6] 
[139°] Prepared by the action of cumidine 
hydrochloride upon diazo cumene cumide (di 
azo amido cumene) dissolved in cumidme (Ndl- 
ting a Baumann, B 18, 1147 , Bl [2] 42, 335) 
Orange plates (from alcohol) V sol ether On 
reduction with SnClj it yields cumidine and 
cumylene o diamine Salt — B'HCl yellow 
crystallme powder, readily loses its HCl, dis- 
solves in phenol with a yeUowish brown colour 
Onminic azo euminic acid 
PrC,H,(C03H)-N,-0.ByPrXJ0,H [280°] From 
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nitro eumimo acid and Bodium amalgam 
rAlex6elT, Bl [2] 88, 652 , 42, 321 , / ii 1»8J, 
198 , Alex6eff a Kissel, Bl [2] 40, 72) 

Ethers —MeA" [166°] -Et,A" [104°-108®] 
Cymene azo cymene 

C,H,MePr— Nj-C^H^MePr [8G°] From nitro 
cymene by sodium amalgam (Werigo, Z 1864, 
721) Cherry coloured plates 

kthyl amido benzene azo benzene p 
sulphonio acid [4 1] C„H,(S03H) NHEt 

[1 4] p Sulpho benzene azo ethyl antline 
[c 244°] Obtained by combining p diazo 
benzene sulphonic acid with ethyl aniline m 
acid solution Steel blue needles Nearly iiisol 
alcohol and cold water, si sol hot water The 
sodium salt (NaA') forms orange red plates On 
reduction with (NHJ^S it yields mono ethyl p 
phenylene diamine and p sulphanilic acid 
(Bernthsen a Goske, B 20, 029) 

Di - ethyl -p anudo-benzene-azo-di-ethyl- 
anilineC,H,(NEtJ— N — C«H,(NEt ) Di ethyl 
aniline azyline [170°] Piepared by passing 
NO through an alcoholic solution of di ethyl 
aniline , yield 50 p c of the theoretical lied 
monoclmic crystals, abc==l 7108 9493 /3 = 

90° 30' V sol chloroform, si sol cold alcohol 
Reactions — 1 Nitious ac d acting on the 
acetic solution gives p nitro di ethyl aniline — 
2 On reduction it yields u di ethyl p phenylene 
diamine — 3 Heated with ethyl iodide at 100° it 
gives tetra ethyl p phenylene diamine — 4 Mel 
at 100° gives di methyl di ethyl p phenylene- 
diamine 

Salts — B"H2Cl2PtCl4 small brownish red 
trimetric tables — F errocyanide B"2H^FeC} ^ 
brown plates —Picrate B"(C„H (NOJjOH)^ 
yellow sparingly soluble needles (Lippmann a 
Fleissner, B 15, 2130 , 10, 1415 , M. 3, 286, 
788) 

Di-ethyl amido-benzene azo toluidme 

Acetyl derivative 

[4 1] C,H,(NEt )— N ~C,H3Me(NHAc) [16 3] 
[159°] Fiomdiazotised acetyl to^jlene diamine 
C,Hj,(NHJMe{NHAc) [1 0 3] and di eth^l anilme 
(Wallach, A 234, 859) 

0 Ethyl-benzene o azo-ethyl-benzene 
[2 1]CA(C,H,)-N2-C,H,(CA)[1 2] [47°corr] 
Formed by reduction of o nitro ethyl benzene 
with zinc dust and alcoholic NaOH (Schultz, B 
17, 473) Long red dimetric prisms, a c = 1 3455 
V sol alcohol By treatment with SnClj and 
HCl in alcoholic solution it yields a di amido di 
ethyl diphenyl 

p Ethyl-benzene p-azo-ethyl-benzene 
[4 1]C,H4(C H,)-N2-C,H,(CA)[1 4] [63°corr] 
(above 340°) Formed by reduction of p nitro 
ethyl benzene with zinc dust and alcoholic 
NaOH (Schultz, B 17, 475) Orange red plates 
or thick prisms V sol alcohol By treatment 
with SnClj and H2SO4 m alcohoho solution it 
yields a di amido di ethyl diphenyl 

p Ethyl phenyl amido benzene p- azo -ethyl 
di phenylamine 

[4 1] C,H,NEtPh— Ns^CgH.NEtPh [1 4] [178°] 
From ethyl di phenyl amine and NO (Lippmann 
a. Fleissner, M 4, 796) Monoclmic red crystals 
Ethyl p3rrrol azo (jS) naphthalene 
CjoH^ ^2 C^HjNEt [74°] Obtained by adding 
(iSj^azo naphthalene chloride (1 mol ) to ethyl 
pj^ol (1 mol ) dissolved in alcohol contaimng 
■odium acetate Thick red tables. Sparingly 


Bolnble in dilute HCl Dissolves in oonc H SO^ 
with a dark reddish yellow colour The platino 
chloride forms small sparingly soluble red 
needles (0 Fischer a Hepp, B 19, 2258) 

Ethyl pyrrol azo p toluene 

C„H,Me N^g-CH 

C,H,Me N2 C.HjNEt probably NEt I 

HC = CH 

[G2°] Formed by adding p diazo toluene 
chloride (1 mol ) to an alcoholic solution of 
ethyl pyrrol (1 mol ) containing sodium acetate 
Thick red prisms Dissolves in cone H2HO4 with 
a yellow colour, m dilute HCl with a reddish 
jellow colour The platino chloride forma 
sparingly soluble red needles (0 Fischer a 
Hepp, B 19, 2257) 

lodo-carbozy-benzene-azo-iodo benzoio aoid 

C Hj^CO H)-N — C H,I(CO H) Azo lodo ben 
ZOIC acid Fiom vi amid# benzoic acid, iodine, 
and HgO (Bcnedikt, B 8, 38G) 

Mebi ylene-azo mesitylene 
C H (CHJ,— N^— C H (CHJg Azo mesitylene 

[75° corr ] Piepared by oxidising an aqueous 
solution of mesidine hydrochloride (o pts ) with 
a solution of 45 pts of potassium ferricyanide 
and 10 pts of KOH (Schultz B 17, 47b) Thin 
red needles Sol hot alcohol It does not 
appear to yield a hexa methyl benzidine by 
treatment with SnCl^ and HCl in alcohoho 
solution 

Methyl - amido benzene - azo - benzene - sul- 
phonic acid[4 1]C H,(SO,H) N2 C,H,NHMe[l 4] 
p Sulpho benzene azo methyl aniline Obtained 
by combining p diazo benzene sulphonic acid 
with methyl aniline in acid solution , yield 30 
pc of theoretical Also formed by the action 
of cold dilute acids upon p sulpho diazo benzene 
methyl anilide C„H^(b03H) N NMcC H Steel 
blue needles, si sol water The sodium salt 
(A'Na) forms large orange red plates, v sol hot 
water On reduction with (NHJ S it fields p 
sulphanilic acid and mono methyl p phenylene 
diamine (Bernthsen a Go&ke, B 20, 92o) 

Di methyl-amido-benzene azo-benzene sulph- 
onic acid [4 1] C,H,(NMe )-N2— C.H^bO^H 
[1 4] Helianthin, or Oiange III 

Bicjaratwn — 1 From dimethylanilme and 
p diazobenzene sulphonic acid (Griess, B 10, 
525) —2 Dimethylamido azobenzene (1 pt ) is 
dissolved in 20 pts cold sulphuric acid of 30 p c 
anhydride value and allowed to stand for 24 
hours (Mohlau, B 17, 1491) The absorption 
spectrum has been mapped by Hartley (C J 
51, 192) 

Pi-metbyl-amido-benzene-azo benzoio aoid 

[4 1] C«H,NMe2— N2— C,H^ CO2H [13] From 
di methyl aniline and m diazo benzoio acid 
(Griess, B 10, 525) 

Di - methyl - amido - benzene - azo-di-methyl- 
anUme [1 4] C,H,(NMe2)— N2— C.H.NMe^ [1 4] 
[266°] Dimethylaniline azyline Ited needles 
Formation — 1 By diazotising p amido di 
methyl aniline and combining the diazo com- 
pound CeH^(NMe2) N2 Cl with dimethylaniline 
(Nolting, B 18, 1143) — 2 By passing NO 
through an alcoholic solution of di methyl- 
aniline for several days 

Reactions — 1 Nitrous acid acting on the 
acetic acid solution gives p-nitro di methyl- 
aniline — 2 On reduction it gn es u di meth j 1 p- 
phenylene diamine 
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S ft til — CljPtCl^ dichroio crystalline 
powder — Piorate B"C,H,(NO,),OH + C^H.OH 
glistening green needles (Lippmann a Fleissner, 
B 15, 2136 , 16, 1415 , M 3, 708) 

Diomethyl-anudo-beiizene-azo-p toluene 
— Nj— C^H^NMe2 [168°] Golden plates 
Easily soluble in alcohol and ether 

Preparation — A solution of 65 pts of NaNO, 
(100 p c ) and 35 pts NaOH in 465 pts of water 
IS slowly added to a cooled solution of 100 pts 
of p toluidme, 113 pts of dimethylaniline and 
200 pts of HCl in 300 pts of water 

On reduction it yields p toluidme and di 
methyl p phenylene diamine The hydrochloride 
and sulphate form violet prisms, giving a red 
solution in alcohol (Mohlau, B 17, 1492) 

Di methyl amido benzene azo p toluene sul 
phonic acid C,H,(HSO,) NMe^ Formed 

by the combination of ^ diazo toluene sulphonic 
acid (Me HSOg Nj = 1 3 4) with dimethylaniline 
(Mohlau, B 17, 1493) Dark violet prisms 
Soluble in water and alcohol with an orange 
colour, insoluble in ether The sodium salt 
forms orange glistening plates 

Di methyl amido benzene azo toluidine 
[4 1] C«H,(NMe2)-N2— C«H3Me(NH2) [1 6 3] 

[145°] From its acetyl derivative [200°] which 
IS formed by the action of diazotised acetyl 
tolylene diamine C,H3(NH )Me(NHAc) [1 b 3] 
Tipon di methyl aniline (Wallach, A 234, 355) 
Di methyl amido benzene azo tolnidine 
[4 1] C«H,(NMe2)-N2-C„H3Me(NH ) [14 3] 

[215°] From its acetyl derivative, [192°] which 
is formed by the action of diazotised acetyl 
tolylene diamine CaH3(NH )Me(NHAc) [1 4 3J 
upon di methyl aniline (Wallach, A 234, 359) 
p Methyl phenyl amido benzene azo methyl 
di phenyl amine 

[4 1] C,H,NMePh N2 C^H.NMePh [14] [150°] 
Yellow crystals, got by the action of NO on 
methyl diphenyl amine (Lippmann a Fleissner, 
M 4, 798) 

(a) Naphthalene (a) azo naphthalene 
[«] C.oH.N^C.oH; [a] [190°] Prepared by 

boiling diazo naphthalene azo naphthalene with 
alcohol 1 pt of naphthalene azo naphthylamine 
13 dissolved in 100 pts of 95 p c alcohol and 
5 pts of H^S04 are added, the still warm solution 
IS then treated with a saturated solution of (1 
mol of) NaNOj, the fluid is heated and finally 
boiled for a few hours, and the azonaphthalene 
precipitated by water It is rocrystallised by dis 
solving it in hot aniline and adding alcohol 
(Nietzki a Goll, B 18, 298, 3252) Steel blue 
crystals Sublimes in thin yellow plates Soluble 
in aniline, sparingly in alcohol It dissolves in 
cold H28O4 with a blue colour, but on heating 
the solution to about 180° it becomes violet and 
exhibits a red fluorescence By alcoholic NH^HS, 
or zinc dust and alcoholic KOH, it is reduced to 
hydrazonaphthalene 

(a) naphthalene {&) azo-naphthalene 
[a]C,oH, N2 C,oH,[ 3] [136°] Obtained by diazo- 
tisation of (0) naphthalene p azo (a) naphthyl 
amine and boiling with alcohol Dark brown 
plates with steel blue reflex Sol alcohol, acetic 
acid, (fee Dissolves in cone H^SO^ with a violet 
colour (Nietzki a GOttig, B 20, 612) Laurent’s 
naphthase [275°], got by heating nitro 
na^thalene with zinc dust, or (o) naphthyl- 
ftmme with PbO, has been regarded as naphtha 


lene azo naphthalene, but Witt has lately (B 

19, 2794) shown it to be an azine v 

(oi8) NAPHTHAzma (Laurent, A 109, 384 , Doer, 
B 3,291, Alex6eff, B 3,868, Schichuzky, B 5, 
865 , Klobulowsky, B 10, 570, 772, 873) 

Naphthalene p azo (a) naphthol 
Cj^H, — N^— CioHgOH Formed by adding di 

azo naphthalene chloride to a solution of (o) 
naphthol in NaOHAq , it is ppd by HCl 
Ciimson powder Soluble in alkalis forming, 
crimson solutions (P F Frankland, C J 87, 
752) 

Naphthalene-0 azo {$) naphthol 

C,oH, — Nj — C,oH OH [176°] Formed by diazo 
tising {$) amido azo naphthalene and heating 
the diazo compound with water (Nietzki a Goll, 
B 19, 1282) Subhmes in glistening golden 
needles 

(a) Naphthalene-(a)-azo (a) -naphthylamine 

CjoH,— N^ — C,oH NH2 [180^] Prepared by 
adding KNOj (1 mol ) to a dilute solution of (a) 
naphthylamine hydrochloride (2 mol ) and 
making the mixture slightly alkaline with 
Na CO3 (Perkin a Church, A 129, 108 , Nietzki 
a Goll, B 18, 298) Hartley (C J 51, 190) has 
mapped the absorption spectrum — B'^HCl — 
B'HCl — B'2HC1 — B'^H^SO^ 

(j8)-Naphthalen9y? azo-(a) naphthylamine 
C,„H, N2 C„H, NH2 [152°] Formed by mixing 
aqueous solutions of equal mols of (8) diazo 
naphthalene chloride (from (/3) naphthylamine) 
and (a) naphthylamine hydrochloride Yellowish 
brown needles with green reflex (from alcohol) 
The base and its salts are far more soluble than 
the (a) azo (a) naphthalene H SO4 dissolve* 
it with a violet colour (Nietzki a Gbttig, B 

20, 612) 

(j3) Naphthalene-azo (3) -naphthylamine 

.NH 

C.oHr I or C,oH, N2 C,oH„ NH2 [149°> 

\N2H C,„H, 

Eeddish yellow needles Easily soluble in ben 
zene and acetic acid, insoluble in water Formed 
by the action of amyl nitrite upon (8) naphthyl 
amine The absoiption spectrum has been 
mapped by Hartley (C J 51, 191) 

Reactions — 1 By heating with dilute H2SO4 
(20 pc) it IS decomposed with evolution of 
nitrogen — 2 On reduction with SnClj it yields 
($) naphthylamine and (1 2) naphthylenedia 
mine — 3 Treated with bromine in alcoholic or 
acetic acid solution it is converted into di bromo 
(8) naphthylamine and a brominated ^ naphthol 
4 May be diazotised in the following manner 
15 grms of the amidoazonaphthalene are finally 
suspended in a mixture of 90 grms H2SO4 and 
90 grms of water, cooled with ice and slowly 
treated with a concentrated solution of 5 grms 
sodium mtrite The diazo compound is very 
unstable (Nietzki a Goll, B 19, 1281) 

Aeetyl derivative C2oH,4N3Ao [218°J , 
prisms , easily soluble in benzene, sparingly m 
alcohol and petroleum spirit 

Benzoyl derivative C2oH,4N,Bz [177°], 
silky red needles , easily soluble in benzene, 
sparingly in alcohol and petroleum spint (Law- 
son, B 18,2422) 

(a)-N aphthalene-azo -pen • naphthyleae - dia- 
mine CjoH, — Nj— C, oH 5(NH2)2. Prepared by the 
action of (o) diazonaphthalene chloride on peft'%- 
naphtbylene diamine (Stebbins, }un , B, 1 &, 
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711, 0 N 41 , 117 , 0 / 1 , 445 ) Sol alco- 

hoi, msol water — B'HCl si sol water, m sol 
alcohol with a brown colour , dissolves in strong 
H,S04 With a blue colour 

O) Naphthol-aso-naphthalene sulphonio acid 
C,oH„(OH)-N 2— C.oH,SOaH From (B) naph 
thol and (a) diazo naphthalene sulphonio acid 
(W V Miller, B 13, 268) 

(a) Naphthol-p azo diphenyl sulphonio acid 
CioH«(OH)— N^— C.jHg SO3H From (a) naph 
thol and p diazo diphenyl sulphonio acid (Car 
nelley a Schlevelmann, C J 49, 383) — NaA' 
dyes wool brown — BaA'j 

(/8)-Naphthol^azo-diphenyl sulphonio acid 
C,^6(0H)— N^-C, SO3H From (3) naph 
thol and p diazo diphenyl sulphonic acid — 
NaA' bright red pp , si sol cold, v sol hot, 
water, dyes wool red — BaA'^ (Carnelley a 
Schlevelmann, C J 49, 383) 

0 Nitro-henzene-azo aceto-acet c acid 
C«H,(N0,)-N2--CH{C0 CHJ C0,H [185°] 
Obtained by saponification of the ethyl ether 
which IS prepared by the action of o nitro diazo 
benzene chloride on an alkaline solution of 
aceto acetic ether (Bamberger, B 17, 2415) 
Glistening brown plates V sol acetic acid and 
hot alcohol, v si sol ether and cold alcohol On 
heating it evolves CO and yields 0 nitro ben 
zene - azo acetone C„H4(NO^) CH CO CH^ 
The same decomposition is produced by heating 
with alkalis 

Salta — ATSIH/ yellow needles — A'Ag 
crystalline pp — A'jCu* green pp , sol hot 
water— A' Ba’‘ yellow needles — A'^g glis 
temng plates 

Ethyl ether A'Et [93^], glistening yel 
low plates or fine needles, sol alcohol, ether, 
acetic acid, and hot water 

o-NitrO“benzene azo-acetone 
C,H,(N0,)-N3-CH CO CH, [124°] Formed 
by heating 0 nitro benzene azo acoto acetic acid 
to its melting point, or by boiling the acid or its 
ether with alkalis 

Preparation — 0 Nitranilme dissolved in 
absolute alcohol is diazotised by passing into 
the well cooled solution a stieam of N^O„ the 
product 18 poured into iced water, the solution 
filtered and mixed without cooling with a dilute 
solution of acetacetic ether (1 mol ), and BOH 
(1 mol ), after mixing the fluid must be acid, it 
is digested at about 40° for 40 hours, the red pp 
is then filtered off and purified (Bamberger, B 
17, 2418) Long silky yellow needles Easily 
soluble in hot water, alcohol, ether, &c 
0 Nitro-benzene-azo-acetophenone 
[2 1] 0A(N0,)-N,-CH, CO C«H [141°] 
Formed together with 0 nitro benzene azo ben 
zoyl acetic ether, by adding a solution of o nitro 
diazo benzene chloride to an iced alkaline solu 
tion of benzoyl acetic ether (Bamberger a Cal 
man, B 18, 2565) Glistening yellow needles 
Easily soluble m ordmary solvents 
m Kitro-benzene-azo-auiline 
[3 1] NO^C^H.NjC^H.NH^ [14] [c 210°] 
fVom diazotised w mtranilme hydrochloride and 
anihne hydrochloride (Meldola, C J 46 , 112) 
Orange fern like leaflets (from alcohol) Xnsol 
water and diluteacids, forms yellow solutions m 
alcohol, aceton0,^d benzene (Meldola, C J 46 , 
118 ) On reduction it gives m andj? phenylene 
OMunme Salt (B'HCl) ;PtCl4 


IHtro-beusene-azo-bftnsene fulphoulo acid 

[81] CA(N03)-N,-CAS0,H [14] From 
benzene azo benzene sulphonic acid by nitration 
(Janovsky, M 3, 505, 8, 60) — KA — BaA'^ — 
PbA'j 

Kitro-benzeue-azo-benzene sulphouic acid 

[4 1] C«H,(NOJ— N,~C,H, SO,H [1 4] Formed, 
together with the less soluble isomende just de 
scribed, by heating benzene azo benzene p aul 
phonic acid with nitric acid (S G 1 41) Leaf 
lets — KA' (Janovsky, If 3, 606 , 5, 157 , B 10, 
1486) Ammonium sulphide reduces it to an 
amido benzene azo benzene sulphonic acid 
which IS different fiom that formed from diazo 
tised sulphanilic acid and p phenylene diamme, 
although on complete reduction it gives sul 
phamlic acid and p phenylene diamine 

Di nitro-benzene azo benzene-sulphomo acid 
[3 4 1] C,H,(NO,) — H, SO,H [1 4] From 
either of the two preceding acids or from benzene 
azo benzene sulphonic acid and nitnc acid (S G 
145) Orange leaflets — KV — BaA'^ S 7 at 
6S° (Janovsky, AT 3, 607 , 5, 157) 

o Nitro benzene azo benzoyl acetic acid 
[2 l]C«H,(NO )-N2— CH(CO C,H,) CO,H [177°] 
Its ethyl ether is formed, together with 0 nitro 
benzene azo acetophenone, by adding a solution 
of 0 nitro diazo benzene chloride to an iced 
alkaline solution of benzoyl acetic ether (Bam 
berger a Caiman, B 18, 2560) Long, yellow 
silky needles SI sol alcohol and ether Bj 
long heating at its melting point it loses CO^ 
giving 0 nitro benzene azo acetophenone 

Oxim ChH„N,(NOJ(CO,H}NOH [142°] , 
orange yellow needles 

?n Nitro -benzene- azo -m-chloro di methyl- 
anUine [3 1] C,H,(NO,) N, C,H,C1 NMe, [1 2 4] 
[156°] Prepared by adding sodium nitrite (1 
mol ) to a solution of m nitranilme (1 mol ) and 
m chloro di methyl aniline (1 mol ) in dilute 
H,SO, (Staedel a Bauer, B 19, 1956) Ileddish 
yellow plates (from alcohol) 

p Nitro benzene azo di methylanihne 
[4 Ij NO, C H, N C H,NMe, [1 4] [230°] The 
hydrochloride is deposited as crystals with steel 
blue reflex when aqueous diazo p nitro benzene 
chloride is added to aqueous dimethylaniline 
hydrochloride (Meldola, C J 45, 107) 

Properties —Chocolate brown powder, slightly 
soluble in alcohol whence it separates as brown 
needles Solutions are orange in benzene and 
in glacial acetic acid, orange in cone H^SO^, 
red on dilution Salt — (B'HCl) PiCl^ 
m Nitro benzene p azo dimethylaniline 
[3 1] NO CeH^ Nj C,H,NMe, [1 4] [159°] From 
NO, C^H.NjCl and C„H,NMe,HCl (Meldola, C J 
45, 120 , Staedel a Bauer, h 19, 1954) Orange 
crystalline powder Solutions in alcohol, ben 
zone, acetone, and glacial acetic acid, are 
yellowish orange , m cone H.,SO^ pale orange, 
turned red by dilution After reduction by HCl 
and zinc dust, FejClg forms a blue dye 
m Nitro benzene azo (a) naphthol 
[3 1] C3H,(N02)— N3— C.0H3OH [1 4] From m 
diazo nitro benzene and (o) naphthol (Stebbins, 
jun , A C J 2, 446) Brown pp , sol water 
p Nitro benzene azo-(a) naphthol 
[4fl C,H,(NO,)— Nj— C,oH,OH [14] From 
2?-diazo mtro-benzene chloride and an alkalmo 
solution of (a) naphthol (^Meldola, C J 47, 661) 
Dull red powaer, melts above 860° V 1 ^ ioLh 



AZO. COMPOUNDS. 


m 


boHing alcohol forma a violet aolation , 

Jiot NaOHAq gives a blue colour 
m-Kitro-beniene azo (0) uaphthol 
[3 1] 0,H,(N03)~N,— C.XOH [1 2] or 

0 

1 [194®] From m diazo 
H 

nitro benzene chloride and an alkaline solution 
of (0) naphthol (Meldola, C J 47, 668) Lustrous 
orange scales Ifrom toluene) Insol aqueous 
alkalis , sol alcoholic KOH H^S04 gives 
magenta red solution It is not reduced by 
ammonium sulphide 

p Nitro benzene azo (0) naphthol 
[4 1] 0,H,(N02)-N2— C,„H,OH (?) [1 2] [249®] 
From p diazo nitro benzene chloride and sodium 
(0) naphthol (Meldola, C J 47, 663) Orange 
needles Insol hot NaOHAq Cone H^SO* 
gives a magenta red solution 

m Nitro benzene azo (0) naphthol disulpho 
nioacid[3 l]C,H,(NOj) Nj C,oH, (S03H),(0H)(9) 
Prepared by acting on di azo m nitro benzene 
with (0) naphthol disulphonic acid in alkaline 
solution V sol water , dyes an old gold colour 
(Stebbins, ]un , A G J 2, 446) 

m Nitro benzene (a) azo (a) naphthylamine 
[3 1] NO, C,H,~N,-C,oH, NH, [1 4] [203®] 

Flora NO, C,H,N,C1 and C,oH,NH,HCl (Meldola, 
C J 45, 114) 

• Properties — Red needles Solutions in al 
oohol, acetone, and benzene, are orange, in 
acetic acid, red , in cone H2SO4 violet red turned 
red by dilution Completely decomposed by 
ommonic sulphide 

p-Nitro benzene azo (a) naphthylamine 
[4 1] NO, C,H4 N, C.oH^NH, [14] [252®] 

From aqueous p nitro diazo benzene chloride 
and alcoholic (a) naphthylamine hydrochloride 
(Meldola, C J 43, 430) Brown needles (from 
benzene) Forms a crimson alcoholic solution 
(B HCl)2PtCl4 Salts hardly soluble in alcohol 
Beactwns — Reduces to p phenylene-diamine 
and (a, a) naphthylene diamine 

m Nitro benzene azo (0) -naphthylamine 
[3 1] C«H4(NO,)-N2-C,oH,(NH2) or 
NH , 


I 


■\ 


CjoHg 


[177®] 


From 


C„H4(N0,)— N,H/^ 

NO C^^H, N, Cl and (0) naphthylamine Splendid 
orange needles Solutions in toluene, chloro 
foim, and glacial acetic acid, are orange , in 
alcohol and in acetone, orange but turned red 
by HCl, in cone H2SO4, violet (Meldola, C J 
45, 117) 

p Nitro benzene azo (0) naphthylamine 

[4 1] NO, 0,H4— Nj-C.oHeNH, (?) [1 2] [180®] 
From aqueous p nitro-diazo benzene chloride 
and aqueous (0) naphthylamine hydrochloride 
(Meldola, C J 420) Needles, with golden 
lustre (from alcohol) Its solutions in alcohol, 
acetone, and chloroform are red, m benzene and 
toluene, orange, in cone H,80„ violet Its 
salts are readily soluble in alcohol 
(B'HCl)2PtCl4 

p Nitro-benzene-azo p nitro-benzene 
[4 1] C,H4(N0,)— N,— C,H4(NO,) [1 4] Di nitro^ 
tizo benzene [201°] Formed by nitration of 
benzene azo benzene (Laurent a Gerhardt, A 
76, 73 , Janovsky, M 6, 169 , 7, 136 , B 18, 
1134) Red crystals (from glacial HOAo) Gives, 
#hen reduced by ammomum sulphide, a mtroho 

VoL I 


acid (0,H4(N0,)~N2— CXN0H),(?) [218®] of 
which the s^um salt is blue It is re oxidised by 
EyFeCy. to v nitro benzene azo p nitro-benzene. 

m Nitro tienzene azo m-ultro-benzene 
[3 1] C.H.(N02)— N,~aH4(NO,) [1 3] A red 
oil, formed in the preparation of the preceding 
(Janovsky, M 6, 465) Ammonium sulphide 
and NaOH give a violet colour 

0 Nitro benzene p azo mtro-beniene 
[2 1] C,H4(N0,)~N2— C,H4(N02) [14] [208®]. 
From nitro benzene o azo - nitro benzene 
(Janovsky, M 7, 131) Orange laminae AlcohoUo 
ammonium sulphide mixed with NaOHAq gives a 
permanent blue 

Nitro benzene azo nitro benzene 
CeH4(NO )— N2~C«H4(N0,) [1 4] [205®] A 

by product in the nitration of benzene azo ben 
zene p sulphonic acid (Janovsky, M 7, 132) 
Orange laminw Ammonium sulphide and NaOH 
gives a permanent blue mtrolate 
Nitro-benzene azo-nitro benzene 
C„H4(N0,)— N,— C„H4(N0,) [180 ] A product 

of nitration of benzene azo benzene (Janovekj, 
M 7, 134) Pale, asbestos like, needles Ammo 
mum sulphide and NaOH give a blue mtrolate 
changing to brown 

Nitro benzene azo di nitro benzene 
[4 1]C«H4(N0,)— N,— C«H,(NO,),[l 2 3or6or6] 
or[l 3 5] [112®] Formed by nitration of benzene 
azo benzene (Petrieff, Z [2] 6, 664) or benzene 
azo p nitro benzene (Janovsky, M 7, 126) 
Yellow needles Boiling with a mixture of 
alcoholic NaOH and aqueous ammonium sul 
phide giv3s a green colour, changing to brown 
Nitro benzene azo di nitro benzene 
[3 1] C«H4(N0 )— N3-C«H,(N0,)2 [1 3 4] [170®] 
Formed by nitration of benzene p azo mtro 
benzene or m mtro benzene m azo nitro 
benzene (Janovsky, M 7, 126) Yellow tables 
Alcoholic ammomum sulphide and aqueous 
NaOH give an olive green colour, turning brown 
Nitro benzene azo di nitro benzene 
[3 1]G,H,(N0 )-N2— C„H3(N0,)2[1 3 2or6or6] 
[124®] Formed by mtrating m mtro benzene- 
711 azo mtro benzene (J ) Yellow prisms 
Nitrolio reaction emerald green changmg to 
orange 

Nitro benzene azo di mtro benzene 


[4 1] C,H,(N02)— N,— C„H,(N0,)2 [1 4 8or2] 
[185®] Formed by nitrating p nitro benzene 
p azo mtro benzene or benzene azo benzene 
(Janovsky, M 6, 461 , B 18, 1135) Needles 
Nitro benzene azo di mtro -benzene 
[4 1] C«H4 (NO,)-Nj— CAINO,), [1 4 2 or 3]. 
[160®] Formed in the preparation of the preceding 
substance (Janovsky, M 6, 462 , 7, 126 , B 18, 
1134) Yellow needles (from alcohol) Nitrolio 
reaction green, turning blue This body and 
the preceding, both give (1, 2, 4) tn amido- 
benzene and p phenylene diamine on reduction 
Nitro benzene azo nitro ethane 
[3 1]C«H4(N0,)— N2— CH(N02) CH, Frompotaa 
Slum mtro ethane and m diazo mtro benzene^ 
nitrate (Hallmann,J5 9,391) Yellow powder Re-, 
duced by tm and HCl *0 the tin salt B^H^SnCl^j^ 
of an unstable base di amido phenyl ethyl 
hydrazine C^4(NH,)— N^— CH(NH») CH,, 
Nitro benzene azo mtro phenol 


[3 llOACNO,) N, CA(NOj)(Oa)t[l 8 4?] [173®% 
Formed by heating the isomeruc. di m nitjro-^ 
azozy benzene C,H4(N03) — NgO— 
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with strong H.jSO* for some time to about 140® 
(Kliager a Pitschie, B 18, 2662) Yellowish- 
brown crystals Dissolves in alkalis with an 
orange colour — A'Ag red crystalline pp 
p-K itro-beniene-azo-o-oxy-bensoic aoid 
[4 1] C,H,(NO,)-N,— C«H,(CO^)rOH) [1 3 4] 
Fromdiazotisedp nitro amline and a cooled alka 
line solution of salicylic acid (Meldola, C J 
47, 666) Brown needles (from dilute acetic 
acid) , sol alkalis H^SO^ gives an orange solu 
tion Blackens at 225° 

p Nitro benzene azo phenol 
[4 IJ C,H,(NO,) -Nj- C, H,OH [1 4] [184°] 

From diazotised p nitro aniline and sodium 
phenol (Meldola, C J 47, 65o) Golden scales, 
V si sol water , sol boiling dilute alkalis 
H^SO^ gives an orange solution 

m Nitro-benzene ^ azo-diphenylamine 
[3 1] (NO,)C«H -N,-C,H,(NHCA) [1 4] 

[13 f°] From NOAHiN.Cl and (Mel 

dola, C J 45, 118) Eeddish brown scales 
(from dilute alcohol) Solutions in alcohol, ace 
tone, glacial acetic acid, and benzene are orange 
On adding HCl to the alcoholic solution the 
liquid turns crimson, and, if concentrated, a 
brown gelatinous hydrochloride is ppd Cone 
H^SO^ forms a violet solution After reduction 
by Zn and HCl, Fe^Cl^ forms a blue dye Its 
salts are unstable 

Nitroso derivative [128°] 
p Nitro benzene azo di phenylamine 
[4 l](NOj)C«H^— Nj— C«H,(NH C«H,)[1 4] [161°] 
From aqueous diazotised p nitranilme and 
alcoholic diphenylamme The pp is treated 
with ammonium carbonate, and the base crystal 
lised from dilute alcohol (Meldola, C J 43, 440) 
Brown leaflets Solutions are orange in 
alcohol, turned violet by HCl, violet in cone 
H^SO^ The hydrochloride foims needles, with 
violet reflex, but is very unstable 
p Nitro benzene azo resorcin 
[4 1] CaH,(N02)-N2— CeH,(OH), [1 2 4] From 
p diazo nitro benzene nitrate and resorcin m 
alkaline solution (Meldola, C J 47, 660) Brick 
red crystalline powder , KOHAq forms a violet, 
H2SO4 an orange, solution 

p Nitro benzene azo m xylidine 
[4 1] (NO2) CgH^— N2~C«H2Me,(NH2) [1 3 5 2] 
[141°] From aqueous p nitro diazo benzene 
chloride and alcoholic 7»-xylidine hydrochloride 
(Meldola, C J 43, 428) There results a bulky 
reddish pp of NOj CgH^ Nj NHCjHjMej which, 
on standing, changes to the scarlet hydrochloride 
of the azo compound 

Properties — Brick red needles (from dilute 
alcohol) Forms orange solutions in alcohol, 
acetone, benzene, chloroform, and cone H2SO4 
Salts — The chloride, sulphate, and nitrate 
form red needles with violet reflex, insoluble in 
alcohol — (B'HCl)2PtCl4 

Nitro-oarboxy-benzene azo-nitro benzoic aoid 
1^2 (C<,Hj(NOj) C 02H)2[?) Formed by mtratmg 
carboxy benzene azo oenzoic acid (Golubeff , J R» 
6 , 197) — Na2A" — K2A"8aq — BaA" — EtjA" 
[104°] 

Di nitro 0 x 7 amido-benzene azo xylene 

C,H(N02)2(NH2)(0H)~N2— C,H,Me2. From 

diazo xylene chloride and di nitro amido-phenol 
in alkaline solution (Stebbins, jun , A C / 
2, 236} Brown powder, si sol cold water 


Nitro-oxy-benzene-azo benzene tnlphonlo 
aold[8 4 1]C,H2(N0,)(0 H)— SO,H[l 4] 
From diazotised sulphanilic aoid and 0 mtro- 
phenol (Gness, B 11, 2195 , R Meyer a Erois, 
B 16, 1331) 

Nitro - oxy - benzene - azo - naphthalene 

8ulphonicacidO,H,(N02)(OH)— N2— C,oH,SO,H 
From diazotised (a) naphthylamine sulphonio 
acid and 0 nitro phenol (Stebbins, jun ^ A C J 
2, 236) Red needles, v sol water 

Di nitro oxy benzene azo napthylamine znl- 
phonic acid C,H2(N02)2(0 H) Nj C,oH,(NH 2) S0,H 
From diazo di nitro phenol and (a) naphthyl- 
amine sulphonio acid (Stebbins, ]un , A C J 
2, 446) Reddish brown dye , sol water 
Nitro oxy benzene azo nitro phenol 
Ethyl ether 

[2 X l]C,H,(0Et)(N02) N2 C,H3(0Et)(N02)[l 2 x] 
[190°] Formed by nitrating 0 oxy benzene 0 
azo phenol ethyl ether, and separated from the 
isomeric compound by alcohol, in which it dis 
solves (Andreae, J pr [2] 21, 322) Needles 
(from alcohol) 

Nitro-oxy benzene azo nitro phenol 

Ethyl ether 

[2 a; l]C«H3(0Et)(N02) C«H3(0Et)(N02)[l 2 x] 

[285°] Formed together with the preceding (g' v) 
Brownish red crystals (from chloroform) Insol 
alcohol Dissolves without change in cone 
H2SO4 Reduced by alcoholic ammonium sulphid® 
to the di ethyl ether of dinitro dioxy di phenyl 
hydrazine 

Di nitro oxy benzene azo phenol sulphonio 
acid C«H (NO2) (OH)— N2-C,H,(0H) SO^H 
From diazotised di nitro amido phenol and an 
alkaline solution of phenol o sulphonio acid 
(Stebbins, jun , A C J 2, 236 , C N 42, 44) 
Brown lustrous needles, si sol hot water 
Nitro diphenyl azo nitro diphenyl (?) 

[4 1] C,H4(N02) C,H -N2-C,H4 0„H4(N02) [1 4] 
[187°] From p dinitro diphenyl and sodium 
amalgam (Wald, B 10, 137) Yellow powder 
(from alcohol) 

m Nitro toluene-azo aceto-acetio acid 
[4 2 1] C«H3(CH3)(N02)-N2-CH(C0 CH3) CO^H 
[176°] Obtained by saponification of the ethyl- 
ether formed by the action of nitro diazo 
toluene chloride (from nitro ^ toluidme [114°]) 
on an alkaline solution of aceto acetic ether 
(Bamberger, B 17, 2421) Long yellow silky 
needles V sol hot alconol and HOAc — A'jBa 
m-Nitro-toluene-azo-acetone 
[4 2 1]C3H3(CH,)(N02)-N2-0H2 CO CH, [134°] 
Formed by the action of a dilute solution of 
aceto acetic ether (I mol ) and KOH (1 mol ) 
on a solution of nitro diazo toluene nitrate (from 
mtro p toluidine [114°]) (Bamberger, B 17, 2421) 
Orange red prisms V sol alcohol and ether 
m Nitro-toluene-azo-acetophenone 
[4 2 1]C3H3(CH,)(N02)-N2-CH2 CO 0^ 

[168°] Glistening yellow needles Formed, 
together with nitro toluene azo benzoyl acetic 
ether, by adding a solution of mtro diazo 
toluene chloride (from m nitro p toluidme 
[114°]) to an iced alkahne solution of benzoyl 
acetic ether 

A’efoajimC,5H,3Nj(N02) NOH [174°] , orange 
needles (Bamberger a Caiman, B 18, 2666) 
m-Nitro-;p- toluene-azo benzoyl-acetio acid 
[4 2 1] C„H,(GH,)(N03) N3 CH(CO C^H.) CO,H 
[194°] Its ethyl ether is formed, together with 
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m nitro p toluene-aso acetophenone, by adding a 
solution of m-nitro p diazo toluene chloride to 
an iced alkaline solution of benzoyl aoetio ether 
(Bamberger a Caiman, B 18, 256b) Silky 
yellow needles V si sol cold alcohol and 
acetic acid, more easily at the boiling pomt 
p Oxy benzene azo benzene-m anlphonio acid 
[4 1] C,H,(0H)-N2— CeH, SO,H [1 3] From 
diazotised amido benzene m sulphonio acid and 
an alkaline solution of phenol Leaflets, with 
violet reflex , insol ether, v sol water and 
alcohol — KA' long needles (Griess, B 11, 2194) 
p Oxy benzene azo benzene p snlpbonio acid 
(4 1] C3H,(HS03)— N2-C«H,(0H) [1 4] Tro 
pcBohne Y Prepared by the action of an aqueous 
alkaline solution of phenol on p diazobenzene 
sulphonio acid (Griess, B 11, 2192) Yellowish 
red prisms V sol water and alcohol 

Salts — BaA" orifnge pp — BaA'22aq — 
BaA'j 5aq minute orange tables, si sol water 
— KA' yellow rhombic leaflets, S 26 at 15° 
(Wilsmg, A 215, 232) 

p Oxy benzene azo benzene sulphonio acid 

[4 1] C,H,(OH)— N2-C«H, SO3H From azoxy 
benzene (1 pt ) and fuming H^SO^ (5 pts ) at 
110° (Limpricht, B 15,1295, Wilsing, A 215, 
229) , Tschirwinsky {J B 6, 217) considers this 
acid to be identical with the preceding Small 
lustrous reddish plates, v sol water, m sol 
dilute acids or alcohol Br does not act on the 
potassium salt SnCl, forms no aniline by re 
duction Salts — KA'aq 8 BSatlS*^ —BaA'a — 
AgA — MgA'2 Caq — Cu A 2 baq 

Chloride [122°] Orange 6 or 8 sided 
plates 

Amide [212°] Plates 

Bi oxy benzene azo benzene sulphonio acid 

[4 2 1] CttH3(OH)2 — Nj— SO 3H [1 4] Tro 
naiolin 0 Chrysome Formed by sulphonatmg 
benzene azo resorcin at 100° (Witt, C J 35, 
183) or from diazotised amido benzene p sul 
phonic acid and resorcin dissolved in KOHAq 
(Griess, B 11, 2195) Bed leaflets with steel 
blue reflex , -v si sol alcohol and cold water — 
KA' — BaA'2 4aq 

The absorption spectrum has been examined 
by Hartley {C J 61, 182) 

Di oxy benzene azo benzene m- sulphonio 
acid [4 2 1] C,H3(0H),— N — SO3H [1 3] 
From resorcin and diazotised amido benzene 
m sulphonio acid Orange needles — KA' by 
groscopio needles 

Tri-oxy benzene azo benzene sulphonio aoid 
[2 4 6 1] C,H2(0H),— Nj— CgH, SO,H[l 4] From 
diazotised anudo benzene p sulphonio acid and 
an alkaline solution of phloroglucin (Stebbins, 
C N 42, U, A G J 1, 465, 2, 236, B 13, 
716) Yellow leaflets with green lustre — NaA' 
yellow leaflets, easily soluble in water 
p Oxy-benzene-m azo-benzoic acid 
[4 1] C«H,(OH)— No— CoH, COoH [1 3] [220°] 

Formation — 1 From m diazo benzoic acid 
and phenol (Griess, B 14, 2032) —2 By gently 
warming m carboxy diazo benzene m oarboxy 
anihde C3H,(C02H) N2 NH C3H,(C02H) with 
phenol, m amido benzoic acid being elimmated 
(Heumann a Oeoonomides, B 20, 906) Bed 
needles or plates , sol alcohol and ether, si sol 
water Dyes wool and silk yellow — BaA', S^aq 
Bi oxy benteno m aio-benzoio aoid 
[4 2 1] C.H,(OH)j— N;— CO^H [1.8], Pw 


pared by the action of m diazobenzoio acid on an 
alkalme solution of resorcin (Griess, li 14, 2034 )« 
Brownish red needles or brownish yellow piatea* 
Sol alcohol Dyes wool and silk yellow 

Oxy-bensene-azo p>oresol Ethyl ether 
[4 1] CeH,(OEt)— Nj— C.H3(CH3)(OH) [1 6 2] 

orC^HjMe/ 1 [104°] Formed 

C„H3Me(OEt) 

by combining p diazo phenetol with p oresol 
(Liebermann a Kostanecki, B 17, 883) Golden 
plates Sol alkalis Dissolves in HjSO^ with a 
brown colour On reduction it gives p amido- 
phenetol and amido p cresol 

o Oxy-benzene-azo-ooresol Methyl ethc*‘ 
C3H,(OMe)-N — C,H,Me(OIi) [68°J From 
diazotised o anisidme and o-cresol (Kanonnikoll, 
J R 1885,369) Di methyl efher [103°1 
o - Oxy - benzene - azo -m- cresol Methyl 

ether [161°] Prepared like the preceding (K ) 
Bi oxy benzene azo x}/ oumeue 
[4 2 1]C H (0H)2— N2— CAMe, [199°] Formed, 
together with the disazo compound, by com 
bining diazo cumene chloride (from amido 
pseudo cumene [62°]) with resorcin (Liebermann 
a Kostanecki, J5 17,131,882) Small red needles 
Dissolves in alkalis with a brownish 3 ellow 
colour 

Bi oxy - benzene azo hydroqnmone 

[5 2 1] C,H3(0H) — N2-C H3(0H)2 [1 2 5] Aeo- 
hydroquinone Tetra methyl derivative 
C„H3(OiMe) Nj C3H3(OMe)2 [140°] Formed by 
reduction of nitio di methyl hydroquinone in 
alkaline solution (Baessler, B 17, 2124 , C C 
1886, 671) Bed needles V sol alcohol, ben 
zene, chloroform, and CS , v si sol water 
Dissolves in strong HCl with a blue colour 

Tetra ethyl derivative [128°] From 
mtro di ethyl hydroquinone, powdered zme, and 
alcoholic potash (Nietzki, B 12, 39) 

Bi oxy benzene azo naphthalene iulphonio 
acid [4 2 1] C,H3(0H)2— Nj— CjoH^ SO,H [1 4] 
liom diazotised (a) naphthylamine sulphonio 
aoid and an alkaline solution of resoroin (Steb 
bins, j|un , A C J 2, SQ , C N 42, 44) Dark- 
brown needles, sol water 

p Oxy-henzene-azo-(o) naphthylamine 
[4 1] C,H,(OH)— Nj— C, oH„NH 2 [14] [170°] 

Prepared by the action of p diazophenol nitrate 
on (a) naphthylamine (Weselsky a. Benedikt, JD 
12, 229) Orange needles (contaimng 3aq) — 
B'aH^SO^Gaq green needles, insol water 


a Ox7-benzene-azo>(/3) naphthylamine 

.NH 


[2 1] 0«H,(OH) N.C.oH, or C,oH«< 


^NjH C«H,OH 


0 Oxy benzene hydrazimvJo naphthalene [193 ] 
Formed by combining o diazo phenol with (d)- 
naphthylamine Slender red needles (from alco 
hoi or acetic acid), or dark red plates (from 
benzene) It dissolves in aqueous or alcoholic 
NaOH, but 18 insoluble in water By heating 


at 150° with HCl it is split up into (/3) naph 


thylamine,pyrooatechm, and nitrogen Bromine 
in cold acetic acid solution gives di bromo (0) 
naphthylamine, a brorainated pyrocateohm, and 
nitrogen On 1 eduction with zinc dust and 
acetic aoid it yields (1 2) naphthylene diamine. 


Acetyl derivative [198°] 

Benzoyl derivative [183°] 

0 0 2 
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Methyl ether C A(OMe) K»C,oH, [133«] . 
dark-red monoolinic prisms , msoluble m water 
(Sachs, B 18. 3125) 

V Oxy-bexuene azo {$) naphthjlamine 
vNH 

[4 1] C.H,(OH) N,C,oH,or | 

C,H,OH 

Oxy benzene hydrazimido naphthalene [193°] 
ormed by combining p diazo phenol with {$) 
naphthylamine Plat red prisms V sol benzene 
and acetic acid, msol water By heating at 
3150'^ with HCl it IS split up into ()3) naphthyl- 
amine, hydroquinone, and nitrogen Bromine 
in cold acetic acid solution gives di bromo {$) 
napththylamine, a brominated hydroquinone, 
and nitrogen On reduction with zinc dust g,nd 
acetic acid it yields (1 2) naphthylene diamine 
(Sachs, B 18, 3125) 

Mono acetyl derivative [218°] 

Mono benzoyl derivative [2i4:°] 

Oxy benzene azo orcm Methyl ether 
C,H,(OMe) Nj C,H2(OH),Me Hair like needles 
(Stebbins, A C J 5, 32) 

o Oxy benzene o azo phenol 
[2 1] C,H^(OH)— Nj— C«H,(OH) [1 2] o Azo- 
phenol [171°] S (alcohol) 3 at 20° Prepared 
Tby fusing o nitro phenol with KOH (Weselsky 
a.Benedikt, B 11, 398, A 196,344) Golden 
leaflets , may be sublimed Insol water 

Beaciions — 1 Bromine added to an ethereal 
solution forms a tetra bromo derivative —2 
Chlorine passed into an acetic acid solution 
forms a tn chloro denvative C,oH^Clj(OH)2N2 
[235°] (Bohn a Heumann, B 17, 275) — 3 
Nitric acid forms (1, 2, 4) di nitro phenol 
Ethyl ether {C«H,(OEt)}2N2 [131°] 

o Nitro phenyl ethyl ether C„Hj(OEt)(N02) 
18 dissolved m alcohol and reduced with sodium 
amalgam (5 per cent ), the liquid being allowed 
to become hot The product is poured into 
water, and the pp extracted by strong HCl which 
dissolves the azo compound On pouring the 
HCl solution into water, o azo phenetol is thrown 
down (R Schmitt a Mohlau, J pr 126, 202) 
Properties — Long red prisms (from alcohol) 
Melts under water, but insoluble therein and not 
volatile with steam It begins to boil at 240°, but 
suffers decomposition at the same time Be 
actions — 1 Reduced by alcoholic ammonium 
sulphide to the corresponding hydrazo compound 
(q V ) — 2 Cold fuming HNO, forms a mtro-, 
and a di nitro , derivative 

m Oxy benzene m azo phenol Ethyl ether 
/3 1] C«H4(OEt)-N2— C,H,(OEt) [1 3] m-Azo 
phenetol [91°] Formed by reducing m nitro- 
phenetol in alcoholic solution with sodium 
amalgam (M Buohstab, J pr [2] 29, 299) 
Properties — Orange prisms (from alcohol) 
Sol ether Insol water and (difference from o 
compound) m cone HCl Reduced by HjS and 
alcoholic ammonia to m hydrazo phenetol 
p Oxy benzene p azo phenol 
[4 1] C,H,(OH)— N,-C«H,(OH) [1 4] p Azo 
phenol [204°] 

Formation — 1 By potash-fusion from p 
mtroso phenol (Jaeger, B 8, 1499), p nitro 
phenol (Weselsky a Benedikt, A 196, 839), p- 
pxy benzene azo benzene p sulphomo acid, or p 
sulpho benzene azo benzene p sulphomo acid 
(Bohn a Heumann, B 15, 8087) — 2 Prom p- 
diazo phenol mtrate and phenol potasnom 


Properties —Slender brown needles wltli 
blue reflex (contammg aq) , zl sol water, v 
sol alcohol Bromine gives a tetra bromo 
denvative Nitno acid (1, 2, 4) di mtro pbenoL 
Chlorine gives tn chloro phenoL 
Salt — BaC,2H,N202 4aq 
Ethyl ether C,H^(OEt)— Nj— C«H,(OEt) 
p Azo phenetol [160°] (S a M), [158°] (A). 
Formed by adding sodium amalgam (5 p c ) ta 
an alcoholic solution of p mtro phenyl ethyl 
ether, precipitating the product with water, boil- 
ing it with dilute HCl to remove amido phenyl 
ethyl ether, and crystallising from alcohol 
(Schmitt a Mohlau, J pr 126, 199 , Hepp, B 
10, 1652 , Andreae, J pr 129, 333) Properties — 
Glittering golden plates M sol cold alcohol, 
sol ether and chloroform Distils with difficulty 
Beactions —1 Fuming HNO, forms the ethyl 
ether of di nitro phen^ (q v ) and two isomenc 
tn nitro azoxv phenol ethyl ethers —2 HClAq 
at 130° gives EtClandp azo phenol N2(CgH^OH)2, 
but at 160° chloro p amido phenol is got 
(Schmitt, J pr [2] 19, 313) 

p Oxy-benzene-azo-diphenyl sulphonio acid 
[4 1] C,H,(OH)— N2— C,H, C«H, SO,H From 
diazotised p amido diphenyl sulphomo acid and 
phenol (Carnelley a Schlevelmann, C J 49, 
380) Yellow dye — BaA'g insol cold water 
m Di - oxy - benzene-azo-diphenyl sulphomo 
acid [4 2 1] C«H,(0H)„-N2— C,H*CeH4SO,£L' 
From diazotised p amido diphenyl sulphonio 
acid and resorcin (Carnelley a Schlevehnann, 
C J 49, 882) — NaA' -BaA'j 

p Di-oxy-benzene-azo'diphenyl sulphomo acid 
[6 2 1] C«H,(0H)2 N2 CgH, C«H, SO,H From 
diazotised p amido diphenyl sulphonio acid and 
hydroquinone (Carnelley a Schlevelmann, C J 
49, 382) 

p Oxy benzene-azo phloroglnoin 

C„H4(0H) — Nj— C^H jIOH), Two modifications 
appear to be formed by the action of p diazo 
phenol mtrate on phloroglucm (Weselsky a 
Benedikt, B 12, 227) (o) Red crystalline pow 

der (containing 3aq), sol alcohol {/3) Green 
amorphous mass, inso^ alcohol 

^ Oxy benzene azo resorcin Ethyl ether 
[4 1] C«H,{OEt)— N2— C6H,(0H)2 [1 2 4] [167°] 
Formed by the action of p diazo phenetol on 
resorcin (Liebermann a Kostanecki, B 17, 883) 
Red plates Sol alkalis Dissolves in H2SO, 
with a brownish red colour 
Dioxy benzene azo resorcin 
[2 6 1] CeH,(OH)2— N,— C.H,(0H)2[1 2 4] Tetra- 
oxy azo benzene 

Di ethyl ether CBH,(OEt)2 Nj C8H,(OH)^ 
[182°] Formed by combination of the di ethyl 
ether of 0 diazo resorcin C8H,(0Et)2N20H [6 2 1] 
with resorcin Light reddish yellow needles 
V sol alcohol and ether, msol water Dis 
solves in cone alkali with a reddish yellow 
colour, which becomes a splendid carmme red 
on dilution (Pukall, B 20, 1151) 

Di oxy benzene azo resorcin 
[2 4 1] CeH,(OH)2 Nj C,H,(0H)2 tl 4 2] Tetra- 
oxy azo benzene 

Di ethyl ether 

C,H,(OEt)2— N2— C,H,(0H)2 [193°] Formed 
by combination of the di ethyl ether of p diazo- 
resorcin C,H,(OEt)2 NjOH [4 2 1] with resorcin 
Small brown needles or short pnsms with green 
reflex V sol alcohol, ether, and aqueous 
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alk&liB. In sol water Carmine red dyestuff 
(Pukall, B 20, 1144) 

Oxy-bensene aso resorcin di sulphonio told 

Mono methyl ether 
f!,H,(OMe) N, C,H(OH),(SO,H)j Yellow plates 
(Stebbms, A C J 6, 55) — BaA"aq needles 
p Ozy benzene p azo toluene 
[4 1] C,H^Me-N,— C,H,(OH) [14] [151°] 

Formed by gently warming p diazo toluene jp 
toluide with phenol, p toluidme being split off 
(Heumann a Oeconomides, B 20, 905), or by 
warming p nitroso toluene with p toluidme ace 
tate (Kimich, B 8, 1030) Orange prisms, with 
blue reflex 

m>Di-ozy benzene o azo toluene 

[2 1] C„H,(CH,)-N,-CeH,(OH), [1 2 4] [195°] 
(W ) , [178°] (F ) Formed by the action of o diazo 
toluene on resorcin Brownish red felted needles 
Acetyl derivative [75°] Orange yellow 
plates (Wallach, B 15, 282o , cf Fischer, B 20, 
1579) 

m Di oxy benzene p azo toluene 

[4 1] C«H,(CH,)— Nj— C«H,(OH), [1 2 4] [184°] 
Prepared by the action of p diazo toluene on 
resorcin, oi by gently warming p diazo toluene 
p toluide with resorcin, p toluidme being split 
off (Heumann a Oeconomides, B 20, 90b) 
Keddish yellow needles sol alcohol, ether and 
aqueous alkalis Acetyl derivative 
^ Oxy benzene azo toluidme 
[5 2 1] CeH,(CH3)(NH )— N,— C,H,OH [1 4] 
[172°] Formed by saponification of the acetyl 
derivative Slender brown needles Sol alcohol 
and ether, v si sol cold water Dissolves in 
aqueous acids and alkalis 
Acetyl derivative 
C,H,[CH,)(NHAc) -Nj— C,H,OH [253°] 
Prepared by diazotismg the mono acetyl deri- 
vative of (12 4) tolylene diamine and combining 
it with phenol (Wallach, B 15, 282b) Yellow 
plates Sol acetic acid and m aqueous alkalis, 
b 1 sol alcohol 

Di oxy benzene azo xylene (Wallach, B 
16, 26) Formed by adding diazo xylene chloride 
to an alkaline solution of resorcin 

Bi oxy benzene azo xylene sulphonio acid 
[4 2 l]C„H,(OH) 2 — Nj — C^jMejSOjH Prepared 
by the action of an alkaline solution of resorcin 
upon diazo xylene sulphonio acid Slender 
orange needles, si sol hot water , m sol alcohol 
(Gness, B 11, 2197) 

Oxy-oarboxy-benzene azo naphthalene 
O.A— Nj— C«H,(OH)(CO,H) [1 4 3] From 
naphthylamine hydrochloride (9 g ), HCl, water 
(500 g), and NaNO, (3 45g) at 0°, the filtrate 
being poured into a solution of salicylic acid 
(6 9 g ) and NaOH (6 g ) in water (500 g ) The 
liquid 18 filtered and the sodium salt ppd by 
NaGl (P F Frankland, 0 J 37, 747) Salt — 
NaA' S 07 (cold) Dyes silk pale yellow 
Beduoed by Sn and HCl to naphthylamine and 
amido salicylic acid, C^H, (Nitty (OH)C 02 H 
Oxy carbozy benzene azo {i) naphthol 
Mono-methyl derivative 
CA(OMe)(C 02 H)— Nj— C,oH,(OH) Prepared 

by ti he action of diazo anisic acid on an alkaline 
solution of (3) naphthol (Gness, B 14, 2039) 
red needles or plates (contammg 1 J aq) 
SI Boh alcohol A'^Ba 4aq red minute needles 
oarbpzy benzene-azo (3) naphthol sul- 
phonie acid. Methyl derivative 


0;S[,(0Me)(C02H)— C,„H.(OH)(SO,H) Prom 
diazo aniBio acid and (3) naphthol sulphonia 
acid Brcwn needles Dyes wool scarlet 
BaA"j8aq (Gness, B 14, 2089) 

Oxy oarboxy benzene azo (3) -naphthol (a) di* 
snlphonio aoid Methyl derivative 
CA(OMe)(C02H)— N,— 0,oH,(OH}(SO^), Pre- 
pared by the action of diazo anisic acid on an 
alkaline solution of (3) naphthol (a) di sulphonio 
acid (Gness, B 14, 2040) Small dark red 
needles (contammg 8aq) Sol water, and 
alcohol, msol ether Dyes a blueish shade of 
scarlet A"'HKj6aq red crystals, sol hot water 
Oxy carboxy benzene azo oxy-benzoic acid 
Di methyl derivative 
CA(OMe)(C02H)— N 2 -C«H,(OMe)(CO H) 
Formed by the action of sodium amalgam on an 
alkalme solution of nitro anisic acid Insol 
water — BaA"aq (Alexejeff, C R 55, 472) 

Dioxy carboxy methyl phthahde azo dioxy- 
phthalide acetic acid 

Tetra methyl derivativeC^^^’^^Oxt 
>CH CHj CO^H-) 
N,{C.H(OMe)/^^0 

Azo meconic acetic acxd [c 267°] Obtained 
by reduction of nitro di methoxy phthahde 

acetic acid C,H(0Me),(N0J<^°7°jj^ 

With zmc dust and aqueous NH, Yellow crystals 
Insol water Dissolves in cone Hj804 with a 
deep blueish violet colour (Kleeman, B 20, 880) 
Tn oxy carboxy toluene azo tn oxy tolnio 
acid Anhydride of the tetra methyl 
derivative 

(6 5) (1) (4) (4) (6JJ) (1) 

(3) (3) 

[c 245] Formed by reduction of nitroso opianio 
acid C«H( 0 Me) 2 (N 0 )(CH 0 )(C 02 H) with zinc 
dust and aqueous NH, Dissolves in alkalis 
with a yellow colour, in cone HjSO^ with an 
intense purple colour — AgA' microscopic 
needles (from hot water) — EtA' [101°], yellow 
needles, v sol alcohol, ether, and benzene 
(Kleemann, B 20, 878) 

(3) Oxy naphthalene-azo hippurio acid 
COjH CH, NH CO CaH^— N,— C,oHe(OH) Pre- 

pared by the action of diazo hippuno acid on 
an alkalme solution of (3) naphthol (Gness, B 
14, 2040) Reddish yellow needles SL soD 
alcohol, V si sol water and ether 

(a)-Oxy (a)-naphthalene-(a)-azo>naphthalene« 
(a)-Balphomo acid 

[4 1] C,aHa(OH)-N -C.aHa SO,H [1 4] From 
diazotised (a) naphthylamine sulphonio acid and 
(o) naphthol The absorption spectrum has been 
examined by Hartley (C J 51, 198) 

(3) Oxy -naphthalene azo naphthalene suU 
phonic aoid C,oH,(OH)— N,— C,oH,SO,H From* 
diazotised (a) naphthylamine sulphomc acid and 
(3) naphthol (Caro , Gness, B 11, 2199) Red- 
dish brown needles (from alcohol) Red dye — 
BaAV The absorption spectrum has been 
examined by Hartley (C J 61, 197) 

Oxy - propyl oarboxy - benzene - azo - oxy- 
propyl benzoio oeid 

CO,H 0.H,(0(0H)Me^N,-C,H,(0(0H)Me,)O0,H 
Formed by redaction of mtro oxy propyl benzoio 
acid with sodium amalgam and water (Wid-, 
mann, B 15, 2550) Yellow plates V §1. 



890 


AZO- COMPOUNDS 


moat ordinary aolveats, al sol acetic acid — 
^aaA" lOaq thin red rectangular tables 
Ozy-snlpho benzene azo benzoic acid 

[8 1] C,H,(CO,H)-N,— C,H3(0H)(HS03) [14 3] 
Prepared by the action of in diazobenzoic acid 
on an alkaline solution of phenol o sulphonio 
acid (Griess, B 14, 2033) Brownish red crystals 
(containing i^aq) Sol water, alcohol and ether 
Yellow dye ' Salts — A"HKaq yellow plates 
or needles, si sol cold water — A^'^H^Ba small 
yellow needles or plates — A"Ba aq yellow crys 
talline pp 

Oxy snlpho benzene azo naphthalene enl 
phonic acid C«n,(OH)(SO,H)— N SO^H 

From diazotised (a) naphthylamine sulphonic 
acid and phenol sulphonicacid(Stebbins, A C J 
2, 446) 

Oxy toluene azo toluene sulphonio acid 

[4 2 1] C.H,(OH.)(SO,H)-N.-C H,(Clf,)(OH) [1 5 2] 
Formed by the action of p diazo toluene sulphonic 
acid (by diazotismg p toluidme sulphonio acid) 
on an alkaline solution of p cresol (Noltmg a 
kohn, B 17, 358) Beddish biown crystals 
with violet leflection V sol Avater, si sol 
alcohol Salts — A'Na soluble yellow plates — 
A'jBa 4aq small reddish brown needles, si sol 
hot water 

Diphenyl-azo-diphe n yl 

N,— [250°] Orange 
red plates Sol ether, insol water, alcohol, and 
acetic acid Foimed by reduction of p nitro 
diphenyl with sodium amalgam, and by the dry 
distillation of hjdrazo diphenyl Prepared by 
oxidising an alcoholic solution of hydrazo di 
phenyl with Fe^Cl, (Zimmermann, B 13, 1962) 
Phenyl acetic azo phenyl acetic acid v 
exo Carbovy toluenb azo phenyl acetic acid 
Phenyl amido - benzene azo benzene sol 
phonic acid 

[4 1] C3H,(S03H) -N — C,H,NHPh [1 4] Tro 
(xohne O 0 Prepared by the action ofp diazo 
enzene sulphonic acid on an alcoholic solution 
of diphenylamme (Witt, C J 35, 187, B 13, 
262) Steel blue hair like needles bl sol Avatei 
Salts — A'K flat vellow needles, si sol cold 
water — A'Na — A'NH, — A'NHMoj large yellow 
leaflets — A'^Ba and A' Ca insoluble yellow pps 
Phenyl glycollic o azo phenyl glycollic acid 
N,(03H, 0 CHj C0,H)2 [162°] 

Preparation — o Nitrophenylglycollio acid 
(18 6 g ) water (140 g ) and Na^COg (5 g ) are 
treated at 60° with sodium amalgam (215 g of 
4 p c amalgam) The crystals which separate 
on cooling are dissolved in very little water and 
Idle acid IS ppd by acetic acid The product 
IS recrystalhsed several times from alcohol 
(A. Thate, J pr [2] 29, 161) 

Properties — Orange silky needles, contain 
mg 2aq (from water or dilute alcohol) When 
dry (at 110°) it is brick red Sol ether, alkaUs 
<md strong acids Its solutions aie yellow or red 
Beactions —1 Aqueous solution is acid to 
litmus and gives with AgNO, a red gelatinous 
pp , and with Pb(^0Ac)2 a flocculent yellow pp — 
2 Eeduced by alcoholic NH, and BE^S to the 
corresponding hydrazo compound, the potas 
«ium salt of which, N^H2(CgH^ 0 CHgCOj,K)j 3aq, 
crystallises from alcohol in rhombohedra. 

Salts — ‘KjjA"8aq Orange plates Its 
•olution gives with BaClj a red orystallmo pp , 
With Pb(OA€)2 an orange flocculent , with 


AgNOj, a red flocculent pp , with FejCl, an 
orange pp , with CUSO4, a brownish yellow pp , 
with HgCij, on boiling, a red pp , with MgS04 
after some time, an orange crystalline pp — 
Na^A" 3aq — AgjA" daq — BaA"2aq — CaA" 8aq 
Ethyl ether EtjA" [111°] Bed crystals 
Phenyl glyoxylio azo phenyl glyoxylic aoxd 
CO H CO C.H^— N2— C,H4 CO CO^H Azo hen 

zoyl formic acid Orange needles (containing 
2aq and melting at [135°] When dry it melts 
at about 151° Prepared by reduction of m 
nitro benzoyl formic acid with FeSO^ and KOH , 
yield, 60 p c (Thompson, B 16, 1308) SI sol 
ether and cold water, insol acidulated water, 
chloroform, or benzene Very stable body 
A cold saturated aqueous solution of the acid 
gives with BaClj or CaCl a micro cijstallma 
pp with AgNOg a yellow flocculent precipitate — 
A"Ba orange crystallme pp , insol water — 
A"Ag orange yellow slightly soluble pp 
Phenyl-pyrrol-azo*benzene 

C^H^N^g-CH 

C^H^ N2 C^HaNPh probably NPh | 

HC = CH 

[117°] Prepared by adding diazobenzene chlo 
ride (1 mol ) to phenyl pyrrol (1 mol ) dissolved 
in alcohol containing AcONa Brown prisms or 
long reddish yellow needles with blueish reflec 
tion V sol alcohol Dissolves in cone H SG^ 
with a reddish violet colour, m alcoholic HCl 
with a blood red colour Deduced by zinc dust 
and NHg or NaOH to aniline and (probably) araido 
phenyl pyrrol (O Fischer a Hepp, B 19, 2256) 
Di - propyl - amido - benzene - azo - di - propyl 
aniline C,H4N(C,H ) — N^— CnH^NfCgH,) Di 

propyl aniline azyline [90°] Formed by passing 
NO through an alcoholic solution of di propyl 
aniline fLippmann a Fleissner, B 15, 2140 , 
16, 1417) Large tnmetric crystals, a b c ^ 
1 629 913 Pi crate B"(C,H2(N0,)80H)2 
orange red insoluble crystals — Periodide 
B"4la violet glistening needles 

Pyrrol - azo benzene CgHj— Ng— C^H^NH 
C^H^N^g^CH 

probably NH I [62°] Prepared by 

HC-CH 

adding the calculated quantity of a moderately 
cone solution of diazo benzene chloride to a well 
cooled solution of pyrrol (2 pts ) in alcohol 
(100 pts ) with addition of sodium acetate (5 pts ) 
(Fischer a Hepp, B 19, 2251) Yellow needles 
V sol alcohol, ether, and petroleum spirit, si 
Bol water It has basic properties Easily 
reduced (e <7 , by zinc dust and alkalis) to aniline 
and (probablj) amido pyrrol Keadily combines 
in alkaline or neutral solution with a further 
quantity of diazo compound, giving disazo bodies 
Dissolves easily in dilute HCl with a reddish yellow 
colour Dissolves in cone H^SO^ with a yellow 
colour The platmo chloride forms small red 
sparingly soluble needles 

Pyrrol p azo di methyl-aniline 
C«H4(NMe2)— N2— OANH [169°] Formed 

by combining p diazo-4i methyl-amido benzene 
with pyrrol in dilute alkaline solutien Glitter 
mg green plates Dissolves m very dilute HOI 
with a grass-green colour, in cone HCl with a 
greemsh yellow colour PtCl^ gives a dark 
green amorphous pp (Fischer a Hepp, B 19* 
22o7) 
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pyrrol (a) aio naphthalene Cj*H N^C^HjNH 
0,,H, N,g = CH 

probably NH I [103°] Formed by 

H6-CH 

adding (a) diazo naphthalene chloride (1 mol ) 
to pyrrol (1 mol ) dissolved in alcohol contain- 
ing sodium acetate Reddish yellow plates V 
sol alcohol (0 Fischer a Hepp, B 19, 2255) 
Pyrrol (/3) azo naphthalene 

C.oH,— N^-C.HaNH probably NH| 

HC-CH 

[101°] Preparedby adding (3) diazo naphthalene 
chloride to an alcoholic solution of pyrrol con- 
taining sodium acetate Gold bronzy plates 
(0 Fischer a Hepp, B 19, 2255) 

Pyrrol p azo toluene C«H,Me— N,— C^H.NH 
C,H; NjC^CH 

probably NH | • [82°] Prepared by 

HC = CH 

adding p diazo toluene chloride (1 mol ) to pyrrol 
(1 mol ) dissolved in alcohol containing sodium 
acetate (Fischer a Hepp, B 10, 2254) 

m-8ulphi- benzene -azo -benzene m sulphinio 
acid CeH,(SO,H)— N,— C„H,(SO,H) 

Azo benzene di sulphinic acid Obtained from 
C«H,(SO,SH) Nj C«H,(SO,SH) by treatment 
with sodium amalgam (Limpricht, B 18, 147S , 
I^uer, A 229, 363) Yellowish amorphous 
mass, si sol cold water, insol ether 

Salts — NaoA"a;aq — CaA"l^aq — BaA" — 
PbA'' These salts are readily oxidised (e g by 
KMnO< or I in KI) to the corresponding di 
sulphonates Cone ammonic sulphide converts 
them into the di thio di sulphonates They are 
not reduced by sodium amalgam Boiled with 
HCl the acid clots together, but cone HOI at 
110° forms (2 p c of) an isoineric base 

p Snlphi benzene azo benzene -p snlphinio 
acid SO,H C,H.— Nj— C^H, SO^H 
Azo benzene p ai sulphinic acid Prepaied from 
bO,ClC«H,— Nj-C^H.SOjCl and Ba(SH) 2 , or 
from NaS SO^ C^Hj Nj 80^ SNa by sodium 
amalgam (Limpricht, B 18, 1475 , Bauer, A 
229, 369) The free acid is ppd by HCl from 
its salts as a bulky yellow mass, sparingly soluble 
in water or alcohol Clots together when heated 
with acids Salts — NujA" 4aq — BaA" 

Snlpho benzene azo amido ethane v Sulpho- 

BKNZENE AZO ETHYLAMINE 

y)-Snlpho-benzene azo di amido benzoic acid 
[4 1]0,H,(S03H)~N,-C,H2(NH,),C02H[1 4 2 6] 
Formed by the action of p diazo benzene 
Bulphomc acid on s di amido benzoio acid 
(Gness, B 15, 2199) Needles or plates SI sol 
water, cold alcohol, and ether Very unstable 
Decomposes by boiling with water On reduction 
it gives sulphaniho acid and (6 3 2 1) tn amido 
benzoio acid 

Sulpho-beniene-aio-aniline snlphonio acid 
[4 1] 0,H,(HS0,)-N,-0A(HS0,)NH, [1 ? 4] 
Am%do-azO‘henzene disulphontc acid Formed 
by sulphonation of p amido benzene azo ben- 
zene-p sulphomc acid (Gness, B 15, 2187) 
Violet glistening needles Sol hot water Dyes 
Bilk and wool yellow On reduction with tin and 
HCl it gives sulphanilio acid and p phenylene- 
diamine sulphomc acid BaA"7iaq orange 
needles, sol hot water 

ta-8nlpho benzene azo benzene m snlphonio 
«0id [3 1] SO*H C,H,— N,— C.H* SO.H [1.3] 


Formation — 1 From nitro benzene m sul 
phonic acid by treatment with sodium amalgdm 
(Claus a Moser, B 11, 762) or, better, with 
powdered zinc and KOH (Mahrenholtz a Gilbert, 
A 202, 832) —2 One of the acids got by sul 
phonatmg benzene - azo benzene at 150° 
(Janovsky, M 8, 244) —8 From potassium fw- 
amido benzene sulphonate and KMnO, 

Monoclimc prisms, si sol water and alcohol^ 
insol ether 

Salts — NajA" 84aq monoclmic crystals — 
(NH,)2A"2aq — CaA"4aq — BaA"5aq — 
PbA"4|aq 

Amide [290°] Pnsms, si sol water 
Ethyl cfherEtjA" [100°] 

Chloride C«H,(bO,Cl) N^ C«H,(SO,Cl) 
[lb6°] Acts upon cold cone aqueous Ba(SH), 
thus C,H,(SO,Cl) N. C,H,(SO,Cl) + 2 BaH 282 - 
N 2 (CaH^ SO, S)^a + BaCl 2 + 2H^S forming thio 
sulpho benzene azo benzene thio sulphomc acid, 
part of which then decomposes according to the 
following equation N 2 (CaH 4 SO S) 2 Ba + H 2 S'« 
H 2 N 2 (C„H^ bO^ S) Ba + S forming the barium 
salt of hydrazobenzene di thio di sulphomc acid 
(Bauer, A 229, 3o3) 

m Sulpho benzene azo -benzene p snlphonio 
acid [4 1] C«H,(HS08)— Nj— C„H,(^HS0,) [1 3] 
Formed, together with the p p acid, by heating 
benzene azo benzene with HjSO* at 160° (Lim 
pricht, B 14, 1356, Rodatz, A 215, 216), and 
by the oxidation of a mixture of m and p- 
potassium amido - benzene sulphonate with 
KMnO^ Uncrystallised syrup On heating 
with dilute HCl to 150° it gives p and w- 
amido benzene sulphomc acids (Limpricht, B 
15, 1155) 

Salts —K 2 A" 2 ^aq yellow needles, v »ol 
water — AgjA" 

Chloride [126°] red needles 
Amide slender yellow needles 

p sulpho benzene azo benzene p - snlphonio 
acid [4 1] SOgH C«H,— N 2 -C 6 H, SOgH [1 4] 
Formation — 1 By oxidising amido benzene- 
p sulphomc acid with KMn 04 (Laar, B 14, 
1928 , Limpricht, B 18, 1414) — 2 Among the 
products of the sulphonation of benzene azo 
benzene at 160° (Limpricht, B 14, 1866 , 16, 
1155 , Janovsky, M 3, 242) 

Properties — Ruby red needles contaimng 2 
or 3 aq (J ), or aq (L ) Melts at about b0° or, 
when dry, at about 160° HClAq at 160° gives 
Bulphamlio acid and other products 

Salts K2A"2^aq si sol water — Na^A" — 
(NH 4 ) 2 A' — AgjA" - CaA" — PbA"aq — CuA"6aq. 
Chloride [222°] Red needles 
Amide [above 800°], orange plates or 
needles, si sol hot water 

Di snlpho benzene azo benzene disulphonie 
acid [6 3 1] CaHg(SOgH )2 N, CgH,(SO,H)^ [1 8 5] 
From nitro benzene di sulphonio acid, zinc dust, 
and baryta (Reiohe, A 203, 64) Very deliques- 
cent crystals — K^A'’ 8aq — BajA'^ 6aq 

Di sulpho benzene azo benzene di snlphonio 
acid [4 3 1] CaH,(SOgH )2 Nj CgHg(SOgH), [1 3 4] 
From the corresponding nitro benzene di sul. 
phonic acid, zinc dust, and baryta water (Reiohe, 
A 203, 70) Salts -K.A‘" 8aq — Ba^A'^ 4aq 
Chloride [58°j, radiating needles* 

Amide [222°] , white needles 
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Fonned by the action of diaeo borzene p aul 
phonic acid (by diazotising eulphanilic acid) on 
an alkaline solution of o cresol (Ndlting a Kohn, 
B 17, 864) Small reddish brown needles Sol 
hot water V si sol alcohol On reduction 
with tin and HCl it gives sulphanilio acid and 
smido 0 cresol C«H,(CH3)(NH,)(OH) [1 5 2] 
Salts ~A'Na 2aq yellow soluble plates 
A'jBa 3aq yellow tables, si sol hot water 
p Sulpho benzene azo m cresol 
[4 1] C3H,(S03K)-N,-C,H,(CH3)(0H) [1 2 4] 
Formed by the action of diazobenzene p sul 
phonic acid on an alkaline solution of m cresol 
(Nolting a Kohn, B 17, 366) Small reddish 
brown crystals with violet reflex V sol 
water and hot alcohol Orange yellow dye stuff 
On reduction it gives sulphanilic acid and 
amido m cresol C,H3(CH3)(NH,){OH) [1 2 6] 
Salts A'Na small jellow soluble needles 
A'jBa yellow plates, v si sol cold water 
Sulpho benzene azo p cresol 
[4 1] C,H,(S03H)-N3-C,H,{CH3)(0H) [15 2] 

or I 

C^H.fSO^H)— N IV 

Formation — 1 13y the action of p diazo 
benzene sulphomc acid on an alkaline solution 
of p cresol —2 By sulphonation of benzene- 
azo p cresol (Nolting a Kohn, B 17, 353) 
Yellowish blown plates with violet reflex V 
sol water and hot alcohol Dyes silk and wool 
orange yellow On reduction with tin and HCl 
it yields sulphanilic acid and amido-p cresol 
C.H,(CH3){NH,)(0H) [1 3 4] 

Salts A'Na soluble yellow plates 
ATK 3aq — A' Mg 5aq — A'^Ba yellowish brown 
tables, si sol hot water 

p Sulpho-benzeue azo-t|^ ouinenol 
[4 1]03H,(HS03)— N,— C„H(CH3)30H[1 3 5 6 2] 
Formed by combining diazo benzene p sulphomc 
acid with 1^ cumenol [70 ] — KA' 2aq orange 

needles (Liebermann a Kostanecki, B 17, 887) 
Sulpho -benzene azo etliylamine Potas 
aium salt C3H,(S03K)— N,— CH(NH3) CH, 

From the potassium salt of the correspond- 
ing nitro compound by reducing with ammonium 
sulphide (Kappeler, B 12, 2285) Silvery plates 
(from water) , si sol water, insol Na^CO,Aq 
KaOHAq dissolves it with cnmson colour 
m Sulpho benzene azo (a) naphthol 
[8 1] C„H,(HSO,)— N,— OH [1 4] Pre 
pared by the action of an alkaline solution of 
(a) naphthol on m diazobenzene sulphomc acid 
tOriess, B 11, 2197) Small greemsh leaflets 
81 sol cold water and cold dlcohol 
m-Sulpho benzene azo (8) naphthol 
[81] C,H,(HSO,)— N,— 0„H3(0H) [12] or 

I Prepared by the 

O.H,(HSO,)— HN/ 

fiotion of an alk^ine solution of {$) naphthol 
on m diazobenzene sulphomc acid (Gness, B 
11, 2197) Slender red needles V sol alcohol 
and water BaA', 5aq yellowish red scales 
61 sol water 

p Sulpho beniene-aso (a) naphthol 
[4 1] C^H (SO,H)— N,— C„H3(0H) [1 4] Tropes 
ohne 000, No 1 Fromp diazobenzene sulphonio 
acid and an alkalme solution of (a) naphthol 
(Liabermann a. Jacobsen, A, 211, 61) Orange 


dye Its absorption spectrum ii given by 
Hartley (0 J 51, 184) 

p Sulpho benzene azo {&) naphthol 
[4 1] 03 H^(S 03 H)— N,-~C,oH.(OH) [12] or 

I TVopiroZine 000 No 2 

C3H,(S0,H)-^HN/ 

From p diazo benzene sulphomc acid a*id ) 
naphthol (W v Miller, B 13, 268 , Hofmann, 
B 10, 1378 , Gness, B 11, 2198) The absorp 
tion spectrum has been examined by Hartley 
(O J 61, 185) 

p Sulpbo-benzene azo (0) naphthol sulphonio 
acid [4 1] C,H,(HS03)-N2- C,„H3(HS0,)0H 
Prepared by the action of p diazobenzene 
sulphomc acid on an alkalme solution of (8) 
naphthol sulphomc acid (Gness, B 11, 2198, 
Stebbins, A C J 2, 236) Yellowish red crys 
tals Excessively soluble m water BaA"7^aq 
difficultly soluble orange microscopic needles 
p Sulpho-benzene azo (o) naphthylamine 
[4 1] C,H,(HS03 )— Nj— C.^H g NHj [1 4] From 
diazotised sulphanilic acid and (a) naphthylamine 
(Gness, B 12 427) Brownish violet needles, 
V si sol boiling water Its acid solutions have 
! a deep magenta colour (Gness s test for nitrous 
acid) , Its alkaline solutions are orange On 
reduction with tin and HCl it gives sulphanilio 
acid and (1,4) naphthylene diamine ^ 

Salts KA'Saq brownish yellow plates, 
Bol ho* water — BaA'j 3aq sparingly soluble 

brown needles (Gness, B 15, 2190) 

p Sulpho benzene azo [8) naphthylamine 
[4 1] C«H,(HS 03 )— Nj— C,oH, NH, [1 2] or 

HN. 

I ^CioHg Formed by the 
C,H,(HS03)— HN/ 

action of p diazo benzene sulphomc acid on 
{$) naphthylamine hydrochloride (Gness, B 
Id, 2191) Small yellowish red needles SI sol, 
water, v sol hot alcohol, insol ether On 
reduction with tin and HCl it gives sulphanilio 
acid and (1, 2) naphthylene diamine — EA'7jaq 
orange plates, sol hot water 

Sulpho benzene azo (a) naphthylamine sulph- 
onicacid C,H,(S03H) N^ C,oH3(S03H) NH,[1 4 2] 
Formed by the action of p diazo benzene sulpho 
me acid on (a) naphthylamine sulphomc acid 
(Gness, B 15, 2194) Needles or plates Bol 
water and alcohol, insol ether, dyes silk and 
wool orange — BaA" 74aq red needles or plates, 
sol hot water — BaH3A"j 8aq sparingly soluble 
violet brown needles 

p-Snlpho benzene azo {$) naphthyl phenyl 
amine C 3 H.(SO,H)— N*— C.^H, NHC^H, or 
C.H,(SO.H) HN* C.oH, 

Prepared by slowly 

NC^H, 

adding dryp diazobenzene sulphomc acid (18 g ) 
to a solution of phenyl (j8) napnthylamine (22 g ) 
in glacial acetic acid (100 c c ) at c 60®, followed 
by finely powdered dry K^CO, (7 g ) , the com 
pound separates out m glistening red needles of 
the potassium salt It is a splendid scarlet 
dyestuff, but is very fugitive in light The 
potassium salt is easily soluble in water , when 
cold its solution solidifies to a transparent red 
jelly HCl precipitates the free acid By SnCl, 
it is reduced to phenyl o naphthvlene diamine 
and sulphaniho aoid By boihng with dilute, 
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mineral acida it is oonyerted into napbthophsn* 
azme and finlphamlio acid 

0 ,H,(S0^) NHCA- 

0„H,<^>C^, + C.H,(NHJSO,H The Ba and 

Ca salts are crystalline insoluble pps (Witt, B 
20 , 672) • 

p Sulpbo benzene azo nitro isobntane 
C.H,(HS0,)-N2- Prepared by the 

action of p diazobenzene sulphonic acid on an 
alkaline solution of nitro iso butane — K A' aq 
orange yellow needles Soluble in alkalis to a 
red solution Dyes silk orange (Kappeler, B 
12 , 2288) 

p Salpho benzene azo nitro ethane 
C,H,(HSO,)— Nj— C^,(N02) Prepared by the 
action of p diazobenzene sulphonic acid on an 
alkaline solution of nitro ethane A K golden 
yellow leaflets, spanngksr soluble in cold water, 
soluble in alkalis to a blood red solution 
(Kappeler, B 12, 2286) 

p Bnlpho benzene azo nitro methane 
OeH,(HSO,)-N,— CH,(NO,) Prepared by the 
action of p diazooenzene sulphonic acid on an 
alkaline solution of nitro methane — KA' 3aq 
orange needles Dyes silk orange (Kappeler, 
B 12, 2286) 

p Salpho-benzene-azo-nitro propane 

C,H,(HS03)— Nj— C(NO )(CH3), Prepared by 
tne action of p diazobenzene sulphonic acid 
on an alkaline solution of nitro isopropane 
A'K hght yellow leaflets Has no dyeing 
power Insoluble m alkalis (Kappeler, B 12, 
2287) 

p Snlphobenzene-azo orcln 
[4 1] C,H,(HS03 )— C,H (CH,)(0H)2 Small 
yellowish red needles Dilhcultly soluble m 
water Prepared by the action of an alkaline 
solution of orcin upon p diazobenzene sulphonic 
acid — KA'2aq (Griesa, B 11, 2196) 

p Sulpho-benzene azo o ozy benzoio acid 
[4 1] CA(S03H)-N3-0«H3(OH)(CO^) [1 4 5] 
i'rom diazotised sulphanilic acid and an alkaline 
solution of salicylic acid Golden needles, si 
sol hot water (Griess, B 11, 2196 , Stebbins, 
B 11,716) -BaH^"j 

p Sulpho benzene azo«ozy-quinoline 

(Z? 1) {B 4) .CH CH ' 

C 3 H,(HS 03 )-N 3 -CA( 0 H)/ , Formed 

CH 

by the combination of p diazo benzene sulphonic 
acid with {B 4) oxy-qumoline (Fischer a 
Renouf,D 17, 1642) Small needles Orange dye 
p SulphO'benzene azo phenol disnlphonio acid 
CA(S03H)-N2— C3H2(S0,H)3(0H) Formed 

by heating azoxybenzene with turning H^SO^ 
Small soluble flat red needles with green lustre 
On reduction it gives p amido benzene-sulphomo 
acid and amido phenol di sulphonic acid 

Salts — A"'K, 8aq yellow microscopic 

needles, easily soluble Bromine water gives tri- 
bromo phenol — A 'Ag unstable red pp — 
A'"^a, 7aq brown crystalline pp — A'^^Pba l^aq 
Chloride red crystalline powder [220°] 
Amide yellow plates [260°], sparingly 
soluble m alcohol (Limpricht, B 16, 1297, 
Wilsmg, A 216,284) 

jp-S^pho benzene azo zylenol 
[41] OaH,(SO,H)-N3— CAMe^OH [13 6-2] 
Formed by combining diazobenzene-p sulphonic 
4 Wid with mxylenol C,H,Me3(OH) [1,8 4] 


(Grevingk, B 19, 148/ Dyes wool and silk a 
browmsh yellow from an acid bath On redno- 
tion it yields sulphanilic acid and o-amido-4n 
zylenol C.H3Me3{NEy (OH) [6 8 12] 

Snlpho - carbozy • beniene > aso -()8)-naphthoU 
(a) di snlphomo acid 

C3H3(CO,H)(SO,H)-N,-C„H,(OH)(SO,H)j. 
Prepared by the action of »» diazo sulpho- 
benzoic acid on an alkahne solution of {0)' 
naphthol (o) di sulphonic acid (Griess, B 
14, 2038) Orange needles or pnsms V sol 
water and alcohol, insol ether Salts — 
A'^^^HjEa, 3aq slightly soluble yellow needles, 
A'-Baj 6aq nearly insoluble red crystalline pp 
Snlpho carbozy benzene azo - ozy > naphthoio 
acidC3H,(S03H)(C03H)— Nj— C, oH 3(OH)(C03H) 
Prepared by the action of diazosulphobenzoio 
acid on an alkahne solution of (a) oxy naphthoio 
acid (Griess, B 11, 2199) Brown mioroscopio 
needles or leaflets SI sol water 

Salpho naphthalene azo (3) naphthol -disul- 
phonic acid C,„H3(SO,H) C,oH,(OH)(SO,H),, 

Crimson dye (Stebbins, A C J 2, 446) 

Sulpho toluene azo toluene sulphonic acid 
r2 4 1] C3H3Me(S03H) C H3Me(SO,H) [1 2 4] 
From potassium o toluidine sulphonate (of 
Gerver) and KMn04 (Kornatzki, A 221, 183) 
Small red prisms, grouped in tables, very soluble in 
water and in alcohol KjA" red plates grouped 
m clumps — BaA"aq — CaA"3aq — PbA"aq 
Chloride [218°] Bed needles (from C^HJ 
Amide [250^] Tables (from aqueous NH,) 
Sulpho toluene azo toluene sulphonic acid 
[2 6 1] C^HgMe (SO3H) C3H3Me(S03H) [1 2 6] 
Azo toluene disulphonic acid From 0 nitro 
toluene sulphonic acid, zinc dust, and KOHAq 
(Neale, A 203, 74) , or from 0 toluidine sul 
phonic acid of Hayduck and KMnO^ (Kornatzki, 
A 221,181) Salts— BaA"4aq — K2A"2iaq — 
CaA"5aq — PbA"4aq 

Chloride [220°] Bed prisms 
Amide [300°] Bed powder 
Sulpho>toluene- azo -toluene sulphonio aeld 
[4 6 1] C3H3Me(S03H) C,H3Me(SO,H) [1 4 6] 
From potassium p toluidine sulphonate and 
KMn04 (Kornatzki, A 221, 182) 

Salt — BaA"3aq 

Salpho toluene azo-tolnene-snlphonio acid 
[4 5 1] C3H3Me(SO,H) C.H3Me(S03H) [1 4 6]. 
Fromp nitro toluene 0 sulphonic acid, KOHAq, 
and zme dust (Neale, A 203, 80) , or from 
potassic p toluidine sulphonate and KMnO^ 

K^A" 3aq — CaA" 3aq — BaA" aq — PbA" 2aq 
Chloride [194°] Bed crystals 
Amide [270°] Yellow 
Exo Sulpho toluene azo -toluene ea»>-fnl« 
phonic acid SO,H CH^ C3H4 N, C«H4 CH2.80,H 
Formation — 1 From CgH4(N02) CHj SO,H 
by boilmg with zmo dust and KOH or Ba(OH)2 — • 
2 From C,H4(NH2) SO.K and KMnO. (Mohr. 
A 221,223) Salts —K^A'^^aq orange plates — 
BaA" l^aq — AgjA" aq 
Chloride, [149°] 

Snlpho-zylene azo di bromo naphthol 
C3H2Me2(SO,H)~N,^C,3H4Br2(OH) From p- 
diazo xylene sulphonio acid and di-bromo-(a)- 
naphthol (Stebbins, jun , A C J 2,446) 
hot water, formmg a scarlet solution 
Snlpho-zylene azo (a) naphthol 
C4,H,Me2(SO,H)— N,— C,*H*OH From p diazo* 
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xyl«ne salphonio acid and (a) napbthol (Stebbins, 
jun , C J 2, 446) Brown dye , sol water 
Sulpho^m-xylene-aso {$) naphthol 

[18 6 4] CAMe,(S03H)-N3-0, A(OH) 
Formed by the action of diazo m xylene sulpho 
me acid (from m xylidme sulphonio acid) upon 
an alkahne solution of (0) naphthol (Ndlting a 
Kohn, JB 19,139) Metallic green crystals SI 
sol cold water Dyes wool and silk from an 
acid bath a yellowish shade of scarlet 

Salts — A'Na* red soluble plates — A'^Ba 
si sol hot water 

Sulpho xylene azo (0) phenanthrol Fromp 
diazo xylene sulphonic acid and (0) phenanthrol 
(Stebbins, A C J 2, 446) Reddish brown dye 
Sulpho-xylene-azo-resorcin i; Di oxy ben- 
zene AZO XYLENE SULPHONIO ACID 

Sulpho xylene azo xylene sulphonio acid 

[2 4 5 1] C^H^Me.jSOaH) -N — C,H Me2(S03H) 
[1 2 4 5] Formed by oxidising (1, 3, b, 4) 
xylidine sulphonic acid with dilute KMn 04 
(Jacobsen a Ledderboge, B 16, 194) , or by 
reducing (6, 1, 8, 4) nitro xylene sulphonic acid 
with zinc*dust and NaOH (Limpricht, B 18, 
2191) Orange plates , v sol water, si sol acids 
Salts — K2A"4aq — KHA"4aq 
Chloride [86^^] , red ciystals 
Amide [174°] 

m Thio-sulpho-benzene azo benzene sulphi 
nio acid [3 1] (HS SO )C,H 4 N, C«H,(SO^) [1 S] 
[below 100°] A solution of the barium thio 
sulpho benzene azo (or hydrazo ) benzene thio 
Bulphonate gives, on evaporation, S and the salt 
of the present acid This salt forms red crusts 
which are sparingly soluble in water, but are 
converted by boiling NajCOg into the soluble 
Na salt, whence HCl separates the free acid as a 
bulky flocculent pp hardly soluble in water, but 
resmified by boiling with it It is soluble in 
alcohol Oxidised bv KMnO^ to N 2 {C«H 4 SOi,K )2 
Salts — BaA" (dried at 140°) — K-A" — 
NujjA" a;aq — PbA" (dried at 130°) 

Isomer — Ammonia converts the acid into a 
brown amorphous base, isomeric with it (Lim- 
pricht, B 18, 1472 , Bauer, A 229, 360) 

m Thio sulpho benzene -azo-benzene -m thio- 
zulphonic acid 

[3 1] HS SO* C,H4 N*,C8H4 so* SH [1 3] 
[91°-98°] From its salts by adding glacial 
acetic acid A voluminous yellow pp insol 
water or alcohol, and resmified when boiled 
with them (Limpricht, B, 18, 1471 , Bauer, A 
229, 358) 

Barium salt — ^BaA"6aq One of the pro- 
ducts of the action of banc sulphydrate upon 
the chloride of sulpho benzene-azo benzene- 
sulphonic acid (q v) V sol hot water, si sol 
cold water, nearly msoluble in alcohol Yellow 
ammomc sulphide slowly converts it mto the 
corresponding hydrazo compound 

Na^"{caq Its solutions give amorphous 
pps with salts of Cu, Pb, Ag and Fe'" 

p Thio-iulpbo- benzene-azo benzene -thiosul- 
phonie acid 

[4 1] aH,(SO*SH)— N*-~C3H4(S0*SH) [1 4] 
Yellow amorphous sohd SI sol water and 
alcohol Formed by the action of a saturated 
aqueous solution of Ba(SH)* upon the chloride 
cf sulpho benzene azo benzene sulphonio acid 
Na^,A''a:aq very soluble yellow warty orystals 


— BaA" yellow warty crystals, sol hot water 
(Limpricht, B 18, 1474 , Bauer, A 229, 368) 
p Toluene azo aoeto acetic acid 

[4 1] C,H4(CH,)-N*- CH(CO OH,) CO,H [188°] 
Ethyl ether [70°] , yellow needles 

Formed by the action of p diazo toluene chlo 
ride on an alcoholic solution of sodio acet acetic 
ether (Zublm, B 11, 1419 , Richter a Munzer, 
B 17, 1929) 

p Toluene azo-acetone 
[4 1] 03H4(CH3)-N*-CH. CO CH* [115°] 
Formation — 1 By heating p toluene azo 
aceto acetic ether with a dilute alcoholic solution 
of NaOH —2 By heating p toluene azo aceto 
acetic acid above its melting point, CO* being 
evolved (Richter a Munzer, B 17, 1929) Yel 
low needles SI sol water 
Toluene azo bromo toluene 
C«H,Me — N* — CyHjBrMe* Bromo azo toluene 

[13b°] (P), [138 5°] (J a E) Formed by 
brominatmg p toluene p azo toluene (Petrieff, 
B 6, 557 , Janovsky a Erb, B 20, 363) Golden 
plates or needles Reduces to a hydrazo com- 
pound [119°] 

Toluene azo chloro toluene 

[4 1] C^H^Me N C^MeCl [1 5 2] [97°] Formed 
by the action of cuprous chloride upon diazotised 
p toluene p azo toluidme (from p toluidine) , 
yield, 20 p c of theoietical Brown plates V soi* 
alcohol, ether, and benzene (Mentha, B 19, 3020) 
p Toluene azo p cresol 

[4 1] C,H4(CH3)-N.-C«H3(CH3)(OH) [1 5 2] 

[113^] Obtained by the action of p diazo 
toluene chloride on an alkaline solution of p- 
cresol It is also formed by diazotismg p toluene 
azo p toluidme C ,H 4 (CH 3 ) -N*— C 3 H 3 (CH,)(NH 2 ) 
and boiling the product with water (Nolting a 
Kohn, B 17, 354) Reddish needles or yellow 
tables V sol ether, benzene, and hot alcohol 
Acetyl derivative [91°], yellow needles 
Benzoyl derivative [95°], small yellow 
needles 

0 Toluene azo ethyl (0) naphthyl amine 
[2 1] C«H4(CH3)-N2-C,„H«(NHEt) [1 2] [132°] 
Formed by heating ethyl 10) naphthyl mtros 
amine with an acetic acid solution of o toluidme 
(Henrufues, B 17, 2670) 

p Toluene azo ethyl (0) naphthyl amine 
[4 1] C,H4(CH,) N* C,„H,(NHEt) [1 2] [113°]. 

Formed by heating ethyl (0) naphthyl nitroa 
amine with an acetic acid solution of n-toluidine 
(Henriques, B 17, 2670) 

o Toluene-p azo-(a)-naphthol 
[2 1] C^H^Me N,,C,„He(OH) [1 4] (a) Naphtho- 

quinone 0 tolyl hydrazide [146°] 

Formation. — 1 From o diazo toluene and 
(o) naphthol — 2 From (o) naphthoquinone and 
o tolyl hydrazine 

Properties — Red glistening needles V sol. 
alcohol, acetic acid, and benzene, less readily m 
benzoline HNOj converts it mto di nitro (o)- 
naphthoL With HCl and HBr it gives dark 
blue metallic glistening salts Dissolves m di- 
lute NaOH 

Methyl etherCi ,H„Nj(OMe) [93°j , reddish- 
brown ghstenmg needles , easily soluble in ordi 
nary solvents 

Ethyl ether C„H„N 2 (OEt) r94°], red 
plates or dark thick ne^les (Zinoke a Rathgon, 
B 19, 2488) 
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^Tblnene^aio (a)>iiap]itliol 
[4 1] O^H^Me Nj C„H«(OH) [1 4] (a) Naphtho 

quinone p tolyl hydraztde [20R°] 

Formation — 1 From p diazo toluene and 
(a) naphthol — 2 From (a) naphthoquinone and 
p-tolyl hydrazine 

PropeHies — Metallic - glistening dark - red 
spangles V sol acetone, aniline, and hot 
nitrobenzene, si sol alcohol, acetic acid, and 
benzene Dissolves in dilute NaOH HNO, 
converts it into di nitro (a) naphthol Not at 
tacked by bromine in acetic acid solution With 
mineral acids it forms salts which separate in 
bluish green metallic glistening plates By 
heating with baryta water it is rendered m 
soluble in alkalis — B'HCl — B'HBr 

Methyl ether C„H,gN2(OMe) [104°] 
Ethyl ether C„H,3N2(OEt) [127°], large 
red crystals or red needles 

Acetyl derivative (OAc) [102°], 

fine yellowish needles (from benzoline) (Zmcke 
a Kathgen, B 19, 2486) 

o Toluene o azo-{a)-naphthol 
[2 1] C«H,Me C,„H,(OH) [2 1] or 

^ \ 

I >C,oHa (/3) Naphtho quinone o- 
C,H^Me HN/ 

tolyl hydrazide [156°] Formed by the action 
^ 0 tolyl hydrazine upon ()3) naphthoquinone 
Glistening red plates Easily soluble in ordinary 
solvents HNOg converts it into di nitro (a) 
naphthol Bromine gives a di bromo derivative 
[254°] (Zmcke a Bathgen, B 19, 2492) 
p Toluene-o-azo (a)>naphtliol 
[4 1] C^H.Me C,oH,(OH) [2 1] or 

CgHjMe N.H ^ ()3) Naphtho quinone 

p tolyl hydrazide [145°] Formed by the 
action of p tolyl hydrazine upon (/3) naphtho- 
quinone Bed slender glistening needles V 
sol alcohol, benzene, and acetic acid, sparingly 
in benzoline By SnCl^ it is reduced to {&) 
amido (a) naphthol and ^ toluidine HNOjCon 
verts it into di nitro (a) naphthol Bromine 
gives a di bromo derivative [236°] (Zmcke a 
Bathgen, B 19, 2491] 

p-Toluene o-azo (^) naphthol 
[4 1] C,H,Me N, C, A(OH) [1 2] or 


CaH.Me NaH/-Ac,oHa [135°] Formed by 
combination of p diazo toluene with (/3) naph 
thol Thick red needles or tables V sol alcohol, 
benzene, acetic acid, and acetone Insoluble in 
cold dilute NaOH With acids it forms unstable 
salts Bromine in acetic acid converts it into a 
di bromo derivative [190°] HNO, gives di nitro- 
(/3) naphthol (Zmcke a Bathgen, B 19, 2490) 

0 Tolnene-o aio (3) naphthol 
[2 1] C,H,Me N, C,oHa(OH) [1 2] or 

C^.MeN,H/_Xc,A [131°] Formed by 
GomWation of o diazo toluene with (3) naphthol 
Fme red needles or plates Insol cold dilute 
NaOH. With acids it forms unstable salts 
HNO, converts it mtodi nitro (3) naphthol Bro- 
mine forms a mono bromo derivative [167°] 
(Zmcke a Ba^gen, B 19, 2491, Fischer, B 20, 
1580) 

^Toluene-aio (jS) -naphthol diinlphonio acid 
C„H 4 Me— Nj— -C,oH 4 (OH)(SO,H)j From sodium- 
(3) naphthol disulphonate and jp diazo toluene 


nitrate (Stebbins, A C / 2, 236, 0 ^ 42, 44) 
Bed leafiets, v sol water Scarlet dye The 
correspondmg o compound dyes yellower, the 
m- compound, redder 

p Toluene azo (a) naphthylamine 
[4 1] NH, [1 4] [146°J. 

Prepared by the action of jp-diazo toluene sul- 
phate on (a) naphthylamine (Weselsky a Bene- 
dikt, B 12, 229) Bed leaflets , msol water.— 
B'2H2S04 3aq steel blue needles. 

o Toluene-azo-nitro-ethane 
[2 1] CgH^Me— N2-CH(N02) CH, [88°] From 
o diazo toluene nitrate and potassium mtro- 
ethane (Barbieri, B 9, 387) Unstable orange 
needles — NaA' golden spangles 

p Toluene azo nitro-ethane [133°] Prepared 
like the preceding (B ) Orange pnsms with 
steel blue lustre Its alkaline solutions are 
deep red 

Toluene azo nitro-toluene 
CaH^Me— Nj — CeH3(N02)Me Nitro azo toluene 

[114°] Among the products of the nitration 
of toluene azo toluene dissolved in glacial acetic 
acid (Janowsky a Erb, B 20, 863) Orange 
monoclinio needles (from 90 p c alcohol) 

Toluene azo nitro-toluene [76°] Fromtoluene- 
azo toluene and HNOj (S G 14) (Petneff, B 6, 
557) 

o Toluene azo-orcm 

C^H^Me- Nj— C,H2Me(OH)2 [203°— 206°] From 
0 diazo toluene and orcm (Sciohilone, O 12, 
223) Bed brown crystals 

p Toluene azo thymol sulphomo acid 
C,H4(CH3)-N2-C«H(CH3)(C3H,)(HS03)0H 
Prepared by the action of p diazo toluene- 
chloride on sodium thymol sulphonate — A'Na 
slender yellow needles, sol alcohol and hot 
water, almost insoluble in cold water (Stebbms, 
B 14,2795) 

o-Toluene-o azo-toluene 

[2 1] Me C3H4— Nj— C3H4 Me [1 2] 0 Azo toluene 
[55°] 

Preparation — 1 By distilling 0 nitro toluene 
with alcoholic potash , or by reducing it with 
zinc dust and alcoholic NaOH (Schultz, B 17, 
497) Cannot be prepared by reducing 0 nitro- 
toluene in alcoholic solution with sodium amal- 
gam (Perkin) — 2 From 0 toluidme and KMn04 
(Hoogewerfl a van Dorp, B 11, 1203) 

Properties —Bo.ik red trimetno pnsms, 
ab c^2 225 1 1 708 Volatile with steam Gives 
a mono nitro- derivative [0 67°], a di-mtro- 
derivative, ^142°], and a tn nitro- derivative that 
decomposes before melting (Petneff) 
m Toluene m azo-toluene 
[3 1] Me C„H4— Nj— C^H^Me [1 3] m Azo-toluene 
[61°] (G ) , [55°] (B ) Ffom t»-nitro toluene 
by boiling with alcoholic KOH (Goldschmidt, 
B 11, 1624), or by treatment with zinc dust and 
alcoholic KOH (Barsilowsky, B 10, 2097, A 
207, 114) Orange red trimetnc tables, o 6 o« 
85 1 64 V sol alcohol 

V Toluene p azo tomene p Azo toluene 
[4 1] Me C„H — Nj— C^H^Me [1 4] [144°] 

Formation — From p toluidme and CrO, fn 
glacial acetic acid , or by treating a solution of 
p toluidme in chloroform with bleaching powder 
(B Bchmitt, J pr [2] 18, 198) Or by oxidising 
p toluidme with H^O, (Leeds, B 14, 1382), or 
oenzoyl peroxide Cannot be prepared by dis- 
tiUmg p mtro toluene with aloohoho potash 
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(Perkin), for by snob treatment a red condenga- 
lion product is obtained which on further reduo 
tion gives di amido di phenyl ethylene [227°] 
(Bender a Schultz, B 19, 8237) 

Pr^ratum — jp Nitro toluene {20g ) in alco 
hoi IS treated with sodium amalgam added gradu 
ally, the mixture being frequently cooled The 
brown solid that separates is crystallised from 
lacial acetic acid (Perkin, C J 37, 654, c/ 
aworsky, J pr 94, 283 , Wengo, Z 1864, 640 , 
Alexejeff, Z 1866, 269 1 Mehns, B 8, 649 , 
Schultz, B 17,472) 

Properties — Bed trimetrio needles V sol 
alcohol and ligroin, si sol alcohol Slowly re 
duced to hydrazo toluene by ammonium sul 
phide In alcoholic solution it is reduced by 
SnClj and HCl to tohdine [91 °] (S ) Nitric 
acid forms a mono mtro derivative, [76°], a 
dinitro derivative [110°], and a tri mtro deriva 
tive [201°] (Petrieff) 

o Toluene m azo toluene 
[2 1] C«H,(CH 3 )-N 2 — C«H,(CH 3 ) [1 3] Obtained 
by diazotismg o toluene azo o toluidine (from o 
toluidme) and treatmg the diazo compound with 
alcohol (Schultz, 17,470) Bed oil Volatile 
with steam V sol alcohol and ether By 
SnCl^ and HCl in alcoholic solution it is con 
verted into an unsymmetrical tolidme 
m Toluene p azo toluene 
[4 1] C,H,(CH,)-N3-C.H,(CH,) [1 3] [68°] 

Formation —1 By the action of zinc dust 
and alcohol upon o diazo toluene azo toluene — 
2 By the action of Ag 0 and alcohol upon the 
compound C,,H, 4 N 4 the reduction product of 
o diazo toluene azo toluene (Zincke a Lawson, 
B 19, 1468) Brownish red plates V sol alco- 
hol, ether and benzene 
0 Toluene azo o toluidme 
[21] C,H4(CH,)-N,-CA(CH,)(NH3) [13 4] 
[100°] Formed by passing nitrous acid gas 
into 0 toluidme (Nietzki, B 10, 662) Tri 
metric crystals, a 6 c — 1 0416 1 1 3268 Heated 
with aniline hydrochloride and alcohol at 160° it 
forms a red dye resembling safframn 

Salts — B'HCl orange tables — B'jHjPtCl, 
Acetyl derivative 

C,H,— N,— C^,(NHAc) [185°] Slender red 

needles, v sol alcohol (Schultz, B 17, 469) 
m Toluene azo m toluidme 
5 1] C^H.Me— N,— 0«H,MefNH2) [1 2 4] [80°] 

Formed by treating an alcoholic solution of 
m toluidme with nitrous acid gas (Nietzki, 
B 10, 1165) Golden needles — B'HCl — 
B'jHjPtCl, Gives p tolylene diamme, [64°], on 
reduction 

y)-Toluene azo o teluidine 
[4 1] O.H4Me— N,— C,H3Me(NH3) [1 3 4] [128°] 
From p-diazo toluene toluide and o toluidme 
hydrocnlonde (Nietzki, B 10, 832) Gives 
p tolylene diamme, [64°], on reduction Heated 
with anilme hydrochloride it forms a violet dye 
Salts -B'HCl — B'APtCl* 
p Toluene azo m toluidme 
[4 1] C^H^Me— N3-C.H,Me(NH,) [1 2 4] [127°] 
From ^-t^azo toluene toluide and m toluidme 
hydron^loride m alcoholic solution (Nietzki, B 
10, 1166) Large yellow plates Gives p tolylene 
diamme [64°] on reduction 
Balts -B'HCl -B',H,PtCl,^ 


p Toluene azo p toluidine 
[4 1] C^H^Me— N,— C,H,Me(NHJ [16 2] W 
NH V 

I NCaHjMe [119°] o Amido azo 
C^H^Me NjH/ 

toluene Toluene hydrazimido toluene Ppe'^ 
pared by heating p diazo toluene toluide 
(diazo amido toluene), dissolved m 6 or 6 times 
its weight of melted p toluidme, with p toluidme 
hydrochlonde (1 mol ) at 66° for 12 hours 
Orange red glistening needles V sol hot alco 
hoi, acetic ether, and benzene On reduction 
It gives p toluidme and tolylene o diamine CrO, 
oxidises it m acetic acid solution to toluene 
azimido toluene C^H^ — Nj — CjHg (Zincke, B 18, 
3142) Heated with p toluidine hydrochloride 
and p toluidme at 100° it gives a body C^^H^jN, 
analogous to azophenme which forms flat red 
needles Heated to a higher temperature dye- 
stuffs of the induline series are formed It is 
converted into eurhodine Cj^H^N, by heating 
with (a) naphthylamme hydrochloride (Witt, 
C J 49, 393) The salts of o amido azo p 
toluene are yellow m the solid state, but dissolve 
to green solutions — B'HCl slender light yellow 
needles 

Acetyl derivative [157°], yellow felted 
needles 

Benzoyl derivative [135°], orange, 
yellow needles (Witt a Nolting, B 17, 77) 

Disulphonic acid C,4H,,Ns(S08H)j 
Formed by sulphonatmg with fuming H SO* 
(N a W ) Greyish white needles Is a jellow 
dyestuff of redder shade than ‘ acid yellow ’ — 
BaA"4aq brownish red crystalline powder 
p Toluene-azo-tolylene-diamme 
[4 1] CnH^Me-N^— C„H Me(NH,)2 [1 3 4 6] 

[183°] From p diazo toluene nitrate and toly 
lene m diamme (Hofmann, B 10, 218) Orange 
needles, v sol alcohol, insol water — B"HC1 — 
B",H2PtCl3 

Xylene-azo-(;B)-naphtliol-(i8) sulphonio acid. 
Biazo xylene does not combine with Bumpf’s ‘a’ 
sulphonic acid of (j8) naphthol m dilute alkaline 
solution, although some other diazo compounds 
(such as diazo benzene) do combine with it under 
the same conditions If, however, the solution 
IS very concentrated, the combination with 
diazo xylene takes place The product forma 
red needles, dissolves m H^SO* with a red 
colour, and dyes wool a somewhat yellower shade 
than the compound from Sohsrfer’s ‘ jS ’ acid 
(Schultz, B 17,461) 

Xylene azo thymol inlphonio aoid 
C3H,(CHJ3-N3- C«H(CH,)(C3H,)(HS0,)0H 
Slender yellow needles Prepared by the action^ 
of diazo xylene chloride on sodium thymol 
sulphonate — A'jBa small yellow needles or 

plates (Stebbms, B 14, 2796) 

Xylene azo xylene 

C,H,(CH 3 ),-N 3 — C,H,(CH,), Azo xylene [126<=^ 
corr ] Formed by i eduction of mtro m xylene* 
with sodium amalgam or with zinc dust and alco 
hollo NaOH , very small yield A better yield 
is obtained by oxidation of xylidine with alkaline 
potassium femcyanide (Wengo, Z 1864, 723 , 
1866, 312 , Samonoff, Bl [2] 89, m , J R 
1882, 327 , Schultz, B 17, 476) Bed needles 
Sol hot alcohol It does not appear to give a 
dixylyl base by treatment with SnCl, and HCl 
m alcohohc solution. 
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m>X3rlend o aso m zylidine 
P4 1] 0,H,Me,— N,~CAMe,(NEy [1 8 6 6] 
NH V 

or I \CgH2Me-. 0 AwAdO’OiO- 

icylene [78°] 

Prepdratwn — Diazo m xylene m xylide, pre 
pared by adding a solution of 1 mol of sodium 
nitrite to a mixture of 1 mol of m xybdine 
C^HsMej NH2[1 3 4] and 1 mol of its hydro 
chloride, is dissolved in m xylidine and gently 
warmed for a long time with about 6 p c of 
m xylidme hydrochloride The mixture is then 
aoidihed with dilute HCl, the precipitated hydro 
chloride is filtered off, washed with water, 
alcohol, and ether, basified, and crystallised 
from alcohol or benzene , the yield is 70 p c to 
80 p c of theoretical Orange plates V sol 
benzene, and hot alcohol, v si sol water 

Reachons — On reduction it yields m xylidine 
and w-xylylene 0 diamme CaH.^Me^(NH.J, 
[1 3 5 6] 

Salts — B'HCl yellow crystalhne powder, 
dissolves sparingly in alcohol with a green 
colour, soluble in phenol with a splendid green 
colour (Noltmg a Forel, B 18, 2682) 
ra-Xylene p azo w-xylidine 
[2 6 1] CeH,Me2— N2-C«H2Me,(NH,) [1 3 5 4] 
J78°] Yellow plates Easily soluble in alcohol 
and benze le Prepared from m xylidine 
C^jHaMe^ NHjfl 3 2] by the same method as that 
described under m xylene 0 azo m xylidme 
Salts — B'jHjCljPtCl^ red crystalline powder 
The hydrochloride dissolves in phenol or alcohol 
with a red colour (Noltmg a Forel, B 18, 2684) 
w-Xylene p azo m xylidine 
[3 5 1] CgHaMe,— Nj— CeH;!de2(NH) [1 2 6 4] 
[95°] Prepared from m xylidme CrfHjjMejNHj 
[1 3 5] by the same method as that described for 
m xylene 0 azo m xylidme Yellow plates On 
reduction it gives symmetrical m xylidme and 
VI xylylene p diamme C«H,Me 2 (NH ) [1 3 2 5] 

The hydrochloride dissolves m phenol with a 
violet red colour (Noltmg a Forel, B 18, 2684) 
o-Xylene p azo 0 zyhdine 
[2 3 1] CAMej— N 2 — CaH2Me2(NH2) [1 2 3 4] 
[111'^] Prepared from o xylidme C^gMejNH^ 
[1 2 3] by the same method as that described 
under m xylene o azo vi xylidene (Noltmg a 
lorel, B 18, 2684) Ghstenmg jellow plates 
(from alcohol or benzene) On reduction it 
yields 0 xylidme and 0 xylylene -p diamine 
C,H. 2 Me 2 (NH 2 ) 2 [l 2 3 6] The hydrochloride 
dissolves m phenol with a red colour 
m Xylene p azo p xylidine 
[2 4 1] C«H,Me2-N2— C,H2Me2(NH2) [1 2 5 4] 
[111°] Bed plates 

Preparation 60 c 0 of a solution of sodium 
nitrite containing 227 grms NaNOj per litre are 
added to a mixture of 20 grms of p xyhdme 
and 26 grms of hydrochloiide of m xyhdme 
C,H 3 Me 2 (NH 2 ) [13 4], the diazoamide so formed 
fs dissolved in 20 grms of p xyhdme and gently 
warmed with 4 grms of p xylidene hydrochlonde 
Reactions — On reduction it yields m-xyhdme 
andp xylylene p diamineCflH 2 M® 2 (^Hi) 2 [l 4 2 6] 
The hydrochloride dissolves m phenol with a 
red colour (Nietzki, B 18, 470 , NSltmg a. 
Forel, B 18, 2686) 

p Xylene p azo p xylidine 
[2 61] 0,H,Me3-l^~C,H2Mej(NH2) [12 6 4]. 


[160®] Bed plates (from alcohol) Prepared 
from p-xyhdme C,H^e 2 (NB[,) [1 4 5] by tjbe 
same method as that described under m-xylene 
o azo m xyhdme On reduction it yields p- 
xyhdme and p-xylylene p-diamme C<H 2 Me 2 (NH^, 
[1 4 2 6] The hydrochlonde is red, and dissolves 
m phenol with a violet red colour (Ndltmg a. 
Forel, B 18, 2686) 

o Xylene 0 azo 0 xylidme 
[3 4 1] C,H,Me 2 — Nj— OAMe^CNHj) [1 3 4 6] or 
NH 

CeHjMej— NjH 

plates SI sol alcohol Prepared from 0 xyhdme 
C^H,Me 2 (NH 2 ) [1 2 4] by the same method as that 
described under m xylene 0 azo m xyhdme On 
reduction it gives rise to 0 xyhdme and 0 * 
xylylene o diamme C,H 2 Me 2 (NH 2)2 [1 2 4 6] Its 
hyarochloride dissolves m phenol with a greeh 
colour (NSlting a Forel, B 18, 2685) 

DIAZO- COMPOTODB A class of bodiea 
formed by the action of nitrous acid upon 
primary amido compounds X N + 0 N OH «■ 
X Nj OH + HjO They contam a pair of nitrogen 
atoms (Fr azote) which are united to only one 
hydrocarbon radicle, whilst in the azo compounds 
the Nj group is united to two hydrocarbon 
radicles X N 2 Y The diazo radicles X N', can- 
not of course exist m the free state, but they 
occur as hydrates X Nj OH, chlorides X Nj Cl, 
amides XNjNHB, &c For the sake of con 
venience reactions will usually be represented 
in this article as taking place with the hydrates 
The diazo salts X NjA may be regarded as 
derived from the salts of ammes X NHjA by 
the displacement of H, by N This may take 
place m two ways According to KekuM’s 
view, which is that most generally adopted, both 
nitrog'^n atoms are tnvalent X N N A On the 
other hand, Blomstrand (Chemie der Jetztzeitt 
p 272, and B 8, 61) assumes that the mtrogen 
attached to the carbon is pentavalent X N A , 

N 

Strecker [B 4, 786) and Erlenmeyer {B 7, 1110) 
also concur m this view The reduction of 
diazo compounds to hydrazines, which have the 
undoubted constitution X NH NH 2 , E Fischer 
{A 190, 67) regards as a proof of the correct- 
ness of Kekul6’8 formula, since a body of the 
constitution X N A would, he considers, give on 
N 

reduction XNHj. Crum Brown, however, has 
NH 

pointed out m a pnvate communication that 
this argument is fallacious, since the product 
of the reduction is not a hydrazine itself but a 
hydrazme salt, and X N A, by addmg H, to each 
N 

N, would give the hydrazme salt X I^H^A He 

NH2 

considers the pentad N m the salts of hydra- 
zines IS most probably that connected to the 
hydrocarbon nucleus, m which case to explain 
their formation by adoption of Kekul6’s formula 
would necessitate a shifting of the acid fronx 
one N to the other The strongest argument 
against Kekul4’s formula is that it representa 
diazo- salts, by not contaming pentad mtrogen, 
as differently constituted to ^e salts of all 
other nitrogen bases. On the other hand, the 


Nc^HjMe, [179®] YeUow 
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formnlE XNA would necessitate a rearrange- 
N 

snent of the molecule in the formation of azo- 
•ompounds which undoubtedly have the con- 
atitution X N N Y 

The simplest member of the senes H Nj OH 
should be formed by the action of nitrous acid 
upon NH,, but it has not yet been obtained, 
probably by reason of its extreme instability 
The best known diazo compounds are those 
derived from aromatic amines and amido com 
pounds, some of which are tolerably stable bodies 
No diazo compounds have at present been ob 
tamed from fatty amines, for, like the first 
member of the series, H Nj OH, they are so un 
stable that they are probably scarcely capable of 
existence, and at once break up into the alcohol 
and The only known fatty diazo compounds 
are a few which have lately been prepaied from 
fatty amido ethers (c g gljcocolJ) In their con 
stitution they differ from the aromatic diazo 
hydrates by containing a molecule of water 
less (EtO.CjCH^ N, OH - H O - (EtO,C)CH 

A Aromatic diazo compoands The dis 
covery of these bodies, and a large portion of 
our knowledge concerning them, are due to P 
Gness (A 106, 123, 113, 201 , 117, 1 , 120, 125 , 
121, 267 , 137, 39 , &c ), who, in a series of 
classical researches, opened up a field of in 
vestigation which in a few years has produced 
more disoovenes of scientific interest and prac 
tical utility than almost any other bianch of 
organic chemistry 

Formation — 1 By the action of nitrous 
acid, or any compound readily forming nitrous 
acid (eg NOCl, NOBr, SO,(OH)(NO,), zinc dust 
and HNOs, <feo ) upon salts of primary amines — 
2 By oxidation of primary hydrazines (E Fischer, 
A 190,97) 

Preparation — The details vary very much 
with individual cases and the purposes for 
which the diazo compounds are required The 
amine can be dissolved in water, alcohol, acetic 
acid, HCl, H 2 SO 4 , &c , and can then be treated 
with mtrous acid gas, sodium nitrite, or a 
nitrous ether When required in the solid form, 
a common method is to mix the nitrate of the 
amine with a little water, cool in a freezing 
mixture, and saturate with NjOj gas , the diazo- 
nitrate is then ppd by addition of alcohol and 
ether Diazo compounds can also bo isolated 
from their aqueous solutions by ppn as platino- 
ohlorides, perbromides, picrates, sulphites, <feo 
When the diazo compound is required for a 
subsequent reaction it is seldom necessary to 
isolate it, but the compound can bo prepared 
tinder the conditions suitable to the second re- 
action For instance, when the diazo- compound 
IS to be conjugated with an amine or phenol to 
form an azo- compound, the amine is usually 
dissolved m water containing 2 mol of HCl for 
each NH, group, cooled by addition of ice, and 
mixed with an aqueous solution of sodium 
nitrite (1 mol to each NH^) The solution of 
the diazo ohlonde thus prepared can be at once 
treated with a solution of the phenol or amine 

The diazotisation of simple amines, m not 
too dilute solutions, usually takes place quanti- 
tatively, and the reaction is tolerably rapid 
For instance, the diazotisation of aniline m a 
18p.o solution IS BO complete within an hour 


that it forms the most accurate method of esti- 
mating nitrous acid or anihne (Green a Bideol, 
C N 49, 173 , Green a Evershed, SGI 1386, 
633) The greater the molecular weight of the 
amine the slower and less complete is the diazo 
tisation The diazotisation of heavy amido 
bodies IS facilitated by the presence* of a very 
large excess of nuneral acid, using as little 
water as possible Alcohol in many cases 
appears to have a contrary effect Amido groups 
cannot be diazotised unless combined with an 
acid thus if the ordinary hydrochloride of p 
phenylene diamine C H,(NH )(NH3C1) is treated 
with HNO 2 only one NH group is diazotised, 
but if a largo excess of HCl is employed so that 
C^HJNH,Ci )2 IS present, both NH groups are 
diazotised The final products of the action of 
nitrous acid upon the mono acid salts of di 
amines vary with the coivstitution of the latter 
Thus o phenylene diamine gives azimido 
benzene 

0,HdNH2) N 2 OH-H 0 = | >NH. 

m - Phenylene diamine gives tri amido azo 
benzene, thus CeH,(NH ) N„ OH + C,H,(NH ), - 
C,H,(NH ) N C.Hj(NH 2)2 + H 0 Whilst the 
diazo compound C H 4 (NH^) N OH [1 4], from 
p phenylene diamine, does not undergo any 
further transformation The di amido benzoic 
acids react with nitrous acid in an exactly 
similar manner according as the NH, groups 
are 0 , w, or p to each other (Gness, B 17, 607) 

Properties — The diazo salts are in general 
very unstable crystalline solids When dry they 
often decompose with detonation, by heat or per 
cussion Their solutions slowly decompose at 
the ordinary temperature, more quickly on heat 
ing, with evolution of nitrogen Tht, hydiates 
are even more unstable than the salts, and have 
scarcely ever been isolated The stability is 
increased by substitution in the nucleus , thus 
diazo benzene sulphonic acid is more stable 
than diazo benzene The diazo derivatives of 
substituted phenols and of 0 and p sulphonic 
acids usually occur in the form of anhydro com- 
pounds, e g 

and 

0,H,<;gg^-HsO - In a similar 

manner o amido diazo compounds form inner 
amides {e g azimido benzene, v supra) 

Beactions — The diazo- compounds are ex 
tremely prone to undergo reactions , they play a 
most important part in organic syntheses and 
the determination of the constitution of isomeric 
aromatic compounds, by serving as an inter 
mediate stage by means of which NH, groups 
can be replaced by H, OH, Cl, Br, I, F, CN, 
SH, NO 2 , &c Their power of combining with 
amines and phenols to form azo compounds 
renders them of great technical importance 
for the production of colouring-matters, for 
which purpose they are prepared in large quan- 
tities. The majority of their reactions consist 
m the evolution of N,, and its replacement by 
the atoin or group (Cl, OH, <fco ) previously 
united to it 
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1 Bj heahng tJie aqueous solution nitrogen 
Is evolved, with formation of the oorresponchng 
phenol X N, OH X OH + N, The best method 
18 to dissolve the amine in a considerable excess 
of dilute HjSO^, diazotise by adding NaNOj, to 
the iced solution, and finally heat to boihng 

2 Wl^n heated with strong alcohol the 
normal reaction appears to be the replacement 
of the Nj group by OEt, with formation of 
ethoxy compounds (Wroblewski, Z 6, 164 , B 
17,2703, Haller, J5 17,1887, Hofmann, H 17, 
1917, Remsen, -4m 8,243, B 18,65, Hayduck, 
A 172, 212 , Zander, A 198, 26 , Heffter, A 
221, 352 , Paysan, A 221, 212, 363 , Mohr, A 
221, 222 , Hesse, A 230, 293) 

3 Under certain circumstances, at present 
undetermined, the reaction with alcohol takes a 
different course, resulting in the substitution of 
H for the Nj group, with production of the cor 
responding hydrocarboh together with aldehyde 

X Nj OH + C HflO = X H + C^Hp + + H^O 

(Griess) (a) The amido- compound is treated 
with a solution of nitrous acid in absolute alcohol, 
warmed till nitrogen comes off freely, allowed 
to cool, resaturated with and the opera 

tion repeated until but little gas is evolved on 
heating (Neville a Winther, G J 37, 452) 
(6) The amido compound is dissolved in a con- 
siderable excess of cone H^S04, the solution 
diluted with a small quantity of water is cooled 
in a freezing mixture, and the necessary quan 
tity of solid sodium nitrite added When diazo 
tised the solution is poured in a thin stream 
into two or three times its bulk of alcohol , the 
mixture becomes warm enough to complete the 
reaction without further heating (Meldola, C J 
1885, 507) 

4 Mercaptan^ when heated with diazo com 
pounds at 170°, behaves similarly to alcohol in 
reaction 8, causing the displacement of Nj by 
hydrogen with simultaneous formation of di 
ethyl di sulphide (Schmitt a Mittenzwey, J pr 
126, 192) 

5 The displacement of the Nj group by H is 
also effected by reduction to the corresponding 
hydrazine {q v), and treatment of this with 
CUSO4 or Fe Clfl {B 18, 90) 

6 Reduction of a diazo chloride with excess 
of SnClj also effects the displacement of Nj by H 
X N,C1 + SnClj + H 0 = X H + SnOCl, + HCl + 

A dilute aqueous solution of the diazo chloride 
13 treated with an excess of SnClj at 0°, and 
finally heated for two hours with an inverted 
condenser , the yield is good (Effront, B 17, 
2329, Gasiorowski a Wayss, H 18,337) 

7 By treatment of a cold solution of a diazo- 
compound in cone HCl with (2 mols of) SnClj, 
the corresponding hydrazine {q 1; ) is produced 
X N2.CI + 2SnCl2 + 3HC1 = X NH NH^ -f 2SnCl4 

8 The reduction of the sulphites of diazo 
compounds with SO,, or with zinc dust and 
acetic acid, also gives rise to hydrazines 

9 By heating with dilute HNO, nitrated 
phenols are obtained (Nolting a Wild, B 18, 
1338) 

10 The platino chlorides on distillation with 
dry Na^CO, yield the coiTesponding ohloro deri- 
vatives (X Nj Cl)2PtCl4= 2X Cl + 2N2 + PtCl^ 

11 The replacement of by Cl is also 
effected by boiling the diazo compound with 
fmnmg HCl m large excess X Nj Cl « X.C1 + N, 


m 

(Griess, B 18, 960, Gairiorowski a. Wayss, 3 
18, 1936) 

12 The same replacement is most readily 
effected by treating the aqueous solution of the 
diazo chloride with cuprous chloride, which 
appears to act by intermediate formation of an 
addition product R Nj Cl, CiLjOla (a) A 10 p c 
solution of CujClj IS prepared by adding 100 pts 
of cone HCl and 13 pts of copper turnings to a 
hot solution of 25 pts. of crystallised CUSO4 and 

12 pts of NaCl, boiling till decolourised, and 
making up the weight to 203 pts with cone HCl 
A dilute HCl solution of the diazo compound is 
allowed to run slowly into the above solution 
(about 5 times the weight of the amine used) 
heated nearly to boihng , the product, if volatile, 
IS distilled with steam, or it is separated and 
purified by crystallisation (6) In most cases 
instead of separately diazotismg the amine, its 
solution in dilute HCl can be mixed with about 
6 pts of the 10 p c Cu^Clj solution, and a solu 
tion of the calculated quantity of NaNOj run 
into the nearly boiling mixture (Sandmoyer, B 
17, 1633, 2660, Lehmann, B 19, 810) 

13 The perhromidcs {q v) of diazo com 
pounds, on heating by themselves, or with dry 
Na^COa, or best by boihng with glacial acetic 
acid, yield bromo - derivatives X N, Br* =• 
X Br + Brj + Nj (Neville a Winther, C J 87, 462) 

14 The replacement of Nj by Br is also 
effected by boihng the diazo compound with 
fuming HBr in large excess X Nj Br = X Br + N, 
(Griess, B 18, 960 , Gasiorowski a Wayss, B 
18, 1936) 

15 The same replacement is most con 
veniently effected by means of cuprous bromide 
{cf reaction 12) A solution of 125 pts of 
crystalhsed CUSO4 (^ mol ), 360 pts of KBr (8 
mols ), 800 pts of water, and 110 pts of cono 
H^S04 (1 mol ), IS boiled with 200 pts of copper 
turnings tih decolourised The amine (1 mol ) 

13 then added, and into the mixture, heated 
nearly to boihng, is slowly run a solution of 
70 pts NaNOj (1 mol ) in 400 pts of water 
(Sandmeyer, B 17, 2650 , 18, 1492) 

16 By boihng diazo compounds with aqueous 
HI the Nj group is replaced by I forming lodo 
compounds X Nj.1 - XI + Nj (Griess, B 18, 
960) 

17 By boiling with HF the Nj group is re 
placed by F giving fluoro compounds X N, F « 
XF + No (Griess, H 18,960, Paterno a Oliveri, 
O 12, 85 , 13, 533 , Wallach, A 235, 256) 

18 By heating diazo salts with Cu2(CN)3 the 
Nj group IS replaced by CN (cf reactions 12 and 
15) The nitriles so formed can be converted 
into carboxylic acids by saponification, so that 
by means of this reaction an NHj group can be 
replaced by COjH 28 pts of KCN (96 pc) are 
added to a hot solution of 25 pts of crystallised 
CUSO4 in 150 pts of water , into this solution, 
heated to about 90°, is slowly run an aqueous 
solution of the diazo chlonde If the mtnie la 
required for conversion into the acid, it is not 
always necessary to isolate it, but the crude pro- 
duct of the reaction can be at once saponified 
(Sandmeyer, B 17, 2660 , 18, 1492, 1496) 

19 By the action of a warm aloohohe solution 
of K38 the N, group is replaced by SH, thus 
X N, SH ■■ X SH + Nj The meroaptans §0 formed 
can be conyerted mto sulphomo acids by oxida« 
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tion with cold KMnO^, so that by means of 
this reaction an NH, group can be replaced by 
SO,H (Klason, B 20, 849) 

20 Hydnc sulphide converts diazo benzene 
into phenyl sulphide (OjHJjS (Graebe a Mann, 
B 15, 1688) 

21 Diazo compounds combine with ethyl 
mercaptan to form unstable bodies X Nj SEt, 
which when boiled with alcohol yield sulphides 
X N, SEt = X SEt + Nj (Stadier, B 17, 2076) 

22 By heating with acetic anhydride, acetyl- 
Bted phenols are formed X OH + kc^O « 
X OAc + N, + AcOH (Wallach, A 235, 231) 

23 SO, in presence of boihng alcohol con 
verts some diazo compounds into the corre 
spondmg sulphonic acids XNjOH + SO,® 
X SO, OH + N, (Hubner, B 10, 1716) 

24 Alkalis give insoluble pps of complex 
constitution (Frankland, C J 81, 750) 

26 Action of cyanogen compounds (v Gness, 
B 9, 132 , 12, 2119 , Gabriel, B 12, 1637) 

26 Cuprous nitrite replaces the diazo group 
by NO,. The amine (1 mol ) is dissolved in 
exactly 2 mols of dilute HNO, (or 1 mol of 
dilute HjSOJ and the iced solution treated with 
one half of a solution of 2 mols of NaNO , the 
other half being added when the diazotisation 
is complete The solution of the diazo nitrite 
IB added to a paste of 1 mol of CujO (obtained 
by reducing CuSO^ with glucose and NaOH) 
and the decomposition allowed to proceed in 
the cold The yield of nitrobenzene from am 
line is 42 p c of the theoretical, but with other 
bases it is smaller (Sandmeyer, B 20, 1494) 

27 Primary and secoiidary amines, react at 
once with diazo compounds forming diazo amides 
(qv) XNjOH-fHN Y-XN,NHY + H,0 In 
these bodies the diazo radicle replaces H united 
to N, and on treatment with excess of acid they 
readily regenerate the diazo compound and 
amine When diazo compounds act upon salts 
of aromatic amines, the diazo residue may re 
place H m the carbon nucleus, with formation of 
amido azo compounds X N, OH + HY" NH, =» 
X N, Y" NH, + HjO In the case of tertiary 
aromatic amines the latter reaction is the only 
one possible, but with primary and secondary i 
aromatic amines the replacement in the nucleus 
may be preceded by the formation of a diazo 
amide, when there is no large excess of mineral 
acid present The readiness with which amido 
p,zo compounds are formed vanes greatly with 
the amme in some cases [e g (a) and (0) naph 
thylamme, phenylene diamine, &c ) the replace 
ment m the nucleus appears to take place almost 
instantly , m others (e g aniline) the reaction, at 
the ordinary temperature, takes several hours 
for its completion, allowing the intermediate 
formation of the diazo amide /"Eriswell a Green, 
C J 1885, 917 , Proceedings 1887, 26) In 
many oases the formation of an amido azo 
compound will take place m presence of a large 
excess of acid, under which conditions the forma- 
tion of a diazo amide is precluded In the for- 
mation of amido azo compounds of the benzene 
senes the diazo residue enters m the para posi- 
tion to the NH, group , but when this place is 
already occupied it takes the ortho position 
The ortho amido azo- compounds appear to be 
differently constituted to the para amido azo 
eompounds (v Azo coktouiuds) If the amine 


does not contain any free para or ortho positioo 
the formation from it of an amido azo compound 
does not appear to be possible When a diamine 
contains displaceable H atoms para to each NH, 
group, it IS capable of reacting with 2 mols of a 
diazo- compound to form a disazo- compound 
2XN OH + H Y*^(NH,),«-. 

(XN),Y'-(NH,),4.2H,0 

28 Diazo compounds readily react upon 
phenols and their sulphonic and carboxylic acids 
in alkaline solution, forming oxy azo com 
pounds X N, OH + H Y" OH = X N, Y" OH -h H,0 
Compounds of the form X N, OY' analogous to 
the diazo amides have never been obtained The 
abo\e remarks {reaction 24) with regard to the 
position taken by the diazo groupm the benzene 
nucleus apply equally to oxy and to amido azo 
compounds Also, the di oxy compounds, simi 
larly to diamines, can give rise to disazo 
compounds (X N 2 ) 2 Y‘’'(OH )2 when they contain 
displaceable H atoms para to each OH group 

29 Diazo compounds readily react with 
pyrrol, with formation of azo and disazo bodies, 
XN 2 C,H 3 NH and (X N 2 ) 2 C,H 2 NH, but no com 
pounds analogous to diazo amides (O Fischer a 
Hepp, B 19,2261) 

30 Piperidine, on the other hand, gives nse 
to piperidides X N, NC^Hjo (O Wallach, A 236, 
233) 

31 Amido thiophene, unlike aniline, does not 
appear to form diazo amides when treated with 
diazo compounds, but gives at once amido azo 
compounds X N, C^SH, NH^ (Stadier, B 18, 
2318) This 18 no doubt due to the tendency to 
replacement of the hydrogen being greater in the 
thiophene nng than in the benzene ring 

32 Diazo compounds react with those bodies 
of the fatty series which contain H vnited to 0, 
replaceable by sodium, e g nitro methane, nitro 
ethane, malonic ether, aceto acetic ether, other 
ketonic ethers, dc The products are mixed 
azo compounds those from nitro methane for 
instance, have the constitution X N CH2(N02) 
(Meyer, B 8, 751, 1073, 9, 384 , Zublin, B 11, 
1417, Kappeler, B 12, 2280, liichter a 
Munzer, B 17, 1926 , Gness, B 18, 961 , 
Bamberger, B 17, 2415 , 18, 2563) 

Salts — The diazo salts have the general 
formula X Nj A They are mostly white crys 
tallme solids, very easily soluble in water, but 
sparingly in alcohol and ether They are 
usually very unstable, and in the dry state aro 
often very explosive, especially the nitrates 
and piorates By the action of K^SO, upon 
diazo chlorides, sulphites are formed of 
the constitution X Nj SOgK Stannic and 
cuprous salts give double compounds of 
the formula (X N 2 .Cl) 2 SnCl„ (X Cl)Cu Clj, 
(X N 2 Br)Cu 2 Br 2 , &c (Gness, B 18, 995, 
Lellmann, B 19, 810) The platino chlorides 
(X N 2 .Cl) 2 PtCl^ are sparingly soluble pps An 
excess of bromine produces yellow or red pps 
of the per bromides X N^Br, The diazo 
sulphonic and carboxylic acids form salts 
X"(SOsM) N 2 .OH with bases, as well as 
X"(SO,H) N 2 .A with acids 

Amides As already mentioned {reaction 
27), the action of primary and secondary amines 
upon diazo compounds gives nse to diazo- 
amides of the general formula X N„ NHY, or 
X N, NY 1 Y 3 Thus diazo benzene and amltnt 
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yield diazo benzene-anilide(diazoainidobenzene) 
N, OH + OeH. NH^ - Nj NH.O^» 
Thepe bodies are in general yellow crystalline 
Bolida, stable below 100® when free from acid 
By treatment with an excess of mineral acid 
they are resolved, even in the cold, into the 
diazo 8al4 and amine When the amine is 
aromatic the resolution products again slowly 
recombine, if the conditions are favourable, to 
produce an amido azo compound X Nj Y" NH, 
isomeric with the original diazo amide The 
resolution and recombination take place con 
currently when the diazo amide is treated with 
1 mol of cold dilute HCl, or with unstable 
salts, such as ZnClj, CaCl2, aniline chloride, &c , 
in alcoholic or aniline solution (Friswell a 
Green, C J 1885, 917 , Wallach, A 235, 233) 
When a diazo amide is treated with a salt of a 
base different from that of which it is a com 
pound, the diazo salt ^nerated will react upon 
that base of the two whose nucleal hydrogen is 
most readily replaced Thus diazo benzene di- 
methyl amide CgH, N„ NMej treated with aniline 
chloride gives amido azo benzene and di 
methyl amine , similarly, diazobenzene anilide 
Nj NHCfiHj treated with m phenylene- 
diamine hydrochloride yields di amido azo 
benzene C^Hs C,H3(NH2)2, whilst aniline is 
set free , but diazo benzene anilide treated 
wiLth p tolmdine hydrochloride gives amido azo 
benzene and p toluidme, because the para H of 
the aniline is more readily replaced than the 
ortho H of the p toluidine Even very weak 
acids, such as acetic acid and phenols, are capable 
of resolving most diazo amides In the latter 
case the diazo compounds produced immediately 
combine with the phenol to form oxy azo com- 
pounds, for diazo residues replace the hydrogen 
of the nucleus more readily in phenols than 
in amines (Heumarm a Oeoonomides, B 20, 
904) 

In general it may be said that the reactions 
of the diazo amides towards reagents m presence 
of acids, are simply tho reactions of the free 
diazo salts, thus SnClj and HCl reduce them 
to hydrazines (cf reaction 7) , heating with 
strong halogen acids gives haloid derivatives of 
the hydrocarbons {af reactions 11, 14, 16, and 
17), &c 

It appears to be proved (Griess, B 7, 1619 , 
Nolting a Binder, J5Z 42,336, Meldolaa Streat 
feild, C J 1887, 102, 434) that the diazo amides 
of the types X Nj NHY and Y Nj NHX are iden 
tical— that IS, the same body is obtained which 
ever of the two ammes is diazotised and com 
bmed with the other The resolution of these 
unsymmetrical diazo amides quite corresponds 
to their formation, for they yield a mixture of 
both diazo compounds X N^OH and Y N OH, 
and both amines X and Y NHj For in- 
stance, the compound CgHj NjH C7H7 is obtained 
by combimng either diazo benzene with p tolui- 
dine, or p diazo toluene with aniline , and on 
treatment with HCl it splits up equally into 
diazo-benzene, p-diazo toluene, aniline, and p- 
toluidine When only 1 mol of HCl is present 
these resolution products will recombine to form 
one or more amido azo compounds according to 
circumstances 

Alkahs, even m boiling aqueous or alcoholic 
solution, usu^ly have no action upon diazo 
Voiu I. 


amides The H of the NH group of the primary 
diazo amides appears to have wigbtly acid |)ro- 
perties, and by introduction of NOj groups into 
the nuclei the diazo amide becomes sufficiently 
acid to dissolve m aqueous alkahs and form 
tolerably stable salts X"(N02) Y(N02) 

(Meldola a Streatfeild, C J 1886, 624, 1887, 
102, 434) 

By the action of alkyl haloids upon the 
primary diazo amides dissolved in an alcoholic 
solution of (1 mol of) sodium ethylate secondary 
diazo amides are obtained (M a S , Friswell a 
Green, B 19, 2034 , C J 1886, 746) When the 
two aromatic nuclei are the same the secondary 
diazo amides obtained by alkylation are identic^ 
with those got by direct combination of the 
diazo compounds with secondary amines But 
according to Meldola and Streatfeild (G J 1887, 
434) the compound obtained by ethylating 
the unsymmetrical m nitro diazo benzene p 
nitranihde [3 1] C«H4(N02) N^H C^H.INOJ [1 4] 
(which 18 obtained either from m nitro diazo 
berKzene and p nitranihne, or from p nitro 
diazo benzene and vi mtraniline) is different 
from either of the two ethyl derivatives 
[3 1] C,H,(N02)N2NEtC,H,(N02) [14] and 

[4 1] C„H,(N02) N2 NEt CeH,(N02) [1 3], obtained 
by combining m andp nitro diazo benzene with 
ethyl p andw mtranilmes respectively The two 
latter ethyl derivatives are split up by acids into 
w nitro diazo benzene and ethyl p mtraniline, 
andp nitro diazo benzene and ethyl m mtraml 
me respectively , but the former ethyl derivative 
(obtained by ethylation) yields both diazo com- 
pounds and both ethyl mtramlmes in about 
equal amounts 

Constitution of diazo amides — Although a 
considerable amount of work has been done on 
this subject, the matter is still far from settled 
The formula X N - N Y is disproved by the 

NH 

resolution of the alkyl derivatives into diazo 
compound and alkylated amine, since the latter 
could not be obtained fr m a compound of that 
structure (Friswell a Green, G J 1886, 746, and 
B 19, 2034) The formula X N NHY does not 
N 

appear to have much probability, since one 
would expect a body of the constitution 
N NHCgHj to give on reduction NH, and 
N 

hydrazobenzene , these bodies, however, are not 
formed from diazo benzene anilide, even by 
adding sodium to its boiling alcoholic solution 
(F a G ) Neither the latter formula nor that 
usually assumed X N N NHY is capable of ex- 
plaining the existence of more than two isomerio 
alkyl derivatives 

For further references concerning the diazo- 
amides see Bayer a Jager, B 8, 148, 893, 
barauw, B 14, 2442 , 15, 42 , Nolting a Bau 
mann, B 18, 1147, Staedel a Bauer, B 19, 
1952, Wallach, A 235,233, Bernthsena Goske. 
B 20, 926 

Imides — Obtained by the action of NH, 
upon the per-bromides 

X N,Br, + NH, » X || + 8HBr (Gness, A. 
137, 65 , B 18, 963) They are also formed by 
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the decomposition of mtroso hydrazines 
N 

X = X N<^ II + H,0 (Fischei-, A 190, 

92, 96) They are usually yellowish oily liquids, 
insoluble in water, exploding when heated 
T^en heated with cone HCl they are converted 
into chloro amido compounds HX"N 5 + HC1== 
X"C1{NH ) + Ng Diazo benzene imide heated 
with Hg&O^ diluted with an equal volume of 
water is converted into f amido phenol 
C,H,N, + H 0 = C,H,(0H)NH, + N 2 (Griess, B 
19, 31d , Fischer, A 190, 67 , 232, 236 , 

Silberstem, J pr [2] 27, 116) Diazo benzoic 
acid reacts with phenyl hydiazme, forming the 
imides of diazo benzoic acid and of diazo ben 
zene together with amido benzoic acid and am 
XO, 

line, thus* 2C«HX 1 +2C,H,NHNHa- 
\N, 

C.H.(C0,H) N<^ + C A N<g + 


CaH*(NH2)C02H + CgHj NH 2 This equation is 
general (Griess, B 20, 1528) 

Diazo- compounds derived from 
o amido-azo compounds — Although the so 
called o amido azo compounds probably do not 
contain an NHj group, but are hydrazimido 

bodies or | >Y" 

X'— NHN / 


they are, nevertheless, slowly attacked by nitrous 
acii with production of diazo compounds The 
only member of this class of diazo compounds 
at present examined is that obtained bj diazo 
tising 0 amido azo toluene In some of its 
reactions it behaves like an ordinary diazo 
compound, m others quite ditferently On 
heating with water or alcohol it is decomposed 
with evolution of nitrogen By zinc dust and 
alcohol it IS converted into m p azotoluene and 
Nj It is not reduced by SnCl, or SOg to a 
hydrazine, but gives a stable compound CnH, 4 N 4 
which probably has the constitution 
N— NH 

C.H8(CH,)<^ j I This body is re 

^-N C«H4(CH3) 

converted by bromine into the per bromide of 
the original diazo compound The diazo imide 
loses nitrogen on heating, and fields tolyl- 


azinudo toluene 




identical with that obtained by oxidation of 
o amido azo toluene (tolyl hydrazimido toluene) 
Hence the constitution of this pecuhar diazo 
compound is probably 


.N— N OH 
cA(CH,)<;i I 

\N— N CaH4(CH,) 
son, B 19, 1462, 20,1176) 


(Zmeke a Law 


B Patty diazo- compounds 



As 


already stated, the fatty diazo- compounds con 
tarn a molecule of water less than the aromatic 
diazo hydrates Their discovery is quite recent, 
and 18 dne to Curtius At present only a few 
membertf’of the group are known, these are 
obtained by the action of NaNO, upon the 
hydrochlorides of amido fatty-ethers CO^B, 


and hence have the constitution X^'^NJCOsB 
They are unstable oily bodies, whicn exhibit 
the following reactions — 1 By boiling with 
water or dilute acids^ they are usually con- 
verted into oxy ethers, e g CH 3 ( 0 H)C 02 Et, 
with evolution of nitrogen, however, diazo- 
C(N2) CO^Et • 

succinic ether I by this treatment 

CH 2 CO^Et, 

gives fumano ether — 2 With alcohols they 
yield alkyl oxy ethers, e g CH 2 {OEt) CO^Et — 
3 With organic acids they yield alkoyl oxy 
ethers, e g CH 2 (OAc) CO^Et — 4 With aldehydes 
they yield alkoyl ethers, e g CH^Ac CO^Et — 6 
With zinc dust and acetic acid, they are reduced 
first to hydrazines, and then to the original 
amido ethers — 6 Iodine meiheTeaX solution con- 
verts them into di lodo ethers, e g CHI^ COaEt , 
bromine and chlorine act similarly — 7 By long 
boiling with aromatic hydrocarbons, mtrogen is 
evolved, and condensation products are formed — 
8 By treatment with cone halogen acids they 
yield haloid ethers, e g CH^Cl CO Et — 9 By 
treatment of the diazo ethers with NH, they are 
converted into the corresponding amides, eg 
CH(N 2 ) CO NH , whose reactions are similar to 
those of the ethers The free diazo acids, e g 
CH(N 2 ) CO^H, and their salts, have not yet been 
isolated, on account of their matabihty (Curtius, 
B 17, 953, B 18, 1283, Buchner a Curtiuo, 
B 18, 2371 , 19, 850 , Curtius a Koch, B 
18, 1293 , 19, 2460) A G G 


DESCRIPTION OP DIAZO COMPOUNDS 

A large number of diazo compounds are 
mentioned under the amido compounds from 
which they are formed 

Pseudo diazo acetamide Cj,H„N »03 Formed, 
together with diazoacetamide, by prolonged 
action of strong aqueous NHg in the cold upon 
the methyl ether of diazoacetic acid CHNj CO-,Me 
(Curtius, B 18, 1287) Fine crystalline yellow 
powder, consisting of microscopic quadratic 
plates SI sol cold water, dilute HCl, and 
acetic acid Insol alcohol, ether, and benzene 
Dibasic acid On warming with water it evolves 
nitrogen Aqueous alkalis evolve nitrogen and 
ammonia It gives a green colouration with 
Fehling’s solution , on boilmg a black pp is 
formed Silver and mercury salts are reduced 
on boihng 

Salts — A"(NH 4)2 small yellow tables, si 
sol cold water [c 165°] — A"Ag 2 l^aq yellow 
microcrystalline pp , v si sol water Ex- 
plodes on heating — A'Hg yellow pp — A'Uu* 
sparingly soluble reddish brown pp — A"Pb* 
yellow pp 

Diazo acetic acid CHN 2 ,C 03 H The free 
acid and its salts have not been isolated on 
account of their instability The alkahne salts 
are obtained in solution by treating the methyl 
ether with cold aqueous alkalis 

Methyl ether MeA' (129°) at 721 mm 
8 G ai 1 139 

Ethyl ether [-24°] (144°) at 721 

mm S G aa 1 073 Formed by the action of 
NaNOj on a concentrated solution of the hydro- 
chloride of amido acetic ether Yellow oil V sL 
sol water , miscible with alcohol, ether, benzene, 
and light petroleum Explodes when oorte. 
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H2SO4 li poured upon it Reachons — 1 Boil- 
ing wat&r gives glycoUio ether, nitrogen, and 
alcohol — 2 BoihngalcoholQiveB CB.^{0'Et) CO^t 
and nitrogen — 3 Benzoic acid gives nse to 
CH2 (OBz) COjEt —4 Beduces AgNO, m cold 
aqueous E|plution — 6 Keduces hot Fehhng^s 
solution — o Zinc dust and acetic acid form an 
unstable hydrazo derivative NHj NHCHj COjEt, 
which is further reduced to ammonia and 
NHj CH2 COjEt The hydrazo- derivative re 
duces cold Fehling’s solution — 7 Combines 
with aldehydes, thus Ph CHO + CHNj C02Et = 
Ph CO CH2 CO^Et + N2 — 8 Changes on stand- 
ing into ‘ azm succinic ’ ether, CsH^NjO^Et^ [245°] 

9 Boiling aniline produces NPhH CHg COjEt — 

10 Cone HCl gives CHjCl COgEt — 11 Hot cone 
KOH forms a crystalline pseudo diazo salt 
whence boiling dilute H^SO^ liberates hydrazine, 
N2H2 (Curtius, B 20, J?632) —12 Boiling aro 
inatic hydrocarbons produce condensation pro 
ducts , thus benzene gives CjH^CO^Et (Buchner 
a, Curtius, B 18, 2371) 

Iso amyl ether CgH^A' (160°) at 720mm 

Amide CHNoCONH, [114°], yellow tables 
or prisms , v sol cold water or alcohol Formed 
by the action of strong aqueous NH, upon the 
methyl ether The aqueous solution decom 
poses on boiling with evolution of nitrogen and 
formation of glycollamide By treatment in 
alcoholic solution with iodine it is converted into 
di lodo acetamide CHIj CONH2 with evolution 
of nitrogen It gives a blood red colouration 
with AgNOj, and in a few moments a reduction 
to metallic silver It also reduces Hg(NO,)2 
and Cu(OAc )2 With Fehlmg’s solution it pro- 
duces a red colouration, which becomes green on 
boiling (Curtius, B 17, 963 , 18, 1283). 

Diazo amido-benzoic acid 
(3) /CO O (1) 

CbH,(NH 3)<(^ I • Obtamed by adding 
\ N N (6) 


sodium nitrite to a solution of (6 3 1) p di 
amido benzoic acid containing barely sufhcient 
HCl to dissolve it Long slender needles, or 
four sided plates Yellow colour Bitter taste 
V sol hot water, si sol hot alcohol, insol 
ether Has no acid properties, but is a weak 
base When dry it explodes on heating It is 
decomposed by long boihng with water It com- 
bines with amines and phenols to form azo 
compounds 

Salts — BjHCl white six sided plates^ 
B4H2Cl2PtCl4 sparingly soluble small yellow 
tnmetric plates — B^AuClg HCl yellow insolu 
ble needles (Griess, B 17, 603) 

p Diazo aniline salts are formed by diazo- 
tising salts of p phenylene diamine (Griess, B 
17, 607) — C4H4(NH2)N2C1HC1AU2C14 is an m- 
soluble pp 

m Diazo-aniline imide C4H4(NH2) N<f (| 

m Amido-diazo benzene imide Yellowish oil 
Volatile with steam Easily soluble in alcohol 
and ether 

Preparation w Amido-phenyl-oxamio acid 
CaH4(NH2) NH C3O2 OHis diazotised and oonver 
ted into the tnbromide CaH4(N2Br,) NH CjOj OH 
By treatment with NB^ this yields the imide 
C4H4(N,) NH 0j02.0H, which on boiling with 
aqueous KOH splits off the oxalyl group with 


production of m diazo aniline imide On diazo-' 
tisation it gives a diazo compound which com- 
bines with phenols and amines to form azo- 
dyestuffs Decomposes explosively on heating 
Salts— B'HCl white soluble trimetno 
plates — B'„H3Cl2ptCl4 yellow needles (Griess, 
B 18,963) 

m Diazo aniline pipendide» 

Acetyl deriv ativ e 
C„H,(NHAc) N2 NC,H,„ [101°] From acetyl 
m tolylene diamme hydrochloride by diazotisa- 
tion and treatment with piperidine (Wallach, A 
235, 266) 

(o) Diazo anthraquinono nitrate 
0,411702 N NO3 Formed by passing nitrous acid 
gas mto a solution of (a) amido anthraqumona 
in dry ether (Bottger a Petersen, A 166, 150) 
Powder, m sol water, v sol alcohol, insol 
ether When heated with water it gives N3 and 
w-oxy anthraquinone 

Diazo-benzene References Griess, Tr 1864, 
111 667 , A 113, 201 , 137, 39 

Hydroxide Vh.i^ OH(‘?) On adding acetic 
acid to an aqueous solution of Ph Nj OK a thick 
yellow oil 13 ppd , this may be diazo-benzena 
hydroxide It is very unstable 

Salts — Ph N OK A crystalline substance 
obtained by adding excess of cone aqueous KOH 
to a saturated solution of diazo benzene nitrate^ 
and evaporating at 100° Detonates feebly at 
1 30° V sol water and alcohol, insol ether — 
Ph N2 OAg obtained as a greyish white pp on 
adding AgNO, to an aqueous solution of the 
preceding, explodes when heated — (Ph N2 0)2Hg 
white pp got by adding HgCl^ to the potassium 
salt (Griess, A 137, 67) 

Nitrate S G 1 37 HF 

-47,400 (Berthelot a Vieille, C R 92, 1074) 
Prepared by passing nitrous fumes at 0° into 
an aqueous solution of aniline mtrate contain- 
ing undissolved aniline nitrate in suspension , 
ppd by adding alcohol and ether Needles ^ 
V e sol water, m sol alcohol, insol ether and 
benzene Stable in dry air in the dark, but 
decomposed in moist air Explodes at 90° 
forming CO, CH4, N, HCN, CH4, and C Tho 
decomposition may be roughly represented thus 
C„H, N2 NO3 - SCO + 3C + 5H + 3N 

Reactions — 1 Banum carbonate added toi 
its aqueous solution produces Ph Nj CjH4 OH and 
C,8H,4N40 [131°] This ‘ benzene di azo-phenol * 
is perhaps CgHj Nj CeHj(OH) Nj O4H5 for it 
may be reduced by HI to di amido phenol 
(P F Frankland, C J 37, 761)* It is soluble m 
NaOHAq — 2 Aqueous NaOH, added ta neutral- 
isation, gives the ‘ benzene di azo phenol ’ and m 
brown substance, CgoH23N50, insoi NaOHAq -‘- 
3 Aqueous ammonia produces diazo benzene- 
anilide and two amorphotts brown substances, 
C,8H24N20 and C, HjjNjO The latter is very 
explosive and is decomposed by boiling HCl into 
phenol, aniline, and Nj — 4 Boiling dilute HNO, 
(1 mob) forms 0 and p nitro phenol (Nolting a 
Wild, B 18, 1338) — 6 Aqueous K4FeCy8 forma 
a compound CJ8H14N2, [160°] (Gness, B 9, 182), 

6 Potassic ferrioyanide^\GB{CfB.fiiif)^{HfFeOyf^^ 

7 Sodium mtrcpruss'ide gives the compound 
C4H4N2H2FeCy5(NO)aq (Gness, B 12, 2120) — 

8 Nitro-benzyl cyani^ and alcoholic KOH give 
a pp of 0,4H,8N403 [202°] (Perkm, 0 J 43, 111). 

Chloride*— Th N^ CU Formed m aolotioil 

p D 2 
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by diazotlsmg aniline hydrochloride Corribma- 
tions — (CgHj N, Cl) 2 SnOl 4 white plates, sol 

water, v si sol alcohol and ether (Gness B 18, 
965) — (PhN 2 Cl) 2 PtCl 4 yellow prisms, v si sol 
water, insol alcohol and ether — PhN^ClAuCl, 
golden plates, insol water, m sol warm alcohol 
Bromide — PhN^Br Formed by adding 
bromine to an ethereal solution of diazo benzene 
anilide, or by washing the perbromide for a long 
tune with ether Pearly plates, v e sol water, 
jnsol ether 

Ferbromide — PhNjBr, Formed by 
adding bromine dissolved in HClAq to an 
aqueous solution of a diazobenzene salt Large 
yellow plates, insol water and ether, m sol cold 
alcohol Gives bromo benzene when distilled 
with Na^COg or when heated with alcohol 

Sulphate — Ph Nj bO,H Ppd bj adding 
alcohol (3 vols ) and ether to a solution of 
diazobenzene nitrate mixed with an equivalent 
quantity of HgSO^, Pi isms, v e sol water, 

V si sol alcohol, insol ether Explodes at 100° 

Dicyamde or CaH,N 2 CN,HCN 

[69°] Formed by the action of a diazo benzene 
salt on a solution of ECN Eeadily decomposes 
(Gabriel, B 12, 1637) 

Pier ate — Ph Nn 0 C„H2(N02}3 Yellow 
needles, obtained by mixing solutions of diazo 
benzene nitrate and sodium picrate Very ex- 
plosive (Baeyer a Jager, B 8, 984) 

Sulphite — The potassium salt^ 

CgHj Nj SOjK, called sXm potassium diazobenzene 
aulphonate is ppd by adding KOH to a mixture 
of diazobenzene nitrate and K SOgAq (E Fischer, 
A 190, 73) It forms explosive yellow crystals 
Bromine in cone HBrAq pps diazobenzene 
perbromide Zinc dust and acetic acid reduce 
it to the corresponding hydrazo compound 
Nitrite — Converted by Cu 0 into nitro ben 
aene (bandmeyer, B 20, 1407) 

Benzene - sulphinate Ph N SOj 
(76°] From sodium benzene sulphinate and 
diazobenzene nitrate (Konigs, B 10, 1532) 
Oiange tables (from alcohol) , msol cold water, 

V sol alcohol and ether 

m Tetr azo benzene C 8 H 4 (N„ OH )2 [1 3] 
Formed by the action of a large excess of 
nitrous acid upon 7»-phenylene diamine in pre 
senoe of a large excess of HCl It combines 
with 2 mols of an amine or phenol 

Salts — C 8 H 4 (N 2 Cl) 2 PtCl 4 small yellow 
plates, nearly insoluble m cold water and 
alcohol , heated with dry NajCOj it yields di- 
chloro benzene — C 8 H 4 (N 2 Cl) 2 Au 2 Cl 8 pp of 
yellow microscopic needles, explosive (Griess, 
^ 19,317) 

p Tetr-azo-benzene CaH4(N2.0H)2 [1 4] 
Formed by the action of an excess of nitrons 
acid upon p phenylene diamine in presence of 
a large excess of acid — C 8 H 4 (NjCl) 2 ptCi 4 yellow 
crystalline explosive pp , by heating with dry 
NajCO, it yidda p-di chloro benzene (Gness, 
B. 19, 819) 

Biazo benzene m anudo benzole acid 
N 2 .NH O^H^COjH Formed by mixing eo- 
lations of diazo benzene nitrate and m amido- 
benzoio acid (Gness, A 137, 62) Small yellow 
plates (from ether) SI sol alcohol, v e sol 
ether --C^Hi.N.O^H^PtCL 

Ethyl ether —Eik' yellow crystals, t e 
wl. alQonol and 


The above diazo benzene amido benzoic acid 
OgHj Nj NH CO,H is identical with diazo 
benzoic acid anihde, C„Hj NH Ng COjH 
(Griess, B 7, 1619, cf Meldola, C J 51, 
435) 

Diazo-benzene-anilide Ph Nj NH ^i Diazo^ 
amidobenzene Mol w 197 [9b°] 

Formation — By passing nitrous acid gas 
into an alcohohe solution of aniline (Gness, A 
121, 258) 

Preparation — A solution of 18 pts of sodium 
nitnte is added to a solution 60 pts aniline, 
15 pts cone H 2 SO 4 in about 1,500 pts of water, 
the temperature of the mixture is kept for 15 
mins between 25° and 30°, the pp then filtered 
off, washed, and dried , the yield is 98 p 0 of 
the theoretical (Staedel a Bauer, B 19, 1952) 
Properties — Golden plates (from alcohol), or 
large flat prisms (frofa benzene) Explodes 
between 150° and 200° Insol water, and dilute 
acids, m sol cold alcohol, v sol hot alcohol, v 
sol ether and benzene 

Reactions — 1 Hot cone HClAq splits it up 
into phenol, nitrogen, and aniline , cold HClAq 
gives aniline and diazobenzene chloride, which, 
if an excess (more than 1 mol ) of HCl is not 
present, recombine forming benzene azo aniline 
(g V ) Unstable chlorides such as aniline 
hydrochloride or ZnClj also effect the conveir 
Sion into benzene azo aniline — 2 Bromine in 
HBrAq gives diazobenzene bromide and tnbromo- 
aniline — 3 The hydrogen atom of the NH group 
can be readily replaced by alljl radicles by 
treatment with alcoholic haloids, and sodium 
ethylate The alkylated diazobenzene-anilides 
thus obtained are split up by acids into diazo- 
benzene and the conesponding mono alkyl am 
line A proof is thus afforded of the unsym- 
metrical structure of the anilide, and since the 
only other possible formula CgH^ NH CgH^ is 

N 

excluded by the fact that the body is not reduced 
by alkaline reducing agents to hydrazobenzene 
and NHj, the formula Ph Nj NHPh is probably 
correct (Fnswell a Green, C J 49, 746 , B 
19, 2034) — 4 Phenol at 100° gives benzene p- 
azo phenol Besorcin and the naphthols act 
similarly (Heumann a Oeconomides, B 20, 
372) 

Salts — Ph Nj NAgPh orange needles — 

(Ph Nj NHPhHCl) 2 PtCl 4 unstable crystals 
D% aulphonamide 

C8H4(S02NH2) Nj NH C 8 H 4 SOjNHj, [183°] 
Yellow needles From C 8 H 4 (SOoNH 2 )NH 2 , HNO, 
and nitrous acid gas (Hybbeneth, A 221, 20b) 
Cone HCl converts it into C 8 H 4 CI SOjNHj, 
C 8 H 4 (NH 2 )S 02 NH 2 and N^, 

Biazo-benzene-azo-benzene p salphonic acid 
C 8 H 4 ( 80 ,) — Nj — C 8 H 4 — Nj. Small yellow needles. 

Nearly insoluble in most solvents Formed by 
long action of nitrous acid on amido benzene 
azo benzene sulphonio acid Boiled with water 
it gives oxy benzene azo benzene sulphonio acid, 
with alcohol it gives benzene azo benzene-sul* 
phonic acid (Griess, B 15, 2186) 
Diazo-benzene-benzyl-anilide 
NaN( 0 ,H 2 )C 8 H 4 Benzyl dtaso • am/ido^ 
benaene [81°] Yellow needles V sol aoetonoy 
m sol alcohol, msol water 

BrepaiaHon—dO of sodium Are dissolyed 
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4n 800 c c of alcohol, a hot solution of 200 g of 
diazo benzene anilide in 500 o o of absol alcohol 
added, and the mixture heated with 140 g of 
benzyl chloride for 1 or 2 hours , the product is 
precipitated by water and recrystallised from 
alcohol , yield, 200 g 

Reactwm — On heating it decomposes ex- 
plosively By excess of HCl it is resolved into 
diazobenzene and benzyl aniline (Fnswell a 
Green, B 19, 2036) 

Biazo-benzene-broxuo-anilide v Diazo beomo 

BENZENE ANILIDE 

Diazo benzene-p -chloro anilide Formed 
from p chloro diazo benzene and aniline By 
warming with phenol it gives oxy azo benzene 
and p chloranilme (Heumann a Oeconomides, 
B 20, 908) 

Biazo - benzene - ethylamide Ph N, NHEt 
From diazo benzene nitrate and ethylamine 
Picrate CgHi.N.C.H (NO^l^OH 

Biazo benzene ethyl hydrazidePh Nj N^H^Et 
From diazo benzene nitiate and ethyl hydrazine 
(E Fischer, A 190, 806) Very unstable oil 
Beduced in alcoholic solution by zinc dust and 
acetic acid to ethyl hydrazine and phenyl- 
hydrazine 

Diazo benzene imide Tri azo hen- 

gene 

Forinatwn — 1 Diazobenzene perbromide is 
tfeated with aqueous NH, and the product 
distilled with steam, dried over CaClj, and 
rectified under diminished pressure (Griess, Tr 
1864, 111 700) — 2 By warming nitroso phenyl 
hydrazine with dilute KOH (Fischer, A 190, 92) — 
S By adding NajCO, to a mixture of diazo 
benzene sulphate and hydroxylamine 

B7operties — A heavy oil, insol water, m 
sol alcohol and ether Detonates when distilled 
under atmospheric pressure Not attacked by 
KOH 

Reactions — 1 Keduced in alcoholic solution 
by Zn and H^SO^ to aniline and NHg — 2 By 
heating with strong HCl it is converted into a 
mixture of o and p chloro aniline 

CflH. N- + 2HC1 = C«H. NH, + CL + N„ - 
C«H,C1 NH2 + HCU-N2 

3 By heating with H^S04 diluted with an equal 
volume of water it is converted into p amido- 
phenol CJi, N, + H^O = C^H^ NH, + O + N , - 
C,H4(0H)NH2 + N2 (Griess, B 19, 313) 

Diazo -benzene dimethylamide PhN2NMe2 
From diazobenzene nitrate and aqueous di 
methylamme (Baeyer a Jager, B 8, 893) 
lellowish oil, explodes when large quantities 
are heated , volatile with steam , msol water 
and alkalis, v e sol alcohol, ether, and acids 
Decomposed by acids into diazobenzene salts 
and dimethylamme Aniline hydrochloride 
forms diazo-benzene anilide and NMejH hydro 
chloride Picrate Ph N, NMe3CeH2(N02),(OH) 
yellow needles 

Diazo-benzene-methyl-anihde 
CjHj Nj NMeCflHj Methyl diazo amido benzene 
Heavy deep-yellow oil Not volatile with steam 
Miscible wnth alcohol, msol water 

Preparation — 30 g of sodium are dissolved 
in 300 c c of absolute alcohol and mixed with 
a hot solution of 200 g diazobenzene anihde in 
600 0 c of absolute alcohol , when nearly cold 
170 ^ of methyl iodide are added , a vigorous 
reaopon soon sets m and is completed by 1 or 2 


hours’ cohobation, half the alcohol is theta 
distilled off and the residue precipitated by 
water, the oil separated and dried over CaCl, » 
the yield is 200 grms 

Reactions —On heating it decomposes ex- 
plosively By excess of HCl it is resolved into 
diazobenzene chloride and methylaniline 
(Fnswell a Green, C J 49, 748 , JB 19, 2035) 

Diazo-benzene phosphonio acid nitrate (?) 
NOj N2 CgH, P0(0H)2 3aq [188°] S 68 at 18° , 
59 at 80° Formed by passing nitrous acid gas 
into a boiling solution of amido benzene phos- 
phonic acid in HNO,Aq (Michaelis a Benzinger, 
A 188, 288) Long white prisms (from HNO^Aq) 
Explodes above 190° V sol alcohol, si sol 
ether Not affected by boihng water, even m 
presence of H2SO4, shghtly decomposed by 
boihng NaOHAq 

Salts — NejA" 2aq — aq — BaA" 3aq — 
Ag A" - PbA" 

Diazo benzene pipendide PhNjNCjH,, [43°] 
(Baeyer a Jager, B 8, 893 , Wallach, A 235, 
241) 

Preparation — Aniline (lOOg ) is dissolved m 
aqueous HCl (210 0 0 ) and the solution at 0° is 
diazotised with NaNOj (74 g ) and then poured 
into a dilute aqueous solution of piperidine 
(100 g ) containing KOH (60 g ) cooled with ice 

Properties — Crystals (from ether or petro- 
leum ether) 

Reactions — 1 HCl passed into an ethereal 
solution gives diazobenzene chloride and pipen 
dine hydrochloride Aqueous HCl acts simi 
larly — 2 Warm HCl forms N,, chlorobenzene 
and piperidine hydrochloride , phenol is a by 
product HBr and HI act similarly — 3 Hot 
dilute H2SO4 forms phenol — 4 An ethereal 
solution of picric acid gives diazo benzene 
picrate 

o Diazo benzene sulphonic acid 
CoH4<^^®^Yellowish tables, obtamed by pass 

iNj 

mg nitrous acid gas into w ater containing o-amido- 
benzene sulphonic acid in suspension (Berndson 
a Limpricht, A 177, 101) 

m Diazo benzene snlpbonio acid 

CaH4<^^*^ Prepared by passing nitrous acid 

gas into a concentrated solution of m amido- 
benzene sulphonic acid, containing the free acid 
in suspension (Meyer a Stuber, A 165, 165 , 
Bemdsen, A 177, 88) Small columns (from 
water) Very explosive when dry V sol water 
and decomposed by it at 60° Boihng HBr gives 
m bromo benzene sulphomc acid Boihng alco- 
hol has no action 

m diazo benzene sulphamide nitrate 
NO, Nj C,H4 SO2 NH2 From C,H4(NH2)SO,NH, 
by mixing with HNO, and passing m mtrous 
acid gas (Hybbeneth, A 221, 205) Mmute 
orange needles 

p Diazo-benzene snlphonio acid 

RO N. 

Formed by diazotising p amido- 

benzene sulphonic acid (Schmitt, A 120, 144 , 
Fischer, A 190, 76) Small needles (from water). 
Insol cold water, v sol water at 60° Boihng 
water forms phenol p sulphonic acid An alka- 
line solution gives a red colour with aldehydes 
(Petri, M 8, 201 , Zahn, B 17, Bef 290), but 
this IS not a characteristic test for al^dehyd^Sfaa 
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it is given also by many other bodies (E Fi8oher» 
e 16, 667 , O Loew, J pr [2] 81, 136) 

Reactions —1 Boiling alcohol forms ben- 
Bene sulphonic acid — 2 PClj at 100° has no 
action (Laar, J pr [2] 20, 2G3) 

Ethyl mercaptide CaH4(S08H) SEt 
Formed by combining p diazo benzene sulphonic 
acid with an alkaline solution of ethyl mercaptan 
The sodium salt (A'Na) forms yellow glistening 
needles, V sol water It is very unstable, readily 
decomposing with evolution of nitrogen When 
boiled with alcohol it yields ethyl phenyl sul 
phide p sulphonic acid CgHj S GaH4(S08H) 
(Stadler, B 17, 2076) 

Methyl anilide CyH4(S08H) N^NMeC^Hj 
Formed by combination of p diazo benzene 
Bulphomo acid -with mono methyl aniline in 
nearly neutral solution The sodium salt (NaA') 
forms large colourless plates, v sol water, from 
which it IS precipitated in white felted needles 
by alkali , nearly insol alcohol Not affected 
by boiling with dilute caustic soda Acids 
lesolve it into its constituents p diazo benzene 
sulphonic acid and methyl aniline, which when 
the acid is dilute recombine to form methvl 
amido benzene azo benzene sulphonic acid 
C,H4(S03 H) Nj NHMe (Bernthsen a Goske, 
B 20, 926) 

Pxperidide C,H4(S08H) N, NC,H,„ (Wal 
lach, A 235, 270) From sulphanilic acid by 
diazotisation and treatment with piperidine (1 
mol) and aqueous NaOH (1 mol) Salt — 
NaA' satmy plates — AgA' Stable in neutral or 
alkaline solutions 

Imide C,H,(S03H) N<^ [1 4] 

Tnazobenzene p sulphonic acid Formed by 
the action of phenyl hydrazine upon diazoben 
zene p sulphonic acid suspended m cold water, 
diazobenzene imide, sulphanilic acid, and ani- 
line, are formed simultaneously 


2C.H., 




+ 2C.H.NHNH,> 


C.H,(N,)SO,H + C.H,N, + C.H,(NH,)SO.H + 
OaHjNHj White deliquescent needles V s 
sol alcohol and water Salts — BaA'^2aq 
white SIX sided plates, m sol hot water 
Phenyl hydrazine salt CgH^NoH^A'aq long 
white glistening plates, m sol hot water and 
alcohol, less in the cold, nearly insol ether and 
chloroform , decomposed by alkalis, but not by 
HCl even when boihng (Griess, B 20, 1628) 
Diazo-benzene disulphonic acid 

CjH 3(S03H)<^^*\ The salts are formed by 

passing nitrous acid gas at 0° into a solution of 
the acid salts of [13 4?] The 

free acid is unstable (Zander, A 198, 24) — 
— BaA'^2aq 

Diazo-benzeno disulphonic acid 
CjHj(SO*H)(SO,N 2)" Formed by diazotising 
C«H,(NH2)(S03Hl2 [1 3 6] Slender needles , v 
Bol water and alcohoL Pecomposed by NaOH 
or BaOO,. The salts are formed by diazotising 
ealts of the amido benzene disulphomc acid 
^einzelmaan, A 188, 174 , 190, 223) — £AV — 
BaA'a 3aq — PbA'a 8aq 

Biazo-beABeiie disulphomc acid 
€8H,(S0,H)(S0,N,)" Formed by diazotising 
C,H,(NH^(SO,H), [1 2 4]. 


Salts — NH4A' - KA' — CaA'2 2aq — 
BaA'2 2aq — PbA'2 3aq (Hemzelmann a Zander, 
A 198, 6) 

Biazo-benzeue jp-toluide is identical with 
diazo toluene anihde (q v ) 
o Diazo benzoic acid 

Nitrate NO3 Nj COjH Byrdiazotisa 
tion of 0 amido benzoic acid suspended in dilute 
HNO3 (Griess, B 9, 1653) Colourless tables or 
prisms V e sol water, m sol alcohol Explodes 
when heated Boiling water converts it into 
sahcjlic acid Kepeated solution in water and 
ppn with alcohol converts it into the so called 
semi-mtrate 

.N-N\ 

(CO^HCgHg^ I i >C3H3C0JI)HN03(?) This 
\N— 

substance is also foimed by passing nitrous acid 
gas into an alcoholic solution of 0 amido benzoic 
acid (Griess, ^ 117, 39 Hand, A 234,146) 

P erhromide C^H^NjO^Br, 

Imide Ng CO^H Triazo benzoic acid 
[145°] From the perbromide and ammonia 
(Griess, Z [2] 3, 165) Long needles M sol 
boihng water 

m Diazo-benzoic acid 

Sulphate SO^H CO H Formed 

by passing nitrous acid gas into a thin paste of 
the sulphate of m amido benzoic acid , ppd by 
alcohol and ether Long white laminse, v 6 
sol water, detonates when heated Tieatment 
with dilute alcohol gives rises to a ‘basic 
sulphate ’ SO^ (?), or more pro 

bably {N,(CgH3CO,H),|H SO, 

Nitrate NO3 Nj (Griess, A 

120, 12()) Its aqueous solution left in contact 
with BaCOg forms carboxy benzbne azo oxy 
benzoic aeid With aqueous Na^COg it forms an 
acid C^jHnN^O^ 

Hydroxide HO N^ CgH, CO^H Unstable 
yellow oil 

Chloride ClNj C^H, CO H Combina- 
twns — (CIN CgH, COjH) PtCl^ yellow prisms — 
(CIN CgH, CO^HjAuClj This salt suspended in 
alcohol and treated with HoS gives benzoic acid, 
chloro benzoic acid, and sulphydro benzoic acid, 
HS CgH, CO2H (Griess, J pr [2] 1, 102) 

Perbromide BraNg-C^H^ CO^H Oily pp 
Converted by boiling alcohol into m bronio 
benzoic acid (Griess, A 135, 121 , Cunze a. 
Hubner, A 135, 106) 

Ethyl ether ^ nitrate NO3 N^ CgH, CO^Et 
Formed by diazotising tn amido benzoic ether 
dissolved in nitric acid (Griess, A 120, 127) — 
Aurochloride (Cl N2 CgH^ C02Et)AuClj 
golden prisms (from alcohol) 

Amide, nitrate NO3 Ng CgH, CONHj. 
Formed by the action of nitrous acid gas on a 
solution of m amido benzamide in alcohol mixed 
with ether (Griess, A 120, 127) Needles 
Platinochloride (Cl N^ C^H, CONH2)2PtCi4 
Imide N, CgH^COjH Triazohenzoic acid 
[160°] From the perbromide and NH, (Griess, 
Z 1867, 164) Thin laminfe V sol alcohol 
and etlier, m sol boihng water By heating 
with HCl it IS converted mto two isomeno 
ohioro amido-benzoio acids, (4, 3, 1) and (2, 3, 1) 
N, C.H4 CO;Hi-2HC1» 

H2NC3H4 Ca2H + Cl2+N2- 
HjN 0,H,C1 COjH + HCl + N, 

(Qness, B 19, 316) Salt.— N, O.H, 00,A«- 
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Antlide v Duzo benzene amtdo benzoic 

iClD 

Bromo-amlide v Diazo bromobenzene amido 
benzoic acid 

Nitrile Nitrate NOaNjO^H^CN From 
m amido benzonitrile (Griess, B 2, 370) 
Explosive^ crystals , m sol cold wnter — 
Perbromide BrgNa OgH^ ON Crystals — 
(mide N, C,H^ON [57°J Needles, v si sol 
water 

P Diazo-benzoio acid 

Nitrate NOaNjOgH^COH Explosive 
white prisms (Griess, J 1864, 353) 

Amide Nitrate NO, Nj Ct,H4 CONHj 
(Griess, Z 1866, 1) 

Imide Ng CgH^ CO^H Triazohenzoic acid 
[185°] Thm lamince (Griess, Z 1867, 164) 
m Diazo-benzoic-m-amido benzoic acid 
[S 1] CO,H CgH, N, NH CgH, CO H [1 3] 
Formed by passmg nitrous acid gas into an 
alcoholic solution of m amido benzoic acid, or 
by mixing aqueous solutions of m amido benzoic 
acid and the nitrate of m diazo benzoic acid 
(Griess, A 117, 2, Z 1861, 353) Orange 
grains Explodes at 180° V si sol water, 
alcohol, and ether Sol alkalis and reppd by 
acids Boiling HCl forms m amido benzoic acid 
and m ohloro benzoic acid Bromine water 
gives bromo , and tn bromo , benzoic acid 
lulling water and iodine form lodo oxy benzoic 
acid Nitrous acid passed into a boiling aqueous 
solution forms nitro oxy benzoic acid , nitrous 
acid passed mto a boiling alcoholic solution 
forms benzoic acid Fuming HNO, gives tn 
nitro oxy benzoic acid 

Halts — (NHJoA" — K A" -Ag.A" 

Methyl ether [160°] Yellowneedles 

Ethyl ether [144°] Golden needles 

2>l)iazo-benzoic-^ amido benzoio acid 
[4 1] CO,H CgH, N^ NH CgH, CO,H [1 4] Orange 
powder, v si sol boihng alcohol Formed by 
passmg nitrous acid gas into an alcohohc solu- 
tion of p amido benzoio acid (Beilstem a Wil- 
brand, A 128, 269) 

m-Diazo-benzoic-p amido benzoio acid 
[3 1] CO^ CgH, Nj NH CgH, COgH [1 4] From 
the nitrate of m diazo benzoic acid and p amido 
benzoio acid (Griess, J 1864, 353) An isomeric 
(?) acid IS got from the nitrate of p diazo 
benzoic acid and m amido benzoio acid 
m Diazo bromo-benzene 
Perbromide CgH^Br N^Br, (Wurster, A 
176, 173) 

p Diazo-bromo benzene 
Nitrate 08H4BrN2N0g Formed by pass 
Ing nitrous acid gas into an aqueous solution of 
jp bromo aniline nitrate (Griess, Tr 1864, m 
695) Ppd by alcohol and ether 

Hydroxide CgH^BrNjOH bright yellow 
needles Very explosive — CgH^Br Nj OK From the 
nitrate and strong KOH , gives the preceding body 
when treated with acetic acid — CgH^Br NgOAg 
jB r o tn t d e CgH^Br NgBr scales, v sol water, 
DLSol alcohol, msol ether — (C^H^Br N2Br)2ptBr4 
Perbromide OgHgBrNjBrj monoolinio 
pnsms (from alcohol), v si sol ether, insol 
water 

C^Zorids C^H^BrN, Cl from the bromide 
and moist silver chlonde. — (CgH^Br N^Cl)AuCl, — 
(C^4BrN^)jPtCl4 

Sulphate N^ SO4H slender prisms 


Imide CgEyBrNg. Triaeo hromo-henzene 
[20°] Insol water, m sol alcohol, v sol ether 
and benzene Beduced by Zn and H2SO4 to 
bromo aniline and NH, 

Cyanide CgH^Br N, ONHCN [128°] From 
p diazo bromo benzene mtrate and aqueous KCN 
(Gabriel, J5 12,1638) 

Anilide CgH^Br Ng NH C4H5 or, altema 
tively CgHg N, NH CgH^Br Formed either from 
diazo benzene nitrate and p bromo anihne or 
from p diazo bromo benzene mtrate and aniline 
(Griess, B 7, 1618) Yellow plates , v e sol 
ether, m sol alcohol — (C,2H,oBrN,HCl)2PtCl4 
p Bromo anilide CgH^Br Ng NH CgH^Br 
[145°] Obtained from p - bromo - aniline — 
(C,gHgBrgN,)gHgPtCl, 

Diazo di-bromo benzene 
Nitrate CgHgBrg Ng NO, [2 4 1] Obtained 
by passing nitrous acid into an aqueous solution 
of the nitrate of di bromo aniline (Griess, Tr 
1864, 111 704) Needles or plates 

P latino chloride (OgHgBrg N2Cl)2PtCl4 
orange plates 

PerhromideG^^r^ NgBr, slender needles 
Jmtd e CgHjBrg Ng [62°] needles 
Di bromo-anilide 

CgHgBrg Ng NHCgHgBrg [168°] From (2, 4, 1)- 
di bromo aniline Golden needles, y. si sol 
alcohol and ether 

Diazo-tn bromo benzene 
Nitrate CgHgEr, Ng NOg [2 4 6 1] Formed 
when a rapid current of nitrous acid gas is passed 
into alcohol containing tn bromo aniline m bus 
pension together with excess of HNO, As 
soon as everything is dissolved, ether is added 
and a bright yellow crystalline pp of the diazo 
nitrate is formed (H Silberstein, J pr [2] 27, 
102 ) 

Properties — Yellow trimetnc plates Explodes 
at 86° Sol water and HCh V si sol alcohol, 
ether, and benzene 

Reactions — 1 Boiled with alcohol it gives 
tn bromo benzene, Ng, HNO, and aldehyde. — 
2 Boiled with water, gives oS no nitrogen but 
forms undetermined compounds — 3 Heated 
with glacial acetic acid gives off Ng and mtrous 
fumes and leaves tn bromo benzene — 4 Heated 
with benzene (4 pts ) it decomposes at 46° forming 
a diazo di bromo phenol {q v ), tetra bromo- 
benzene [98°], and nitrobenzene — 6 Heated with 
CHCl, it gives diazo di bromo phenol and tetra- 
bromo benzene — 6 Heated with concentrated 
HCl it forms crystals of the perbromide of diazo- 
tn bromo benzene chloride, CeHgBr,NaClBr,. 
Probably chlorine, liberated in this reaction, 
turns out bromine from some of the tn bromo- 
compound, which bromine then unites with 
the diazo chlonde The perbromide explodes 
at 100°, forming chloro tn bromo benzene — 

7 With HBr it gives the bromide {q v) — 

8 With HI it gives tn bromo lodo benzene 
Sulphate CgHgBrjNg SO4H 

Properties — Colourless pnsms SoL water, 
si sol alcohol, insol ether and benzene 

Reactions — 1 Decomposed by aZco/ioZ into tn- 
bromo benzene, H,S04 and Ng— 2 Boiled with 
acidulated water it forms no tn bromo phenol. — 
8 Heated with glacial acetic cund it forms tn- 
bromo benzene 1 — 4 Not affected by boiling 6en* 
eene 

Bromide CgEgBr^NiBr Small golden tn- 
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metno tablets, got by adding dilute HBr to a 
solution of the nitrate Decomposed by sun 
light into Nj and CgH Br4 SI soL water, msol 
alcohol and ether Heated with glacial acetic 
acid it gives unsymmetncal CgHjBr^ 

Perbromide CgHjBrjNgBrj Formed by 
adding cone HBr to a solution of the nitrate, 
C,H2Br8N2NO, , the hquid is filtered from 
CsHaBrgNaBr and evaporated to crystallisation 
It forms orange prisms and behaves very much 
like CgH^BraNjClBrj (? v) 

Chloro perbromide C(,H BrgNsCl Br^ 
From tri bromo diazo benzene nitrate {q v ) and 
HCl It explodes at 100*^ forming chloro tri 
bromo benzene Reactions — 1 With NHg gives 
tn bromo diazo benzene imide {q v ) — 2 With 
alcoholic dimethylaniline forms tn bromo ben 
zene azo dimethylaniline C^HjErj Nj CgH^NMe^ 
8 With alcoholic methyl di phenylamme it 
forms tn bromo benzene azo methyl di phenjl 
amine CgHjBrgNj CjH^NMePh — i Withmercuric 
diphenyl it forms chloro tn bromo benzene and 
nitrogen (Silberstein, J pr [2] 27, 117) 

Jmide CaHjBrj Nj [59°] Formed by adding 
dilute ammonia to CallBr^N^ClBr Colour- 
less needles May be distilled with steam 
Insol water, sol warm alcohol, ether, and CHCl, 
Unlike diazo benzene imide, it is not reduced by 
Zn and H^SO^ to NH,, and tn bromo aniline 
(Silberstein, J pr [2] 27, 116) 

Anihde CgH.BrgN^NHPh [104°] From 
alcoholic aniline (2 mols ) and C HBrjN^NOj 

! 1 mol ) The pp is crystallised from alcohol 
Silberstein, J pr [2] 27, 121) Yellow, glitter 
mg, triclimc prisms Insol water, sol hot alco 
hoi, ether, and benzene Boiled with glacial acetic 
acid it gives nitrogen and tn bromo aniline 
Tn bromo anilide 

CgHgBr, Nj NH C^H^r, Obtained by passing 
N,Og slowly into a cold alcoholic solution of tn 
bromamline Some C^HBrjN^NOj is formed at 
the same time The product is washed with 
water and hot alcohol and crystallised fiora 
benzene The yield is bad (Silberstein, J pr 
[21 27, 120) Insol water and alcohol, v si sol 
ether V sol CHCl, and benzene Not attacked 
by cold acids, but decomposed by boiling with 
acids with evolution of Nj 

Diazo p bromo-benzene-amido-benzoio acid 
CgH^Br Ng NH C^H^ COjH Diazo benzoic acid 
p bromo anilide From p diazo bromo benzene 
nitrate and m amido benzoic acid (Griess, J 
1866, 453) Clusters of needles 

Diazo-bromo-benzene sulphonio acid 

1 J -From the corresponding 

bromo amido sulphonio acid (Borns, A 187, 
371) Small yellow needles, v sol water, m 
boL alcohol , explodes when struck or when 
heated Heated with alcohol, it gives m bromo 
benzene Bulphonic acid Cone HBr gives 
C^,Brj(SO,H) [4 1 2J 

Biazo-bromo-benzene disulpboxiic acid 
CABr(SO,H)<S°*> 

Prom C,H,(NHj)(SO,H) 2 Br [1 4 6 2] Minute 
plates , T sol water and alcohol Does not 
explode when struck (Zander, A 198, 15) — 


Diazo di bromo-benzene zulphonio acid 

From 0*(NHJBr,(SO.H) 

[1 2 6 4] Yellowish scales , explodes above 
100° V si sol cold water, v sol hot water 
Boiling water gives di bromo phenol sulphonio 
acid Heated with alcohol it gives ^i bromo- 
benzene sulphonio acid 

Diazo -di- bromo-benzene snlphonic-acid di* 
bromo sulphanilide 

C«H Br (SO^H) N NH C,H3r2(S03H) 
[70°-80°] From C«HBr.(NH,)SO,H [2 4 15] 
by warming with alcohol and KNO,. NeedlfS 
(from water) Insol alcohol (Baessmann, A 
191, 229) 

Diazo di bromo benzene disulphonio acid 

C„HBr2(S03H)<^^> From the nitro ben 

zene disulphonic acid ^13 5]? whose chloiide 
melts at 96°, by reduction, bromination, and 
diazotisation (Hemzelmann, A 188, 183) 

Diazo-tn-bromo-benzene sulphonio acid 

SO 

C^HBr3<[^ From tn bromo aniline, 

CyH^(NH )Br3 [1 3 4 6] by sulphonation and 
diazotisation (Spiegelberg, A 197, 291) Minute 
needles 

Diazo tetra bromo benzene p sulphonio acid 
CttBrj<^^*^ Crystalline powder not deconf 

posed by boiling alcohol (Beckurts, A 131, 225) 
Diazo bromo nitro toluene sulphonio acid 

C8HMeBr(N02)<[^^* ^ Formed by projecting 

m bromo p amido toluene o sulphonic acid into 
fuming HNOg (Weekwarth, A 172, 203) 

Diazo di bromo nitro-toluene sulphomc acid 

CaBr2Me(NOJ<^g^^^ Formed by projecting 

I di bromo o amido toluene p sulphonio acid into 
fuming HNO, (Hayduck, A 174, 355) 

Diazo di brumo phenol 

C.H,Br,<g^ [ON, -12] 

Preparation — Bromine water is added to 
an aqueous solution of o diazo phenol chloride 
and the pp is dissolved m fuming HCl, filtered 
through asbestos and ppd by water 

Properties — Orange crystalline powder, much 
less stable than the p compound When heated 
it explodes at 128° It is more soluble in cold 
water than the p compound, on Nvarmmg the 
solution a resin is formed The solution gives 
an amorphous grey pp with silver nitrate It 
is almost msoluble in alcohol, ether and CS , 
but readily dissolves in CHCI3, hot benzene, and 
benzoline It does not reduce Fehlmg’s solu- 
tion, nor form a crystalline body with NaHbOj 
C8H2Br2(OH)N2Brl^aq decomposed by water 
Ethyl etherj nitrate of 
C8H2Br2(OEt) NjNO, Got by passing N2O3 into 
alcohol contammg HNOj and di bromo-o amido 
phenetol in suspension, and pouring it into dry 
ether at 0° Properties — Pnsms Explodes at 
102° If its alcoholic solution be diluted 
with water (10 vols ) and boiled as long as N, 
escapes, it is converted into di bromo phenetol, 
bromine being replaced by hydrogen, not by 
hvdroxyl (MOhlau a. Oehmichen, J pr [2J 21, 
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Bi&to di-broxno phenol 
C.H^,<0>. [ON,- 14] 

Formation — 1 Obtained by adding bro- 
mine water to an aqueous solution of any salt 
of jp - diazo phenol OaH4(OH)N2Cl + 2Brj=s 

CaH2Br2<^^ + HOI + 2HBr — 2 From HBr and 

diazophenol nitrate (g v ) 

Properties — A flocoulent yellow pp re- 
sembling sulphide of arsenic Dissolves m 
boiling water, without decomposition, and 
orystalhses in yellow prisms as the solution 
cools Almost insoluble in cold water, ether, 
and CSj, somewhat more soluble m CHGI3 
Soluble in alcohol and m amyl alcohol May 
be kept for months in closed bottles m the dark, 
but, when exposed to air and light, it soon turns 
brown Heated to 137°. it explodes 

Salts — Unstable, decomposed by water 
and by alcohol CaHBr2{OH)N2Br,aq — 
{08H2Br2(0H)N2Brj2PtCl4 tnclmio plates, 
decomposed by water — C^H2Br2(0H)NjS04H 
(Bdhmer, J pr 132, 458) 

Reactions — 1 Boiled with water of which 
the boiling point, by addition of calcic chloride, 
has been raised to 120°, it gives off nitrogen 
and forms di bromo hydroqmnone 

. + H,0 - + N, 

(Bohmer, J pr 132, 464) — 2 Dissolves in a 
hot solution of NaHSOg , and as the solution 
cools, yellow needles of CeH2Bri(OH)N2S03Na2aq 
are formed These crystals dissolve in ether, 
benzene and CSj, do not explode when heated, I 
show Liebermann’s reaction, do not reduce 
Fehling’s solution , and give with BaClj golden 
scales of |C«H2Br2(0H)N2S03{2Ba5aq — 3 Be- 
duced by Sn and HCl to di bromo p amido 
phenol 

Diazo di - bromo phenol (?) Identical with 
the preceding diazo di bromo phenol ]ust de 
scribed may be converted into this isomeride 
by first reducing it to dibromo p amido phenol 
hydrochloride and again diazotismg 

Properties — Explodes at 145°, has a greyish 
yellow colour, is insoluble in water Crystallises 
from alcohol in much thinner needles than the 
preceding With NaHSOg it forms small plates, 
whereas the sulphonate of its parent isomeride 
crystallises in needles (Bdhmer, J pr 132, 471) 
Diazo di bromo phenol 

C,H2Br2<Q2> [BrBrNO = 1 6 6 3] Formed 

by heatmg tn bromo diazo benzene nitrate with 
benzene at 45° (Silberstem, J pr [2] 27, 107) 
Properties — Obhque prisms, from water 
Crystalhses from alcohol Explodes at 142° 
Soluble m hot alcohol Nearly insoluble m 
chloroform and ether 

Salts — These are very unstable , they are 
formed by warmmg with rather strong solutions 
of acids, but are saponified by water 

Reactions — 1 Not attacked by boiling water 
2 Heated with strong HBr forms tn bromo- 
phenol and Nj — 8 Beduoed by Sn and HCl to 
di bromo amido phenol and NH, 

Constitution — The hydroohlonde of the di 
bromo amido phenol obtained by reduction, gives 
Schmitt’s reaction upon the gradual addition of 
dilute bleaching powder, viz a violet colour 


followed by a white pp As this reaction is 
oharactenstio of p anudo phenols, this body 
must be di bromo p amido-phenol, and smoe it 
IS formed from 06H2(NE[2)Br, [12 4 6] its con- 
stitution IS as given above It appears to be 
different from Bdhmer’s compound, exploding 
at 137° 

Diazo-tn-bromo phenol 
Ethyl nitrate of 

03HBr,(0Et)N2N03[0Et Nj - 1 2] Tnolmio 
plates, prepared by bromination of 0 diazo- 
phenetol Does not explode when struck In 
melting point tubes it explodes at 92° It is 
decomposed by boiling water into tn bromo 
phenetol, the Nj^O, being displaced by H, not 
by OH (Mohlau a Oehmichen, J pr 132, 484) 
20eHBr,(0Et)N.N03 + 2H. O = 
2CeHBr3(OEt)H + 2N2 + O2 + 2HNO, 
Diazo-bromo-toluene sulphonic aoids 

CHj 03H2Br<^g^ ^ Five are known 

p diazo m bromo toluene o sulphonio acid 
(Weckwarth,^ 172,196) Bed crystals Heated 
with alcohol under pressure it gives bromo- 
toluene sulphonic acid 

p diazo - bromo - toluene m - sulphonic acid 
(Peohmann, A 173, 211) Heated with alcohol 
under pressure it gives bromo toluene m sul 
phonic acid 

diazo 0 bromo toluene m sulphonio acid 

(Schafer, A 174, 360) 

diazo-p bromo toluene m-sulphonio acid (S ) 
diazo p bromo toluene 0 sulphonio acid (S ) 
o-Diazo di biomo toluene p sulphonio acid 
(Hayduck, A 174,352) 

Diazo camphor v Camphob 
Diazo p ohloro benzene [1 4] CeH^Cl N, OH 
Yellow explosive powder, ppd from its salts by 
HO Ac Salts — CeH^Cl Nj NO, white plates — 
C3H4CI NjBr, yellow prisms — CeH4Cl Ng — 
(C3H4ClN2Cl)2PtCl4 (Griess, Tr 1864, 111 705) 
Anilidev Diazo benzene p ohloro anilide 
p Chloro-anihde C3H4CI N, NH 0,H4C1 
[125°] 

Diazo di-ohloro benzene 
Salts — C^H^CljNNOj — C3H3CI2 N^Br, — 
(C^H^Ch N2Cl)2PtCl4 (G ) 

Di chloro anilide C^HjClg Nj NH CgH,Cl, 
[127°] Needles, v si sol alcohol and ether 
Diazo ohloro nitro phenol 

C3H201(N02) <^0^^ From chloro nitro amido- 

phenol (Gness, A 113, 215) Brownish red 
columns (from alcohol) 

Diazo di-ohloro phenol C^HjCIjC^q*]^ From 

C«H2(OH)Cl2(NH2) [1 3 5 2] (Schmitt a Glutz, 
B 2, 52) Brown flocoulent powder 

Diazo-tn-chloro-phenol C^HCljC;^^*^ From 

tn chloro-p-amido phenol (Lampert, J pr [2] 
88, 875) Golden needles, explodes at 137° SI 
sol hot alcohol or benzene, insol ether 

Reactions — 1 Boiling alcohol gives a tn- 
ohloro phenol [64°] (253°) —2 Cone NajSOjAq 
forms OaHCls(ONa) N,SO,Na, of which the 
acid C3HC1,(0 H) Nj SOgH, explodes at 200°, and 
forms an orange crystalline banum salt. — 8 HI 
forms OgHCljI OH 

Diaio-ohloro-thymol eblorlde 
C 8 HClMePr(OH) N,Ch By the action of N 4 O, oo 
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a cold alcoholic solution of hydroohlonde of 
chloro-amido thymol (Andreseu, J pr Idl, 180) 
Precipitated by ether Colourless needles, often 
grouped in fans 

0 Diazo cumamio acid From amido oinna 
jnio acid (10 pts ), HCl (9 pts of S G 1 19), 
water (70 pts), and NaNOj The chloride 
separates as a yellow powder (Fischer a Kuzel, 
B 14, 478, A 221, 272) The nitrate 
C„H4(N^N03 ) CH CH COjH forms clear prisms 
Both salts may be boiled with potash without 
gi vmg off nitrogen, but they are decomposed by 
boihng water, forming o coumario acid With 
Na^SO, they form C,H,(N2S03Na) CH CH CO Ji, 
whence, by reducing with zinc and HCl, 
C8H,(NH NH SO,Na) CH CH COjH The latter 
forms slender needles It reduces HgO in 
the cold, and Fehlmg’s solution HCl in the 
cold converts it into hydrazido cinnamic acid 

(2 v) 

p Diazo cinnamic acid The chloride 
C„H,(N N Cl) CH CH COjH is prepared by the 
action of NaNOj on p amido cinnamic acid 
suspended in HCl (Gabriel, B 15, 2300) Long 
needles (containing aq) M sol water Can be 
dned at a gentle heat without decomposition 

y)-Diazo>cresol Me C^HgC^Q^^ Formed by 

diazotismg C„H3Me(NHo)(OH) [1 3 4] (Wagner, 
B 7, 1270)— (MeC3H3(OH)N,Cl);EHCl, powder, 
m sol water 

Diazo (//•cumene sulphite 

Salt — C3H,(CH3 ), Nj SOgNa [1 3 4 6] Trans 
parent prisms (containmg 2^aq) Not explosive 
(Haller, B 18,90) 

Dia20-4^cumene cunude Diazoamidocnmcne 
[1 3 4 6] C^H^Mej N N NH C^H^Me, [6 13 4] 
[131°] Formed by the combination of diazo 
cumene with cumidme (Nolting a Baumann, B 
18, 1147) Yellow tables (from ether) V sol 
benzene, ether, and acetone, m sol alcohol 

Diazo-cununic-amido cuminio acid 
Fr 03H,(C02H) N2 NH C^HjPr CO H Formed 
by passing mtrous acid into an alcoholic solution 
of amido cummic acid at 0° Minute prisms or 
leaflets (Griess, A 117, 62) 

Diazo-ethane sulphite C^Hj Nj SO,H Diazo- 
ethane sulphonic acid 

Salt — KA' Formed by the action of HgO 
on the corresponding hydrazo derivative 
CjHjNHNHSO.K (Fischer, A 199, 802) 

V sol water , ppd by alcohol Explodes when 
heated. Decomposed by boiling acids, Nj and 
SOj coming off Beduced by zme dust and 
acetic acid to GjHj NH NH SO3K 

Diazo-ethoxane CjHj 0 — Nj — 0 C^Hj (?) 

V D 4 02 (calc 4 08) Prepared by the action 
of silver hyponitrite, AgNO, on EtI (Zom, B 
11, 1630) Neutral liquid Exceedingly ex 
plosive Is decomposed by water with production 
of aldehyde and alcohol (C^H3)202N2 + H^O 

Nj + CH, COH + CjjHjOH + H^O By tin and 
acetic acid it is reduced to mtrogen and alcohol 
(OALO^N, + H, = 2C2H3OH + N,. 

o-Diaso hemipio acid 

0,H(OMe)2(CO,H) Diasso dumethoxy 

phthalic acid Formed by the action of nitrous 
acid upon o-amido-hemipic acid Yellow micro 
crystalline powder SI sol ordinary solvents 
Bxplodea on percussion or when heated to 


140°-160® Converted into hemipic acid by 
boiling with alcohol 

Hydrochloride C3H(OMe),(CO,H), N,Claq 
long colourless needles 

The sulphate forms small prisms (Griine, 
B 19,2302) 

Diazo hippurio acid • 

The nitrate CO^H CH, NH CO C^H, N, NO, 
IS formed by diazotismg the nitrate of w-amido 
hippurio acid (Griess, Z 1867, 165) — Per- 
bromide CijEgNO, N^Br, yellow prisms 
Imide CflHgNOs N, tables or needles 

Diazo-leucaniliue u Hexa azo tri phenyl- 
methane {infra) 

p Diazo-iodo-benzene C«HJ NgOH yellow pp 
Salts — (C3H4I N2CI) PtCl^ — CeH,I N2NO3 — 
C^^H^I N2SO4H small plates, v sol water, si 
sol alcohol — C^HJ N Br, —Imide C^HJ N, 
(Griess, Tr 1864, 111 706) 

(a) Diazo-naphthaleie (Griess, J 1866, 459) 
Nitrate Cj^H, NjNO, formed by diazotismg 
a naphthylamme nitrate — Perhromide 
C,„H N^Br, orange crystals — P latino 
chloride (C„H, N Cl) PtCl^ -Imide C,oH, N, 
yellowish oil {cf Iischer, A 232,242) 

A solution of the chloride neutralised by 
Na COg gives a brovs n pp Part of this dissolves 
m alkalis and appears to be CjpHgNO, the rest 
IS ppd as minute crystals by adding alcohol 
to its benzene solution Analysis indicates 
CjoHjgNjOj Both form crimson solutions in 
alcohol, ether, benzene, and glacial acetic acid 
(P F Frankland, C J 37, 750) 

(/8) Diazo-naphthalene Obtained by diazo 
tiBing (^) naphthylamme (Liebermann a Palm, 
A 183,267) The s 2 ^ forms pale yellow 
needles, and the perhromide orange needles 
(CjoH^ N2.C1 )Cu Clj*' very unstable yellow 
pp which 18 formed on adding CU2CI2 to a cold 
solution of /3 diazo naphthalene chloride 
(CjoHy Nj Br)Cu2Br2 red pp , on boiling with 
water it evolves nitrogen yielding (3) bromo- 
naphthalene (Lellmann, B 19, 810) 

(a) Diazo naphthalene (0) naphthylamide 
[100°] Formed by action of nitrous acid on 
(a) naphthylamme, or by ppg a solution of 
(a) diazo naphthalene chloride with (o) naph 
thylamme Brown laminie (from alcohol) 
Acids resolve it into naphthylamme and diazo 
naphthalene (Martius, Z [2] 2, 137) 

(a) Diazo naphthalene sulphonic acid 

[14] Got bypassing nitrous 

acid gas mto (a) naphthylamme sulphomo acid 
(formed by sulphonatmg (a) naphthylanune) 
suspended in water (Cl^ve, Bl [2] 26, 241 , Nevile 
a Winther, C J 37, 632) Powder, nearly m- 
soluble m cold water Boilmg water converts it 
into a enmson dye, forming very little naphthol 
sulphonic acid Heated with dilute HjSO^ (o-) 
naphthol p sulphonic acid is formed By heat 
mg with strong H2SO4, or with water at 160% 
(a) naphthol is produced Dilute HNO, (7 to 
15 pc HNO,) forms di nitro naphthol, [188°] 
Cone HCl forms a chloro naphthalene sul- 
phonio acid, whence PCI, forms dichloro- 
naphthalene [68°] 

Imide C,^.(SO,H) N<U [1 4] 

Tnazo naphthalene p sulphonic aotd Formed 
by the action of phenyl hydrazine upon the 



DIAZO- COMPOUNDS. 


411 


aoid , dia20<benzene imide, (a) naphthylamme- 
p sulphomo acid, and aniline are formed simul- 

taneously 20, +20,H,NHNH,- 

0,.H,(K,)S0,H + C.H.N. + C,.H.(NH,)SO,H + 
CflHjNHjj# White needles V sol water and 
alcohol 

Salt — ^BaA'j white silvery plates, v si sol 
boiling water Phenyl -hydrazine salt 
long plates , v sol alcohol, nearly 
insol ether and chloroform (Gness, B 20, 1630) 
(a) Diazo-naphthalene sulphomo acid 

[1 l'or4'] Similarly prepared 

from the product of the reduction of (a| mtro- 
(a) naphthalene sulphomc acid formed oy sul- 
phonatmg mtro naphthalene (C16ve, Bl [2] 24, 
512) Yellow crystalling powder Boihng water 
gives (a) naphthol (a) sulphomc acid 
(/3) Diazo-naphthalene sulphomc acid 

^ Microcrystallme powder 

Formed by diazotismg {$) naphthylamine sul 
phonic acid (formed by sulphonatmg (j8) naph 
thylamine) By boiling with HCl, converting 
into the K salt and heating with PCI, it yields 
ohloro naphthalene sulphomo chloride [129'^] 
(JSorsling, B 19, 1715) 

()3) Diazo-naphthalene sulphomc acid 

Formed by diazotismg 

naphthylamine sulphomc acid, itself got by 
the action of NHj upon Schaffer’s (/3) naphthol 
sulphomc acid at 180° Minute crystals Con- 
verted by treatment with cuprous chloride into 
{$) chloro naphthalene sulphomc acid, whose 
chloride melts at 110°, and, by distillation with 
PCI, 18 converted into (c) di chloro naphthalene, 
[136°] (Forslmg, B 20, 80) 

Tetrazo-dinaphthyl HO Nj C,oHg Ci^Hg N^OH 
Formed by diazotismg naphthidme It gives 
violet dye stuffs when combined with the sul 
phonic acids of {$) naphthol By boiling with 
alcohol it yields (aa) dinaphthyl 

Salts — CjoHjjN^SO/ yellowish plates — 
(CgnHjjN^CyPtCl^ sparingly soluble yellow 
needles (Nietzki a Goll, B 18, 3256) 

Diazo mtro benzaldoxim chloride 
C«H3(N02)(N NC1)(CH NOH) [3 4 1] Formed 
by the action of amyl nitrite and HCl on (3 4 1) 
mtro amido phenyl-acetic acid (Gabriel, B 15, 
837) Plates or needles Explodes on heating 
On heating with alcohol it gives m mtro benz- 
aldoxim C,H,(NO,)(CH NOH) 

j>Diazo 0 nitro-benzaldoxim chloride 
CaH,(N02)(N3 C1)(CH NOH) [2 4 1] Formed, 
with evolution of CO^, by the action of amyl 
nitrite on a HCl solution of o mtro p amido 
phenyl-acetic acid (Gabriel a B Meyer, B 14, 
826 , C C 1885, 616) Long red needles Ex 
plosive By the action of HBr it gives o mtro 
p bromo benzaldoxim By hot alcohol it gives 
o mtro-benzaldoxim CaH^(N02)(CH NOH) On 
oxidation it gives o mtro benzaldehyde Ammo 
mum sulphide reduces it to o amido benzaldoxim 
C,H4(NH2) oh NOH [133°] 

m Diaio nltro benzene Formed by diazo 
tiling m mtro anilme 


Nitrate OAfNO*) N* NO,* onbez — 
(0,H<(N0,) N 201 ) 2 Pt 01 , — 0,H,(NO,) N,Br, 
(Gness, Tr 1864, m 708) 

Imide C,H 4 (N 02 ) N, [62°] 
p Diazo mtro-benzene Formed by diazo- 
tismg p mtro anilme 

Ntfrafe C,H<(N 02 ) N, NO, slender needles. 
Gives no pp with PtCl^ 

Imide 0 ,H,(N 02 ) N, [71°] 
m Diazo-mtro-benzene p ethyl-tolnide 
[3 1] C,H,(N02)— N 2 — NEt CaH.Me [1 4] [65°] 

From m diazo mtro benzene chlonde and ethyl 
p toluidine (Gastiger, Bl [ 2 ] 42, 342) Eesolved 
by dilute HCl into its generators 

p Diazo-mtro-benzene-p ethyl-tolnide 
[4 1] C,H,(N02)— N,— NEt O^H.Me [1 4] [106°] 
Yellow needles (Gastiger, Bl [ 2 ] 42, 342) Be 
solved by HCl into p diazo mtro benzene cnlonde 
and ethyl p toluidine 

m-Diazo mtro benzene m mtro anilide 
[3 1] C«H,(N02) N 2 NH C,H,(N02) [1 3] [195°] 

Formed by the action of nitrous acid (1 mol ) on 
m mtro anilme (2 mols ) Small red prisms, v 
si sol alcohol (Gness, A 121, 272 , Meldola a 
Streatfeild, C J 51, 107) Insol hot aqueous 
KOH , but the potassium salt separates as brown 
crystals from a solution m aloohohc KOH Cold 
HClAq gives m mtro anilme and m diazo-mtro- 
benzene chloride 

p Diazo-mtro benzene p mtro anilide 
[4 1] C«H,(N02) N 2 NH CaH,(N02) [1 4] [223°] 

Formed by the action of nitrous acid (1 mol ) on 
p mtro aniline (2 mols ) (Gness, A 121, 271 , 
Meldola a Streatfeild, C J 624) Small 
yellow needles, m sol boihng alcohol Possesses 
distinctly acid properties, decomposing Na 2 CO, 

I Cold alcoholic KOH or boiling aqueous KOH 
form a magenta coloured solution of the potas 
Slum salt It forms p mtro anilme when heated 
with dilute H 2 SO 4 or with water in sealed tubes 
at 230° Cone HCl at 20° gives p diazo mtro 
benzene chloride and p mtro anilme 

Salts — CoH 4 (N 02 ) N 2 NNa C^H^NO,' forms 
steel blue needles, soluble only m excess of 
alkah — |C,H 4 (N 02 ) N, (C«H 4 N 02 )} 2 Cu — 

) N, (C«H4N02)}2Cd-— 
{C«H4(N02) N, (C^H^NOJf.Co 
m Diazo mtro-benzene-p-mtro amlide 
[3 or 4 1] C«H 4 (N 02 ) N 2 NH C«H 4 (N 02 ) [1 4 or 3] 
[211°] From diazotised m mtro aniline hydro- 
chloride and p mtro anilme , or from diazotised 
p nitro-amlme hydrochlonde and m mtro amhne 
(Meldola a Streatfeild, C J 51, 103, 439) Yel 
low needles (from alcohol) Dissolves m N aOELAq, 
forming a red solution Cold aqueous HCl 
gives m and p diazo mtro benzene chlorides 
and m and p mtro anilme 

m - Diazo - mtro benzene - m - mtro - benzyl - 
anilide [3 1] N, NC,H [1 3] 

[142°] From m diazo mtro benzene m-mtro 
anilide, aloohohc KOH, and benzyl chlonde 
(M a S ) HClAq at 100° gives w-chloro mtro- 
benzene and 771 mtro benzyl amhne 

p Diazo mtro benzene p mtro benzyl anilide 
[4 1] N 2 NC,H 2 CA(N0J [1 4] [190°], 

From p diazo mtro-benzene p mtro benzyl-am- 
lide, alcoholic KOH, and CfH^Cl (Meldola a. 
Streatfeild, C J 61, 112) Minute yellow 
needles Cone HOI decomposes it at 100° into 
p mtro benzyl anilme and p ohloro-mtro-ban* 
zene 
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p BUeo nltro bencene m nitro benzyl ani- 
Ude [41] C«H,(NO,) N, [13] 

[180®] From m diazo nitro benzene p nitro 
anilide alcoholic KOH, and benzyl chloride 
(Meldola a Streatfeild, C J 51, 114) 

m Diazo nitro benzene m nitro ethyl anilide 
[8 1] C6H,(N02) N, NEt C,H,(N02) [1 3] [119°] 

From m diazo nitro benzene m nitro anilide by 
treatment with KOH and EtI Also from 
m diazo p nitro benzene and m nitro ethyl 
aniline Needles Cold cone HCl forms vi 
diazo nitro benzene chloride and m nitro ethyl 
anihne (Meldola a Streatfeild, C J 61, 108, 
441) 

p Diazo mtro benzene p nitro ethyl anilide 

[4 1] C«H,(N02) Ng NEt CeH^iNOo) [1 4] [192°] 

Formed by the action of EtI and KOH upon 
P diazo mtro - benzene p nitro ethyl anilide 
(Meldola a Streatfeild, C J 49, 031) Or fioin 
diazotised p mtro anihne and p mtro ethjl 
anihne (M a S , C J" 61, 111, 442) Yellow 
needles, v si sol alcohol, insol alkalis De 
composed by cold HCl into p diazo mtro benzene 
chloride and p mtro ethyl aniline 

p Diazo nitro benzene in mtro ethyl amhde 
[4 1] C,H,(NOJ N^ NEt C8H,(N02) [1 3] [187°] 

From diazotised p mtro aniline and m nitro 
ethyl amhne (Meldola a Streatfeild, C J 61, 
111, 442) Orange needles (from alcohol) V 
b1 Bol alcohol Cold cone HCl gives wmtio 
ethyl amhne andjp diazo mtro benzene chloride 
m - Diazo - mtro - benzene p mtro ethyl 
anilide (?) 

[3 1] oA(N 02) N, Et C,H,(NO.) [14] [148°] 

Prepared by digesting the potassium salt of m 
diazo mtro - benzene p mtro amhde dissolved in 
alcohol with EtI (Meldola a Streatfeild, C J 
61, 106) Small yellow needles Heated with 
HCl at 100° it gives m and^ mtro ethyl anilines 
and m and p chloro mtro benzenes By cold 
HCl it IS resolved into m and p diazo mtro ben 
zene chlorides and m and^? mtro ethyl anilines 
w-Diazo-nitro benzene p mtro ethyl amhde 
{3 1] C,H,(NO,) N 2 NEt C JI,(N02) [1 4] [175°] 

From diazotised m mtro anihne and p mtro 
ethyl anihne (Meldola a Streatfeild, C J 61, 
110) Yellow needles (from alcohol) \ si sol 
alcohol With cone HClAq it forms p mtro 
aniline and m diazo mtro benzene chloride 
p Diazo nitro benzene-piperidide 
[4 1] C^4(N02) N^NC,H,o [97°] (Wallach, A 
235, 264) 

m Diazo mtro benzene snlphomc acid 
(8) /N, (1) 

C^,(N02)^ j Formed by diazotisation 

\SO,(6) 

of m mtro amhne snlphomc acid (13 6) White 
microscopic tables By heatmg with absolute 
alcohol under an extra pressure of 400 mm it 
IS converted into p mtro benzene sulphomc acid 
(Limpncht, B 18, 2186) 

Diazo-mtro benzene disnlphomo acid 

0,H,(SO,H)(NOJ<g^^ Formed by diazo 

tising m^nitro amhne disulphomc acid (Lim- 
pnoht, B 8, 289) Boihng alcohol forms m 
tiitro*benzene disulphonic acid 
Diazo mtro benzoic acid 

C.H,(N 02 )<^^ ^ Explosive yellow laimnje I 
(Salhowski, A 173, 63}. | 


Diazo nitro di ozy qninone The salts are 
formed by diazotismg nitro amido tetra oxy- 
benzene (Nietzki a Benkiser, B 18, 501) — 
Ca(N 02 )(N 20 H)( 0 H)( 0 Na) 03 aq long yellow ex- 
plosive needles — C 8 (N 02 )(N 20 H)( 0 H)( 0 Ag )02 
yellow explosive plates 

Diazo mtro phenol C 0 H 3 (NO 2 )<^^’'^ From 

CflH,(OH)(NH )(N02) [1 2 4] by diazotisation 
(Griess, A 113, 212) Brownish yellow granular 
mass , V si sol hot water, v sol alcohol Ex- 
plodes at 100° 

Methyl ether 

Nitrate C3H,(N02)(0Me) Nj NO, Formed by 
diazotismg mtro anisidine (Griess, J 1866, 459) 
Platinochloride} C«Hs(N02) (OMe) N 2 CI } jPtCl, 
Perbromide 0gH3(N02)(0Me) NjBr, 

Imide C,H 3 (N 02 ){ 0 Me)N 3 needles 
M ethoxy nitranilide 

C,H3(N0 )(OMe) N NH CHH3(N02)(0Me) 
Formed by passing nitrous acid into an alcohol 
solution of mtro anisidine (Griess, A 121, 278) 

Diazo di nitro - phenol C 3 H 2 (NO ) 

Formed by passing nitrous acid into an alco 
hohe solution of di mtro amido phenol (picra 
mic acid (Griess, A 113, 205) Yellow plates 
(from alcohol) 

Diazo-mtro-3-phenyl -propionic acid 
[3 4 1] C«H 3 (NO,)(No OH)C H, CO H Nitfo 
diazo hydrocinnaviic acid The nitrate is 
formed by the action of ethyl nitrite and HNO, 
on (3 4 1) mtro amido $ phenjl propionic acid 
It forms short colourless needles which explode 
feebly on heating Heated with alcohol it 
gives m mtro hydroomnamic acid (Gabriel, B 
15, 845) 

Diazo nitroso methyl mtro benzene v Diazo- 
mtro BEhZALDOXIM 

p Diazo mtroso oxindole chloride 

C,H,N,0 Cl or C,H,(N N Cl)<^<^^^>>CO 

p Dmzo dioxindole oxim chloride Small 
yellow needles Prepared by the action of amyl 
nitrite on a solution of amido oxindole in HCl 
Is only shghtly attacked by boihng alcohol 
(Gabriel a B Meyer, B 14, 832, C C 1886, 
616) 

o Diazo p nitro toluene-pipendide 
C,2H,3N,02 ^ e [14 2] C«H,Me(NO,) N, NC^H.^ 
[61°] Fromp mtro o toluidme [107°] by diazo- 
tisation of its hydrochloride and subsequent 
addition of piperidine (Wallach, A 236, 248) 
o Diazo mtro toluene p sulphonio aoid 

C,H2Me(N02)<^J^* ^ Formed by dissolving 

0 toluidme p sulphomc acid m fuming HNO, 
and ppg with ice water (Hayduck, A 172, 117) 
Boiling alcohol under 1160 mm pressure does 
not attack it 

p Diazo nitro toluene 0 sulphonio aoid 
Formed by dissolving p toluidme 0 sulphonio 
acid m cold fuming HNO, (Weekwarth, A 172. 
202) Large dark red prisms Alcohol heated 
with it under 1,000 mm pressure gives mtro- 
toluene sulphomc acid (Pagel, A 176, 304) 
p Diazo-nitro-toluene m sulphomo acid 
C«H^Me(N 02 )N 2 S 03 [1 2 4 5] Formed by dis- 
solving n toluidme m sulphomc acid m fuming 
HNO, (Pechmann, A 178, 214), and also from 
C.H2Me(N02)(NH2)SO,H [1 2 4 6] and nitrous 
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acid Insol cold water , on boiling with water 
only f of the theoretical quantity of nitrogen 
comes off , when boiled with FejOlg all comes off 
Boiling alcohol does not affect it, but in a 
sealed tube at 100° it is converted into o-nitro 
toluene m^sulphonic acid 

jp Diazo di-nitro-toluene o-sulphonlo acid 

CeHMe(NO ^)3 Jq ^ From p toluidme o- 

Bulphonic acid and fuming HNO, (Pagel, A 
176, 306) Yellowish needles Not affected by 
alcohol boiling under 1,000 mm pressure 
Diazo-oxy-acrylic ether (?) 

C,H«NA i e CNa C(OH) CO Et (?) (142°) at 

717 mm V D = 6 0 (obs ) Yellow oil of strong 
peculiar odour Volatile with steam 

Formation — Gelatine, swollen with water, 
18 warmed with absolute alcohol whilst HCl gas 
18 passed in, it soon dissolves and after dis 
tilling off the alcohol a thick brown syrup is 
left , the latter, which appears to be the 
hydrochloride of amido oxy acrylic ether 
CH(NH 2 ) C(0H) COoEt yields the diazo ether 
when its concentrated aqueous solution is treated 
withNaNOj, it IS purihed by distillation with 
steam , the yield is 160 grms from 400 grms 
of gelatine 

Reactions — Acids eliminate its nitrogen, but 
it* 18 very stable towards alkalis, with the ex 
ception of NHg, which even in the cold soon 
splits off COj and alcohol By zinc dust and 
acetic acid it is reduced first to a hydrazine and 
finally to an amido acid An ethereal solution 
of iodine converts it into di lodo oxy acrjlio 
ether CI^ C(OH) COjEt which on treatment with 
cold aqueous NH, loses COj and alcohol and 
yields di lodo vinyl amine CI^ CH(NH 2 ) It 
reduces AgNOj in the cold (Buchner a Curtius, 
B 19,850) 

Diazo>o ozy-benzoio aoid 

C.H,(CO,H)<g^ tCO,H 0 N = 1 6 3] 

Diazo salicylic acid Formed by passing N^Og 
into an aqueous or alcoholic solution of hydro 
chloride of amido salicyhc acid and concentrating 
Crystallised from water (Schmitt, J 1864, 384 , 
Goldberg, J pr [2] 19, 862 , P F Frankland, 
C J 37, 749) blender needles 

Reactions — 1 Boiled with cone HI it gives 
lodo salicylic acid [196°] {g_ v) — 2 Mercaptan 
at 170° gives salicylic acid (Schmitt a Mitten 
Bwey, J pr [2] 18, 193) 

Chloride — CaH3(C02H)(0H)N2Cl — Pla 
tino c hloride{C,H 3 (C 02 H)(OH)N 2 Cl( 2 PtCl, 
Biazo p ozy-benzoic amido-ozy-beuzoio acid 
Dimethyl derivative 
Diazo amido-aivisic ac^d 
CgH,(OMe)(C02H) Na NH 0eH3(0Me)(C02H) 
Formed by passing nitrous acid gas into a cold 
alcoholic solution of amido anisic acid (Griess, 
A 113, 337 , 117, 45) Amorphous powder, 
insol water, alcohol, and ether Warm cono 
HCl converts it into a red acid CjaHj^O, — 
NSjA'l^aq — K 2 A" 2 aq — EtjA" narrow leaflets 
DiazO'Ozy oumamio acid Methyl deriva 
five 0gH,(N20H)f0Me)CHCHC02H [6 2 1 ] 
Formed by oiazotismg methoxy amido cinnamic 
acid The chloride forms yellow crystals, 
which decompose at about 102° The nitrate 
C,H,(NNN 0 ,)( 0 Me)(C 3 H,.C 03 H) crystallises m 
)r«Uow needles, whicn ezplode at 152°, nearly 


insoluble in cold water, alcohol, and ether 
(Schnell, B 17, 1386) 

o diazo'phenol Ghlortde OgH 4 (OH)NgCl 
By passing NgOg into an alcohoho solution of 
the hydrochloride of o amido phenol, and then 
addmg ether (Schmitt, B 1, 67 , BShmer, J pr 
132, 460) Khombohedra Bromine water added 
to its aqueous solution forms a yellow pp of 
diazo dibromo phenol {q v ) 

Sulphite OflH^(OH) Ng SO,K aq Golden 
scales, got by adding KHSO, to CaH 4 (OH) NjCl 
(Schmitz a Glutz, B 2, 61 , Beisenegger, A, 
221, 314) 

Platino chloride (C 8 H 4 (OH)N 2 Cl)gPtCl 4 
m Biazo phenol Ethyl derivative (Wag- 
ner, J pr [2] 32, 70) 

p Biazo phenol Nitrate C 8 H 4 (OH) NgNO, 
Formed by passing nitrous acid gas into a cold 
ethereal solution of phenol (Weselsky, Sitz B 
1875, 9 , B 8, 895), or of p mtroso phenol 
(Jager, B 8, 894) 

Preparation — By passing NgO, into alcohoho 
solution of hydrochloride of p amido phenol, 
adding strong HNO 3 and cooling strongly (Boh- 
mer, J pr 132, 450) 

Reactions —1 By warming with dilute 
HBr (16 per cent solution) it does not give off 
nitrogen, as diazo benzene nitrate would do, 
but forms di azo di bromo benzene m accordance 
with the equation 
6C 

80,H,Br,<§ + + 3NO,+ 3NO + 9H,0 

Chloride CeH 4 (OH)N 2 Cl Formed by 
diazotising p amido phenol hydrochloride 
Converted into hydroqmnone by boiling cono 
HCl or dilute HgSO^ (Schuler, B 9, 1160) 
Heated with mercaptan it gives phenol and 
(C 2 H 5 ) 2 Sj (Schmitt a Mittenzwey, J pr [2] 18, 
194) — (C,H,(OH) N Cl) 2 PtCl 4 

Bromide C„H^(OH)N 2 Br Formed by pass- 
ing N 2 O 3 into an alcoholic solution of the hydro- 
bromide of p amido phenol (C Bohmer, J pr 
132, 461) Precipitated by ether 

Platinobromide (CflH 4 (OH)N 2 Br) 2 PtBr 4 
Needles grouped in spherical segments Got by 
adding an aqueous solution of PtBr^ (prepared 
like PtCl 4 by dissolving spongy platinum in HBr 
mixed with HNO 3 and evaporating) to one of 
diazo phenol hydrobromide If left for several 
days in contact with their mother liquor, the 
crystals absorb eight molecules of water of 
crystallisation changing to blood red twm 
crystals resembling gypsum These are in- 
soluble in ether, CSg and CHCI 3 , difiSoultly soluble 
in water The salt heated with 10 pts ol 
Na^COj does not yield bromophenol 

Sulphate OeH 4 fOH)N 2 8 O 4 H Obtamed 
by adding dilute H 28 O 4 to an alcoholic solution 
of the hydrochloride of p amido phenol, passmg 
m NgOg and adding ether Needles Does not 
explode when heated Converted by boiling 
HBr into the bromo phenyl ether of hydro- 
quinone (q v ) 

Sulphite HO CgH 4 N, SO 3 K. Fromp-amido* 
phenol, HCl, NaNO,, and KjSO, (Beisenegger, A» 
221, 316) Yellowish plates 

Ethyl derivative ‘‘ 0 gH 4 ( 0 Et)N 30 H Salts.-— 
^OEtlNjCl From p amido-phenetol hydro* 
ohlonde oy solution in alcohol and treatment 
with K|Og Precipitated by ether as an oil. 
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Crystallises when cooled to — 18® But if H28O4 
be added to the alcoholic solution of the chloride, 
avoiding rise of temperature, crystals of the 
sulphate C,H4(OEt)N2 SO^H separate Boiled 
with water this forms CeH4(OEt)(OH), hydro 
qumone mono ethyho ether {g_ v) (Hantzsch, 
/ pr 130, 461) 

Methyl derivative The salts are formed 
by diazotising p anisidme (Salkowski, B 7, 
1009) CeH4(OMe) N^NO, -C«H4(OMe) SO^H 
Diazo phenol carbamio ether Ethyl den 
vative 

^ ^-COjEt 
C.H,(OEt)<Qj) 

Preparation — ^By passing NjOj into a solu 
tion of the hydrochloride of ethoxy amido 
phenyl urethane, C,H3(OEt)(NH,) NH CO^Et, 
HCl (Kohler, J pr [2] 29,273) 

Properties — Slender, silvery white matted 
needles Insol water, sol alcohol, ether, and 
glacial acetic acid Decomposes below 100° 
Reactions — 1 Does not explode — 2 Not 
affected by boilmg alcohol — 3 Boiled with soda, 
it IS decomposed with evolution of nitrogen 
Diazo phenol sulphomc acids 
C4H3(N20H)(0H)(S03H) [14 3] and [3 4 1] are 
unstable crystalhne acids obtained by diazo 
tismg the corresponding amido phenol sulphomc 
acids (Beunewitz, J pr [2] 8, 52) 

Diazo phenol disulphonio acid 

C4H2 (SOjH) 2C I From p amido phenol di- 


sulphomc acid {a v ) (Wilsing, A 215, 238) 

Salt — KjA'^aq Small sulphur yellow 
needles Warmed with water it forms hydro 
qumone disulphonic acid 
p p Tetra-azo-diphenyl 

NO, Nj NjNO, Formed 

by passmg nitrous acid gas into an alcoholic 
solution of nitrate of benzidine, and ppg with 
ether (Griess, Tr 1864, 111 719) White needles, 
V sol water, m sol alcohol, insol ether 
Explodes when heated Boihng water forms 
p di oxy-diphenyl 

Perbromide BrjNj CgH^ NjBr, 
JmideNjCeH^C^H^N, [127°] Whiteplates 
Platinochloride 


(CIN2 CaH, CeHa N2Cl)PtCl4 yeUow plates 
Sulphate 

(HSO4N, CaH* Ce^4 N2S04H)H2S04 white 

Am lide PhNH N, CaH* CaH^ N^ NHPh 
lance shaped crystals, insol water Explosive 
Pipendide 

C,HiaNN2.0aH4 0aH4N2NC5H,o From benzi 
dme by diazotisation and treatment with piperi 
dine InsoL water, si sol alcohol, v sol ether 
(WaUach,A 235,271) 

w-w-Tetra-azo-diphenyl (Brunner a. Witt, 
B 20, 1028) 

Diazo'phenyl-oarbamio ether 


OOjEt Formed by diazotising o- 
amido phenyl carbamic ether (Budolph, B 12, 
1296) 

Hexa^aso-tri-phenjl-carbinol 
Chloride {0,H4(NjCl)},OOH Diazo p 

rcaanilvne chloride. Formed by diazotismg p 


rosaniline hydrochloride (E a 0 Fischer, 
194, 274) — C„H„Na01,3AuCl, 

Hexa-azo tri-phenyl carbmyl cyanide 

Chloride {OeH4(N2Cl)}jC CN 2aq From 
hydrocyano p rosaniline hydrochloride by diazo 
tisation Slender needles, v sol water Gives, 
with boiling water, (C8H40H),C ON (Fischer, A 
194, 275) 

Hexa-azo tri phenyl methane chloride 

(C,H4N2CI)3CH Diazo p leiicaniline Formed 
by diazotising tri amido tri phenyl methane 
hydrochloride (E a O Fischer, A 194, 269) 
Gives p rosolio acid (aurin) when boiled with 
water 

Di azo phenyl methyl ketone sulphite of 
sodium CHg CO CgH, Nj SO3K Formed by di 
azotising o amido acetophenone and treating 
the product with K^SO, On reduction it gives 
the hjdrazme salt CH, CO GJI, NH NHSO3K 
whence HCl forms methyl mdazol, 

.CMe 

CJ1\ j\ {v Indazol) The aqueous solu- 
\N~NH 


tion of the hydrazine salt changes to 
.CMe 
1\ 

NN — N SOgNa methyl mdazol sulphonate 
of sodium (Fischer a Tafel, A 227, 805) 

Hexa-azo-di phenyl-tolyl-carbinol , 

Chloride (C^H^N.Cl) ,C(OH) C«H3MeN2Cl 
Diazo rosaniline Formed by diazotising rosani 
line hydrochloride (Caro a Wankl;yn, Z 1866, 
511 , E a 0 Fischer, A 194, 279) Gives 
rise to rosolic acid when boiled with water — 


(C^oH^NgClg) 3PtCl4 6aq -C2oH,3N3Cl33AuCl, 
Hexa azo di phenyl-tolyl carbmyl cyanide 
Chloride (C^H^N Cl)2 C(CN) CgHjMeNaCl 
Ihazohy dr ocy an - rosaniline — Gold salt — 
C2„H,4(CN)N3Cl83AuCl3 

Diazo-resorcin chloride Diethyl ether 
CflH3(OEt)2N2Cl From the amido compound 
(Pukall, B 20, 1136) Unstable crystals 
Diazo rosanilme {v supra) 

Diazo-salioylio acid v Diazo oxy benzoic 

ACID 

Diazo succmamio acid 


CO2H CH2 CN2 CONHj 
Methyl ether A'Me [84 °] , long yellow 
prisms (from alcohol) Formed by the action 
of aqueous NHj upon methyl diazo succinate 
By decomposition with cold shghtly acidified 
water it yields methyl fumaramate and methyl 
malamate Heated with benzoic acid at 140°- 
150° it gives methyl benzoyl malamate Iodine 
in ethereal solution converts it into methyl 
di lodo succmamate — CO,Me CHj CI2 CONHa 
(Curtms a Koch, B 19, 2460) 

Ethyl ether C2H2N2{0ONH2)(CO3Et — 
[112°] , long thin yellow prisms , easily soluble 
m hot water and alcohol, sparingly in cold 
water and ether It is not altered by boiling 
with pure water, but by acids and alkalis is at 
once decomposed with evolution of nitrogen 
Eeduoed to aspartic ether by zinc dust and 
acetic acid (Curtius a Koch, B 18, 1293) 

Diazo-sncomic acid C2ia2N2(C02H)2. The 
di-methyl and di ethyl ethers of this acid 
are obtamed by xnixmg iced solutions of 
the hydrochlorides of the aspartic ethers 
OO-R CH(NH,C1) CHj CO2R and sodium mtrite, 
and adding a few drops of dilute H^SO^, after 
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^hioh the prodact is shahen out with ether 
The ethers form dark yellow oils which have 
not yet been obtained in a pure state By boil 
mg with water or aqueous acids they are decom 
posed with evolution of nitrogen and formation 
of the corresponding fumario ether They 
decompose spontaneously on keeping, evolving 
nitrogen and forming azinsuccinio ethers 
( 00 ^) 2020 ^ N N C 2 H 2 (C 02 B) 2 . Strong aqueous 
NH, converts them into diazo succmamic ethers 
p Diazo-toluene 

Salts — The preparation and properties of 
these salts resemble those of the corresponding 
diazo benzene salts (Griess, C J 20 , 86 ) — 
CgH^Me Nj NOj long slender white needles — 
(CgH^Me N 201 ) 2 PtCl 4 yellow pnsmatic crystals 
CjH.Me NjSO.H — C,H,Me N 2 Br 3 

Dicyanide or C.H.Me Nj CN.HCN 

[TS'’] Needles or leaflet^ Formed by the action 
of a diazo toluene salt on a solution of hCN 
{B 12, 1638) 

Anilide CflH 4 Me Nj NHPh or, alternatively, 
Ph Nj NH CgH^Me From p toluidine and di 
azobenzene nitrate or from aniline and p diazo 
toluene nitrate (Griess, A 137, 60 , B 7, 1619) 
Narrow yellow leaflets By warming with phenol 
it gives a mixture of aniline, p toluidme, benzene 
azo phenol and p toluene azo phenol , similarly 
with resorcin (Heumann a Oeconomides, B 20, 
90^) 

p Chloro anilide Formed from p 
chloro diazo benzene and p toluidme By heat 
ing with phenol it gives p toluene azo phenol 
andp chloranilme (Heumann a Oeconomides, 
B 20, 909) 

Piperidide CjjHi^Nj le C 7 H 7 N 2 NCH,o 
[41°J From CH 3 NjCl and piperidine 
Prisms (from alcohol or ether) Insol water 
Dry HCl passed into its solution in petroleum 
ether appears to form an unstable hydrochloride, 
quickly decomposing into diazotoluene chloride 
and piperidine hydrochloride (Wallach, A 235, 
244) 

p Toluide CeH^Me N 2 NH C,H,Me [llfl'^] 
Formed by passing nitrous acid gas into a solu 
tion of p toluidme in alcohol and ether (Griess, 
A 121, 277 , when pure (by digestion with 
alcoholic (NH 4 ) 2 S) it forms nearly colourless 
large thin prisms (Bernthsen a Goske, B 20, 
928) 

p Ethyl toluide C^H^Me Nj NEt O^H^Me 
Decomposed by acids into ethyl p toluidme and 
p diazo toluene chloride (Gastiger, Bl [2j 42, 
842) 

0 Diazo-toluene 0 toluide 
[2 1 ] CeH^Me N 2 .NH CeH^Me [ 12 ] [61°] 

Orange yellow powder of microscopic needles 
Prepared by adding sodium nitrite (1 mol ) to 
an aqueous solution of o toluidme ^2 mols ) and 
HCl (3 mols ) and then neutralising the HCl 
with sodium acetate, the temperature being 
kept below — 6 ° during the whole reaction It 
is crystallised by dissolving in cold alcohol and 
adding ice (Fischer a Wimmer, B 20, 1582) 

0 Diazo-toluene-azo-toluene CUH 1 SN 4 OH le 
N— N OH 

(?) Obtained by diazotismg 

toluene azo 0 toluidme , the salts orystaUise out 
when a stream of mtrous acid gas is passed 
into an aloohobo solution of toluene 0 azo 


toluidme and an excess of acid, or upon 
subsequent addition of a bttle ether On 
heatmg with water or alcohol it decomposes, 
evolving nitrogen bke ordinary diazo compounds 
By SnClj or SO 2 it is not reduced to a hydrazme 
but gives a stable compound C, 4 H, 4 N 4 which 

.N— NH 

probably has the constitution I I , 

\N— NC,H, 

by bromine this body is reconverted into the 
diazo perbromide By zinc dust and alcohol it 
18 converted mto m toluene p azo toluene [58®] 
with evolution of nitrogen The diazo imide 
loses nitrogen on heatmg and yields tolyl- 

azimido toluene CjHg^ | \n C^Hj identical with 
\n/ 

that obtained by oxidation of toluene azo 0 tolui- 
dine 0 Diazo toluene azo toluene reacts with 
amines and phenols bke an ordinary diazo- 
compound , the products, however, reduce to a 
diamine or amido phenol and tolyl azimido 
toluene All the salts have a deep orange yellow 
colour and are tolerably stable — C ,4 H,3N4C1>‘ 
red granular crystals — (C, 4 H, 3 N 4 Cl) 2 PtCl 4 yel 
low acicular crystals — C, 4 H,,N 4 NO,** slender 
red pointed crystals — SO^H** red in- 
terwoven needles — C, 4 H, 3 N 4 Brg [125°], long 
gbstenmg red needles or compact crystals 

Imide C, 4 H,,N 5 [85°], thick yellowish red 
crystals , formed by the action of alcoholic NHj 
upon the perbromide (Zmcke a Lawson, B 
19, 1452) 

Product of Reduction C, 4 Hi 4 N 4 probably 
/N— NH 

I I [168°] Long colourless 

\N— N C,H2 

needles V sol hot alcohol, si sol ether 
and chloroform, msol water It has no 
basic properties It is not affected by 
I reducmg agents Bromine in alcoholic or acetic 
acid solution readily converts it into o diazo- 
toluene azo toluene perbromide On addition of 
AgjO to its alcoholic solution nitrogen is evolved 
and m j?-azotoluene [58°] is formed 

Acetyl derivative C, 4 H, 5 N 4 Ao [134°] 
glistening white plates (Zmcke a Lawson, B 
19, 1457) 

p Diazo toluene azo toluene 
[2 1] aH4(CH3)— N2-CeH3(CH3) N 2 OH [13 4] 
Prepared by (bssolvmg toluene azo p toluidme 
in alcohol, adding an excess of HCl, diazotismg 
by passing NgOg into the well cooled solution, 
and precipitating the diazo salt with ether By 
reduction with SnClj or zinc dust and acetic 
acid m cold dilute aqueous solution it is split 
up (without formation of a hydrazme) mtc 
o tolmdme and tolylene p diamine 

Salts — ‘‘C i 4 Hi,N 4 NO 3 slender browmsb- 
yellow needles, m sol water and alcohol — 
0 , 4 H, 3 N 4 Br, yellow crystalbne pp which 
changes on standing to small violet needles — ♦ 
Ci 4 H, 3 N 4 SOgNa gbstenmg scales (from alcohol), 
v sol hot alcohol, si sol water 

Imide Ci 4 H, 8 N 5 [b0°] , long plates, sol. 
alcohol and acetic acid (Zmcke a Lawson, B, 
20, 1181) 

o Diazo toluene m-sulphonic acid 

[1 1 ] Precipitated m • 
white powder when nitrous gas is passed into a 



m 


DIAZO- compounds; 


cold solution of o toluidine sulphonio aoid 
Explodes feebly at 100° (Novile a Winther, C J 
37, t>28) 

o Biaso-toluene p snlphonic acid 
Minute monoclinic prisms (Hayduok, A 
172, 213, 174, 344) Boiling alcohol produces 
Me C«H3{OEt) SO3H [1 2 4] 

p Diazo-toluene 0 sulphonic acid Yellow 
or brown needles (Ascher, A 161, 8 , Jensen, A 
172, 235) Heated with alcohol under pressure 
it gives MeC3H3(OEt)(SO,H) Remsen a Palmer, 
Am 8, 243) 

jp-BiazO'toluene 77^•8alpllonlo acid 
’*MeCeH3<[^g^^ [^s] More soluble than 

the corresponding 0 compound (Nevile a Win 
ther, G J 87, 631) Prepared by passing 
nitrous acid gas into p toluidme sulphonic acid 
suspended in alcohol Hot alcohol gives toluene 
tw-8ulphonic acid (Petermann, A 173, 201) 
jp-Diazo-toluene sulphonic acid 
C,H4<^^^^S0, Heated with alcohol under | 

1,100 mm pressure it gives CaH4(OEt) CH^ SO3H 
(Mohr, ^ 221,219) 

p Diazo - toluene • sulphonic - anudo • toluene 
sulphonic acid Am%de 

[1 4 2] O.H,Me(SO,NH,)N, NH C.H.Me SO.NH, [2 1 4] 
From C3H,Me(NH2)S02NH2 [1 2 4], alcohol, and 
nitrous acid gas (Paysan, A 221, 211) Decom 
posed by HCl into Nj, OaHjClMe SO^NH^, and 
C8H,(NH2)Me SO2NH2 

0 Biazo-toluene disulphonio acid 
N 

03HaMe(S03H)^^^ [ ^ ® s] ^^^m NjO, and 

aqueous o toluidine disulphonic acid at 0° (Lim 
pricht, B 18, 2176 , Hasse, A 230, 291) Micro 
Bcopic needles Explosive Heated with alcohol 
under pressure it gives C^H Me(0Et)(S03H)2 
With HI It forms CeH^Me^SOHH)^ 

Salts — KA' — ^BaA'2 4aq — Pb A'„ 
p Diazo toluene di sulphonic acid 

C3H2Me(SO,H)^ I Formed by diazotisation 

'SOj 

of p- toluidme di- sulphonic acid Yellowish 
crystals By heating with HI it yields p lodo 
toluene di sulphonic acid , with HBr it yields 
P bromo toluene di sulphonic acid 

Salts — A'K large yellow prisms — A'2Ba 
yellowish white needles — A'jPb small red 
pnsms (Limpncht, B 18, 2178) 

Diazo-toliuo anudo toluic acid 
C3H,Me(C02H) N2 NH C^Me CO2H From 
anudo toluic acid and nitrous ether (Griess, 

A 117, 69) Mmute yellow pnsms (contaming 
iaq), insol water, alcohol, and ether 
o Diazo p toluidine bronude 
Acetyl derivative 

C,H,Me(NHAc) NjBr [1 4 2] 

From C3H3Me(N]^c)(NH2) [14 2], cone HBr 
and cone NaNO^ at 0° (Wallach, A 235, 249) 
BecLctions — 1 Hot ACjO converts it into 
C,H-Me(NHAc)(OAc) [182 6°] —2 Nitro ethane 
and NaOEt give 0,H,Me(NHAo) Nj CHMe(N02) 
[14303 HNEt, gives OAMe(NHAc)N2.NEt2. 
[108°] —4 Pipendvne gives the piperidide 
C*H,Me(NHA<SN^NC4H,e. [164°] HOI passed 
|Ato an alcohoi&o sointion of this base gives a 


pp of CaH,Me(NHAc)N,CI. Boiling HGlAa 
gives C,H3Me{NHAo)01 

Diazo m zylene-snl phonic aoid 

^[1 3 46] White pp Sparingly 

soluble in water Decomposes at 60°-70° 
Combines with phenols and aminea» Formed 
by diazotisation of m xylidine sulphonic acid 
(Ndlting a Kohn, B 19, 138) 

Diazo-p-zylene-sulphonio acid 

0aH3Me2<^ ^ ^ ^ ^ 6 ] Yellowish white plates 

Stable at ordinary temperature, decomposes on 
heating with water at 60°-70° Formed by 
the diazotisation of p xylidine sulphonic acid 
CAMe (NHJlbOjH) [1 4 2 5] (Ndlting a Kohn, 
B 19, 141) 

DI8AZ0- COMPOUNDS Secondary azo com 
pounds Compounds containing two azo groups 
of the form C — Nj — C *The geneial methods by 
which they may be prepared are given in the 
article on azo colouring matters (p 368) The 
non enciature here used is like that used for 
a/o compounds To find the name of a disazo 
compound, write down the foimula, strike out 
everything between the two Nj groups, remove 
one of the N groups, and join the remaining 
parts of the formula together and name the 
resulting azo compound as directed on p 860 
Then insert after the word ‘ azo ’ the name of 
the central hydrocarbon, preceded by prefixes 
representing its substituents and followed by 
* azo ’ 

Di-amido>benzene azo benzene azo benzene 
sulphonic aoid 

[4 1] CeH4(S03H)-N2~CeH -N.-CeH2(NH2)2 
[1 2 4] Formed by the combination of diazo 
benzene azo benzene p sulphonic acid with m 
phenylene diamine Red microscopic needles 

V si sol alcohol and ether In H SO4 it dis 
solves with a violet blue colour — KA'2aq red 
glistening plates, si sol hot, v si sol cold, 
water, dyes silk, wool, and cotton a brownish- 
red (Griess, B 16, 2035) 

Amido Eulpho naphthalene azo diphenyl azo- 
naphtbylamine sulphonic acid 

[1 4 2] C,,H,(NH2)(S0,H)-N2-C«H, 

[1 4 2] C,<,H,(NH2)(S0,H)-N2-C„H, 
Formed by combining diazotised benzidine with 
(o) naphtbylamine p sulphonic acid Dyes 
cotton from an alkaline bath scarlet, turned 
blue by a trace of acid The aqueous solution 
is readily reduced by NH3 and zinc dust, giving 
benzidine and naphthylene o di amine sulphonic 
acid (Witt, B 19, 1719) 

Benzene-azo m diamido benzene azo benzene 
C„H-N2-OeH2(NH)2-N2-C,H3 [250°] 

Formed by the combination of diazobenzene 
with ohrysoidme Dark red needles or six- 
sided plates Sol hot chloroform and benzene, 

V si sol alcohol and ether, msol water Weak 
base Salts — B'HCl violet brown amorphous 
solid — B'jHjCL^PtCl^ violet brown amorphous 
pp (Griess, B 16, 2028) 

Benzene-azo-r/i-diamido • benzene-azo-benzene 
p sulphonic acid 

C,H4(S0,H)-N2- 0.H2(NH2)2~-N2-^0«H3 
Formed by the action of p diazo benzene sul- 
phonio acid on ohrysoidme Dark-brown mi- 
croscopic crystals V si sol. alcohol, msol. 
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■etlier AfK reddish brown plates, sol hot, si 
•ol cold, water (Gness, B 16, 2032) 

Bensene • aio - di - amido • beazene-aao-benioio 
aold CA(00^)-N,-0.H,(NH,),-N,-C«H, 
Formed by combining m diazo benzoio acid 
with chrysoidme (Gness, B 16, 2032) Brownish- 
red powder Insoluble or nearly insoluble in 
all ordinary solvents Soluble in alkalis with a 
brownish red colour 

(a)-Benzene-azo-m-di-amido-benzene-aso-tolu- 

ene C«H,— N^- C,Hj(NH2),— N^— C,H; [192°] 

Formed together with a small quantity of t*'e 
(6) isomeride by the combination of p diazo 
benzene with p toluene azo phenylene diamine 
Dark red glistening needles Sol ether, chloro 
form and hot benzene, msol water and alcohol 
{$) Benzene - azo-w - di - amido • beazen e - azo- 
toluene C,H -N,— CgH,(NH,)2— Nj— 

[22o°] Slender yellow ileedles Sol alcohol and 
ether, v si sol chloroform, sol in water (Gness, 
B 16,2029) 

Benzene -azo m di- amido benzene p-azo- 
toluene C,H,— N,— CA(NH,)2— N^— CeH, 

[214°] Formed by the combination ofp diazo 
toluene with chrysoidme (Gness, B 16, 2030) 
Dark red glistening needles SI sol chloroform, 
ether, and benzene 

Benzene-azo benzene-azo p oresol 

• (4) fl) (5) (2> 

C,Hj— N,-C,H,-N2— C,H,(CH,)(OH) [160°] 
Obtained by the action of diazo benzene azo- 
benzene chloride (by diazotismg benzene azo- 
aniline) on an alkaline solution of p cresol 
(Nolting a Kohn, B 17, 354) Small brown 
needles SI sol alcohol, m sol chloroform, 
benzene, and acetic acid Dissolves in H2SO4 
with a reddish violet colour 

Benzene-azo-benzene-azo ethyl (0) naphthyl- 
amme C4H5 — N, — — Nj — CioHe NHEt 

[142°] Small red needles Formed by heating 
ethyl (0) naphthyl mtrosamine with an acetic 
acid solution of benzene azo anihne (Henriques, 
B 17, 2670) 

Benzene azo benzene azo (0) naphthol 
CgHj— Nj— — Nj— OioHgOH From diazo- 
tised benzene azo aniline and (0) naphthol 
(Nietzki, B 13, 1838) Brick red powder 
Benzene-azo-benzene-azo-resorcin 
CgHj— Nj— CflH^ — Nj — CgH,(OH)2 By the action 
of diazotised benzene azo aniline on resorcinol 
two isomerides are formed which are separated 
by their different solubilities in. aqueous alkalis 
(a) Compound [184°] Brownish red 
powder consisting of microscopic tables Dis 
solves with a carmine red colour in aqueous 
NaOH and m H^SO^ Sol alcohol, ether, and 
chloroform 

(3) Compound [215°] Brown powder Dis- 
solves in alcoholic NaOH with a violet blue 
colour and in H^SO^ with a pure blue colour, 
V si sol alcohol, ether, and chloroform, msol 
aqueous NaOH (Wallach, B 15, 2817) 
Benzene-azo-methyl-pyrrol-azo-benzene 
N,— C^H^NMe— N,-O.H. 
OANj g=CH 

probably ]^Me| [196°] Formed by 

CgHgN, C=xdH 

the methylation ol benzene azo pyrrol benzene 
Bed plates (0 Fischer a Hepp, B 19, 2253) 

VoL, I. 


Benzene-aso-oxy-benzena-azo-bexLzeud 

(l) (4) (8> 

CgHj — Nj— OgHa(OH) — Nj — OgHj Bentene- 

disazo phenol Phenol hi diazo benzene [Idl'-] 
Formed together with benzene azo phenol, by 
treating diazo benzene nitrate with BaCOg in 
the cold, or by the action of diazo benzene 
nitrate upon a solution of benzene azo phenol 
m KOHAq (Gness, A 137, 86, i? 9, 628) 
Brown lustrous needles or plates (from alcohol) 
V si sol water, v sol KOHAq, v si sol NU»Aq, 
msol Na^COgAq 

Methyl ether C„H„N,(OMe) [110°], small 
yellow crystals, v sol ether, benzene, acetone, 
and hot alcohol 

Acetyl derivative C,9H„N^(OAc) [116°], 
small yellow needles, sol alcohol, ether, and 
benzene 

Benzoyl derivative C,8H,3N4(OBz) 
[139°], small yellow needles, si sol cold alcohol 
(Nolting a Kohn, B 17,368) 

Benzene azo di oxy benzene azo benzene 
CgH,-N-C,H2(OH)-N,— CgH, By the 

action of diazo benzene chloride on an alkaline 
solution of benzene azo resorcin two isomerides 
are formed which are separated by their solu- 
bility m aqueous alkalis A third isomeride (7) 
18 formed, together with benzene azo resorcin, 
by the action of diazo benzene chloride on res 
orem treated with KOH (1 mol ) in dilute 
aqueous solution 

(a) Compound Brown felted needles 

Dissolves easily with a red colour m aqueous 
NaOH and m H SO4 SI sol alcohol and ether, 
m sol chloroform Its di acetyl derivati\ e 
forms brown glistening needles, [184°] ^Wallach) 
(3) Compound [220°] Microscopic needles 
SI sol alcohol and chloroform, msol aqueous 
NaOH Dissolves m H2SO4 with an mdigo blue 
colour, and m alcoholic NaOH with a red colour 
(Wallach, B 15, 2816) 

(7) Compound [222°] Largo red needles 
Sol chloroform, v si sol alcohol It dissolves 
m strong alkalis with a brownish yellow colour, 
m H^SO, with the same colour By tin and 
HCl it IS reduced to anihne and di amido 
resorcin 

Di acetyl derivative 
C,8H,2N4 (OAc )2 [138°], orange needles (Lieber 

mann a Kostanecki, B 17, 880) 

Benzene azo tnozybenzene azo benzene 
0«H,— Ns— CgH(OH),— Nj— CgH, Phlorogluotn^ 
bi diazo benzene Yellowish brown leaflets Pre- 
pared by the action of diazobenzene nitrate on 
phloroglucin (Weselsky a Benedikt, B 12, 226) 
Benzene-azo-diozy benzene azo naphthalene 
CgHj— Nj— CgH2(OH)2— Nj— C,oH, [165°] From 
diazo benzene chloride and an alkaline solution 
of m di oxy benzene-azo naphthalene (Wallach, 
B 15,22) 

Benzene.azo-di oxy benzene azo toluene 
C,H,-N,-CgH,(OH),-N2~CgH,(CH,) [1 4 } 
Prepared by the action of diazo benzene chloride 
on an alkaline solution of m dioxy benzene azo- 
toluene, or of diazo toluene chloride on an alka 
hne solution of benzene azo resorcin , in either 
case the same three isomerides are smmltane 
ously pioduced and are separated by means of 
their different solubilities 

{a) Compound Golden brown needles. 

DissoUcs with a red colopr m H^SO, and NaOH. 

£ fi 



418 


DISAJSO-OOMPOOTDa 


8 ol aloohol snd chloroform Ito di- acetyl* 
derivatiye forms yellow needles, [176®] 

(a') Compound [241°] Dissolves wi^ a red 
eoloor in ILSO^ and m aqueous NaOH. Its 
di acetyl^erivative forms yellow needles, 
[196°] 

{$) Compound [206°] Browmsh - black 
microscopic crystals Insol aqueous NaOH, dis- 
solves in H 2 SO 4 to a blue solution SI sol alco- 
hol, m sol chloroform (Wallaoh, B 15, 2821) 
Benzene azo-oxy C 3 rmene azo benzene 

(2) (1)(4)(3) (6) 

C,H,— N,— CaHMePr(OH)— N,-C,H, Thymol 
hi diazo benzene [168°] Formed, together with 
benzene azo thymol, by the action of diazo 
benzene on thymol /Mazzara, O 15, 62, 228) 
Silky needles, sol chloroform By reduction 
with tin and HCl, and subsequent treatment with 
FcjCl^, it 18 converted into oxy thymoquinone. 
Benzene azo-o oxy toluene azo benzene 
(1) (3) (4) 16) 

C^H,— N,— CAMe(OH)~N,— [115°] Ob 
tamed by the action of (2 mols of) diazo 
benzene chloride on an alkaline solution of 
o cresol (Ndlting, B 17, 364) Reddish-brown 
plates V si sol cold alcohol Dissolves in 
alkalis with a yellowish red colour 

Acetyl derivative [121°], yellow needles, 
V sol alcohol, ether, and benzene 

Benzene azo-m oxy toluene azo benzene 
(1) (2) f4) (3) 

N,-C„H2Me(OH)-N,-C.H, [149°] Ob 
tamed by the action of (2 mols of) diazo 
benzene chloride on an alkaline solution of 
m cresol Reddish brown plates Sol ether, 
benzene, and hot alcohol, si sol cold alcohol 
Acetyl derivative [167°], small yellow- 
ish brown needles (Ndltmg a Kohn, B 17, 867) 
Benzene azo-di phenyl urea azo benzene 
Nj— C«H4 NH CO NH N^— 

[270°] Formed by the action of carbonyl 
ehlonde on benzene azo aniline (Berju, B 17, 
1404, C C 1884, 871) Small plates Sol 
chloroform and benzene, si sol alcohol 

Benzene-azo di phenyl thio-urea azo benzene 
C,H,— N 2 — C,H4 NH CS NH C^H^— N,— C«H, 
[199°] Formed as a by product of the action 
of phenyl mustard oil on benzene azo aniline 
(Berju, B 17, 1405) SI sol hot chloroform, 
xylene, and acetic acid, v si sol alcohol, ben- 
zene, and CS, 

Benzene azo pyrrol azo benzene 

C^Hj— N,— C^HjN— N,~C,H„ 

C„H,N,C = CH 

probably NH I , [131°] Obtained 

CAN,.C = CH 

by combining (2 mols of) diazo benzene ehlonde 
with (1 mol of) pyrrol in alkaline solution 

Red crystalhne sohd Sublimable M soL 

ether and benzene, si sol alcohol, nearly insol. 
water Possesses basic properties Dissolves 
in dilute HCl with a reddish yellow colour , in 
cone H,S 04 with a splendid blue colour Its 
alcoholic solution is turned magenta red by 
NaOH, reddish-violet by oono HOI (0 Fischer 
a. Hepp, B 19, 2251) 

Bonzene azo p3nTol-(i8)-azo-naphthalene 

probably IJJH I , [161°]. Formed 

OANaO-OH 


by the combination of diazo-benzene chloride 
with pyrrol- (iS) -azo naphthalene or of (B)-diazo- 
naphthalene dhlonde with pyrrol-azo l^nzene, 
m alkalme aloohoho solution Red plates, with 
bluish reflection SI soL aloohol (0 Fischer iu 
Hepp,H 19,2256) 

Tri - bromo - benzene - azo - di - phenyl - di- 
isomdole-aso-tri bromo benzene 

O.H4— Na— CAB*'* 


C 44 H 34 N,Bra or 


N 

C A C^H 

I I 

HO-COA 


O^H^-Na-OABr, 
[150°] Orange yellow pnsms Soluble m most 
ordinary solvents except water Formed by the 
action of tn bromo diazo benzene ehlonde on 
di phenyl di iso indole — B'ACla slender 
yellowish brown needles (M5hlau, B 16, 2490) 
Di- bromo -oxy benzene-azo di -phenyl- di- 
Isomdole azo di bromo phenol 

CA— N,— OABr,(OH) 

C,H.C~CH 

^4o®2a^«Br40,or | | 

HC CCA 


Y 


CA—N,— C4H,Br,(OH) 
[198°] Yellowish green prisms Soluble in 
alcohol, dyes wool orange and silk yellow 
Formed by the action of di bromo diazo phenol 
on di phenyl di isomdole — B"H,C1, short 
metallic glistening pnsms, insol water (MShlau, 
B 16,2492) 

^ Cumene -azo-m di- oxy -benzene azo-i^- 
cumene 


CA^Me,— N,-CA(OH),— Nj—CAMe, 
Formed, together with cumene azo resorcin, 
by combmmg diazo cumene chloride (from 
amido pseudo cumene [62°]) with resorcin 
(Liebermann a Kostanecki, B 17, 882) Small 
red needles Dissolves in BLjSO^ with a red 
colour Insoluble m alkalis 


p Bi-methyl- amido- benzene -p azo -benzene- 
azo (0) naphthol 

HO 0, Afl— N,— C,H4— N,— CA 4 NMe^ [210°] 
Got by pourmg a diazotised solution of p amido- 
benzene azo-dimethylanilme hydrochlonde into 
a solution of (B) naphthol in NaOH (Meldola, 
C J 45, 109) Bronzy green needles SI soL 
alcohol, v sol hot CA*^,, benzene, and chloro- 
form Solutions in the above solvents are red , 
m alcoholic NaOH, red , m oono A 8 O 4 green, 
turned blue by dilution An alcohoho solution 
IS turned blue by HCl 

p - Bi-methyl - amido-beniene -p - azo benzene- 
azo (a) naphthol 

HO 0,Ae N,.CA 4 N«CA 4 NMe 2 Prepared like 
its {$) isomeride (M ) Its properties are similar, 
except that the solution m alcoholic KOH if 
violet It decomposes below 206°. 
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IK 4 ft«tli 7 l -taildo .btnteiM-MO- 

moroia 

(HO),OaH,~N,~OgH 4 — N,~- 0 JB 4 NMe^ Brown 
powder Decomposed before melting 81 sol 
Doihng alcohol, the solution being reddish- 
orange and turned first violet, then blue by 
nddmg TOl SI sol glacial acetic acid, the 
solution being red when hot, violet when cold 
Insoluble in toluene Solution in alcoholic 
KOH IS reddish-violet Solution m cone. BL 4 SO 4 
IS violet, becoming blue on dilution (Meldola, 
C J 45, 110) 

Di methyl-amido-beiuene p-aze-benxene-azo- 
phenol 

HO C«H 4 — Nj— C 4 H 4 — N,— O^H^NMe,. Brown 
powder, forming a brown solution in aqueous 
KOH, and a red solution in aloohohc KOH 
Resembles the analogous di methyl amido 
benzene p azo benzege azo resorcin (5 v ) 
(Meldola, C J 45, 111 ) 

Bi-methyl - amide • benzene > azo • toluene - azo- 
()3).naphthol ( 2 ) (i) (a) 

C,H 4 (NMe,)— Nj— C^H^Me— N^-O.oH^ OH 
JVom diazotised di methyl amido benzene azo 
p toluidine and {B) naphthol (Wallach, A 234, 
858) Red needles (from chloroform), msol 
water 

Di-methyl-amido • benzene • azo • toluene - azo - 
phenol (3) (I) (4) 

C„*H 4 (NMe 4 )— N,-C«H,Me— N,--C^ 40 H [160°] 
From diazotised C^H^fNMej) — Nj — C^HjMeNH, 
and phenol (Wallach, A 234, 357) Orange 
needles 

(a) - naphthalene • azo • pyrrol • (a) - azo - 
naphthalene OioH,— N, — C^H^NH— N,— OjpH,, 
C„H, N^C=CH 
probably l^H | 

C,oH,N,C=CH 

Formed by adding (a) diazo naphthalene chloride 
(2 mols ) to an alkfidine solution of pyrrol (1 mol ) 
MetaUio glistening needles Sol alcohol with a 
dark yellowish red colour Dissolves in cone 
H 4 SO 4 with a blue colour (O Fischer a Hepp, 
B 19,2255) 

(/ 3 )-Naphthalene-azo-pyrrol-() 8 )-azo-naphthal- 
ene O.^H,— N,— C^H^NH— N,— 


04oHj.N, g=CH 

probably NH I [288°] Formed by 

OjoH, Nj C-=CH 

adding (/B) diazo naphthalene chloride (2 mols ) 
to an alzaline solution of pyrrol (1 mol ) 
Glistening coppery plates SI sol alcohol 
The alcoholic solution is turned reddish violet 
by cone HCl Dissolves in cone H^SO^ with a 
blue colour (O Fischer a Hepp, B 19, 2255) 
m Vitro-oenzene p-azo-benzene - (a) - azo - {&) • 
naphthol OH 

[0 218°] From diazotised NO^ CaH4 C4H4 NH, 
and (0) naphthol Small yield (Meldola, C J 
45, 118) Orange crystals with green lustre 
Solutions m C,H40, and in toluene are orange , 
in alcohohe NaOH, violet , m coiao HjSO^ green, 
turned blue on dilution 

m.]fitro-bezuiene-(a)-azo-naphthalene-(a} azo- 
(a) -naphthol 

N0,CA-~N,-~0„H,— N,~0,A0 H a dark 
amorphous powder Solutions m toluene, chloro- 
form and glacial acetic acid are red , in cone 
H,S04 dark indigo violet, becoming blue on 
dilution , in alcoholic potash, greenish blue 
(Meldola, C /. 45, 116), 


n»-nitro-b«izeae-{«)-aso-nap1ithaleno-(a)-asa 

(^)-naphthol 

no,.04H4-.n,— 0, oh 

From m-nitro benzene (a)- azo- (o). naphthyl 
amine by diazotising and treating with (3) 
naphthol (Meldola, C J 46, 116) Minut( 
bronzy needles (from toluene) Blackens a1 
245° Insol alcohol or glacial acetic acid Solu 
tions in chloroform and in hot aniline are violet , 
in toluene red when hot, reddish violet wnen 
cold , in boilmg alcoholic KOH, blue ; in cone 
H^S04, olive colour, on dilution, blue and then 
violet 

m nitre -benzene- (a) azo -naphthalene- azo - 
resorcin NO, O4H4-N3— 0,oH,— N,-C4H,{0H),< 
Bronzy powder, not very soluble Solutions in 
boilmg alcohol are reddish , in glswnal acetic 
acid, toluene and chloroform, orange, in aqueous 
or alcoholic KOH, blue , in cone H^SO,, green, 
changing to bluish green on dilution (Meldola, 
C J 45, 116) 

p Nitro-benzene-azo-m-zylene-azo (a) naph- 
thol NO, C4H.— N4— C,H,Me,— N,-C,<,H4 OH 
Preparation and properties are similar to those 
of the preceding (3) compound 
Sulphomc acid 

N0,C,H4-N — aH,Me,— N,-0,„H3(S0,H)(0H) 
Similar to the corresponding (3) compound, but 
dyes reddish brown 

p Nitro - benzene azo - m • xylene - azo 3 
naphthol 

NO, C4H4~N,— O^H^Mej—N,— C,;H, OH [278°] 
From NO, C4H4 — N, — C8H[,Me4NH, by diazo 
tismg and treating with sodium (3) naphthol 
(Meldola, C J 43, 434) Green scales (from 
toluene) Scarcely soluble m alcohol or glacial 
I acetic acid Forms a crimson solution in boU 
I ing amhne or mtrobenzene, and a green solution 
in cone H2SO4, turned violet by dilution 
Sulphomc acid 

N0,.C,H4 N, C4H,Me, N,.C,oH4(OH)SO,H Got by 
using C,„H4(0H)S0,H Dyes claret red 
p Nitro benzene azo m-xylene-azo-phenol 
N0,C,H4— N,-CeH,Me,-N,— C.H4OH Orange 
powder B1 sol alcohol and benzene, v sol 
hot aniline Solutions are orange Solution in 
alcoholic NaOH is reddish violet Solution in 
cone H,SOj IS Uue (Meldola, C J 43, 436) 
p Nitro benzene-azo m-xylene azo resoroin 
NO, C«H4— N,-C«H,Me,— N,— 0,H,(0H),. 
[231°] Brown powder Forms orange solutions 
m boiling alcohol, toluene, and glacial acetic 
acid Solution m aloohohc NaOH is red, turned 
violet by excess of NaOH. Cone H,S04 forms 
a blue solution (Meldola, C J 43, 436) 
j>-0zy benzene p-aso benzene (a) azo-(a) naph- 
thol C4H.(OH)~N,— C,H4— N,— Oj^H, OH 
From diazotised p amido benzene azo (a)- 
naphthol and an alkaline solution of phenol 
(Meldola, C J 47, 665) Dark amorphous 
powder Its solution in cone H,S04 is indigo- 
blue, in boilmg toluene, orange, m alcohol, 
red , in KOHAq, dull red , and m alcohohe 
NaOH, deep claret colour 

p Oxy- benzene -p - azo - benzene-(a)-ase-(3)- 
naphthol HO 0,H4~N,— C.H4-.N,— C^JI^fOH) 
[225°] From p amido-benzene azo (3)-naphth^ 
by diazotising and mixmg with an alkaline 
solution of phenol (Meldola, C J 47, 666) Be.1 
warty concretions Its solution in oono £[,804 
is bluish green, and becomes violet on dilution. 
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Its solution in boiling toluene, or boiling alcohol, 
IS red Its solution in KOHAq is reddish violet 
m-Di oxy.bensene ^aso-bensene (a) aso (a), 
naphtbol 

[4 2 1] C„H.(OH),— N,-CA-N,-0,A(0H) 
Formed by mixing diazotised p amido-benzene- 
azo (o) naphthol with a solution of resorcin in 
dilute NaOH (Meldola, C J 47, 666) Bronzy 
green powder , si sol toluene and acetic acid, 
forming a red solution Its solution in KOHAq 
IS blue , its solution in NH,Aq is violet It is 
decomposed by heat without fusion 

m Di oxy benzene -p azo benzene-(a) azo (;3) 
naphthol 

[4 2 1] C,H,(OH),-N,-CaH,-N,^C,„H« OH 

Fiom diazotised p amido benzene azo (3) naph 
thol and an alkaline solution of resorcin (Meldola, 
C J 47, 666) Bronzy green powder Its solu 
tion in cone H^SO^ is deep bluish green , m 
dilute aqueous alkalis, violet SI sol toluene 
forming a red solution 

m Oxy>benzeae azo beiLzene*^azo phenol 
[3 1] HO C,H,-N2— C«H,— Nj- C«H, OH [1 4] 
bark powder Easily soluble m alkalis Formed 
by diazotismg amido benzene m azo phenol 
(OjH^(OH) — Nj — CgH^ NHj) and combining it 
with phenol (Wallach a Schulze, B 15, 3021) 
p Oxy benzene azo benzene p azo phenol 
[4 1] HO C«H^— Nj— C,H,— Nj— C«H, OH [1 4] 
[o 207°] From diazotised amido benzene p 
azo phenol and a solution of phenol in dilute 
alkali (Meldola, C J 47, 660) Amorphous 
brown powder Its solution in cone H^S 04 is 
violet, unchanged on considerable dilution , v 
sol NH^q and KOHAq forming a red solution, 
insol boiling toluene , forms an orange solution 
in hot phenol or aniline 

m Di oxy benzene p azo benzene azo re> 
sorcin 


[4^ 1] 0,H.(0H),-N,-C C^,(OH), [1-2 4] 

From diazotised p amido benzene azo resorem 
and an alkaline solution of resorcin (Meldola, 
C J 47, 661) Dull bronze like powder, v si 
*ol alcohol, insol toluene Its solutions m 
oonc HgSO^ and in alkalis are violet 

Oxy carboxy- benzene -azo benzene (a) azo- 
(jS) naphthol 

(4) (3) (1) (4)(a) O) 

C^,(CO H)(OEn-N,-C,H -N N-C,„H,(OH) 
[above 255°] From diazotised p amido benz 
ene azo-salicylic acid and an alkaline solution 
of (/3) naphthol (Meldola, C J 47, 668) Minute 
brown needles (from boiling aiTiline) V si 
sol boiling toluene, si sol alcohol and glacial 
HOAc Its solution m cone H^SO^ is greenish 
blue, changing to violet on dilution Its solu- 
tion in KOHAq is reddish violet 

Oxy > cymene - azo - tn - phenyl - methane - azo- 
thymol 

[6J 4 l]C.H^err(OH>-N,-aH«.^CITPh 

[170°] Formed by mixing diazotised diamido- 
tn phenyl methane hydrochloride with an alka 
Ime solution of thymol (Maazara, O 15, 44) 
Amorphous black powder After reduction and 
oxidation it gives thymoquinone 

(a) - naphthalene - azo • benzene (a)- 

naphthol 

(a) (aX4) (l)(a) (a) 

C„H„(OH)~N N N— C,aHa(OH) 

Formed by diazotismg p amido benzene azo- 
(«) naphthol and minng the product with an 


alkalme solution of (a) naphthol (Meldola, 0. /• 
47, 664) Green lustrous powder, v si soL 
glacial HOAc, alcohol, and toluene, m sol 
boalmg aniline, forming a red solution Its 
solution in NaOHAq is blue, in cone H^SO. 
blue, turned violet on dilution With Ao^O and 
NaOAo it forms on heating a d^-aoetyl 
derivative 

(jB) Oxy (a) naphthalene-^ -azo -benzene (a)- 
azo {$) naphthol 

(/3) (aXD (4Xa) (fl) 

C.oHa(OH)-N N-CaH^— N N-C,oH„(o!h) 
[over 276°] From diazotised p amido benzene- 
azo (j3) naphthol and an alkaline solution of (j3)- 
naphthol (Meldola, C J 47, 664) Dull bronzy 
powder, or green needles (from hot aniline) 
Insol boiling alcohol, or NaOHAq , sol cold 
alcoholic NaOH, forming a violet solution 81 
sol hot toluene formipg a magenta solution 
Cone H^SO^ forms a blue solution, turned 
violet on dilution 

(a) Oxy naphthalene p azo benzene azo (i?)- 
naphthol 

(«) (aXD (4Xa) O) 

C,oH,(OH)-N N-C„H 4 — N N-C,oH«(OH) 
[236°] From diazotised p amido benzene azo- 
(o) naphthol and an alkaline solution of (/ 8 ) 
naphthol (Meldola, C J 47, 665) Dull bronzy 
powder, v si sol boiling alcohol , m sol boil 
ing toluene and glacial acetic acid formhig 
violet solutions , cone H^SO, forms a blue solu 
tion, becoming violet on dilution 

(a) Oxy naphthalene p azo benzene azo (3) 
naphthol di sulphozuc acid 

(a) (a)(1) (4) (p) 

0„n,(OH)— N N-C,H,-N N-C,eH (SO,H).(OH) 
From diazotised p amido benzene azo (a) 
naphthol and an alkaline solution of ( 3 ) naphtnol 
di sulphonic acid Its sodium salt is violet and 
gelatmous , it is an mdigo blue dye (Meldola, 
C J 47, 665) 

(i 8 ) Oxy naphthalene azo -benzene azo (/B) 
naphthol di snlphonio acid Is similar to the 
last body, but of greater stabihty (M ) 

Oxy di snlpho naphthalene azo benzene azo- 
(/ 8 ) naphthol di snlphonio aoid 
C,oH«(SO^),( OH)— N,- C.H,— N,— 0,oH/SO^ ).(On ) 
Glistemng greenish needles Dyes wool and 
Bilk a deep indigo blue, which, however, is very 
unstable to light Is prepared by diazotismg 
the mono acetyl derivative of p phenylene di 
amine and combining it with {&) naphthol di 
sulphonic acid (modihcation insoluble in spirit), 
the product C,H 4 (NHAc) N 2 . 0 ,oH 4 (OH)(SO,H) 3 , 
which IB a scarlet colouring matter, is saponihed, 
diazotised, and again combmed with (jB) naph 
thol di sulphonic acid (Nietzki, B 17, 844, 1350) 
Phenyl amido- benzene -jp- azo -benzene azo- 
(jS) naphthol 

HO O.oH,— N,-CaH 4 — N.-C^H^NHO^H^ 
[204°] From p amido benzene azo di phenyl- 
amme by diazotismg and adding sodium (^)- 
naphthol (Meldola, C J 43, 442) Warty scalei 
with bronze lustre 81 sol boihng alcohol, v 
sol benzene The solutions are red In glacial 
acetic acid the solution is red when hot, violet 
when cold. 8 olution in cone HjSO^ is greemsh- 
blue, solution in alcoholic KOH la red but 
turned blue by HGl (charactenstio) 

Phenyl ethyl -amido -benzene aso-beniene* 
aso 10 ] naphthol 

HO C.H 4 NEt.CA 
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From p diazo nitro benzene by combining with 
ethyl m phenyl amine, reduemg with ammo- 
nium sulphide, diazotiBing the product and 
treating with (0) naphthol Bronzy powder 
Solutions in alcoholic KOH, alcohol, and ben 
zene are red , in cone H^SO^ indigo blue, turned 
bright blu# on diluting HCl turns the alcoholic 
solution blue (Meldola, C J 45, 111 ) 

p Snlpho benzene azo benzene azo • (&)• 
naphthol \&) sulphonic acid 

(4) (i)(i) (4)(«) m (fi) 

O,H*(S0,H)-N N-C.H.-N N— 0,.H,(S0,H)(OH) 
From diazotised p amido benzene azo benzene 
sulphonic acid and an ammoniacal solution of 
sodium (/3) naphthol ‘o’ sulphonic a.cid (Bayer 
a Co , B 16, 1351) The sodium salt is a scarlet 
dye (croceine scarlet) Cone H^S 04 forms a 
blue solution The absorption spectrum has 
been studied by Haitley (C J 61, 195) 

p Sulpho - benzene a^ benzene azo tolylene 
diamine 

C„H 4 (S 0 ,H)— N,— C«H 4 — N,— C,H 4 (NH 2 ), Bed- 
dish brown microscopic needles Formed by 
combining diazo benzene azo benzene p sul 
phonic acid with tolylene diamine (Griess, B 
16, 2036) 

Sulpho benzene azo di- phenyl di isomdole 
azo benzene sulphonic acid 

C,H,-Na— C«H 4 (S 0 .H) 

yK 

C.H.C — CH 
C„H„N,S,0, or I I 

HO — CC,H, 

(!).H,-N,-O.H,(SO,H) 
Formed by the action of diazo benzene sulphonic 
acid on di phenyl di isomdole Metallic glisten- 
ing brown scales Very slightly soluble in all 
solvents Dyes silk and wool nearly the same 
shade as chrysoidme On reduction it gives 
Bulphanihc acid and di amido di phenyl di iso- 
indole 

Salts — A"N aj aq yellow plates — A'Ag^ 
red prisms ^Mohlau, B 15, 2495) 

Sulpho - oezLzene azo- sulpho benzene (a) azo- 
(0) naphthol 

C,H4(S0,H)— Na— C.H,(SO,H)— N,— C,oH,OH 
From diazo sulpho benzene azo benzene sul- 
phonio acid and an alkaline solution of (0) 
naphthol (Nietzki, B 13, 800) The sodium salt 
IB a red dye {Btebnch scarlet) Cone HaS 04 
forms a green solution Its absorption spectrum 
has been studied by Hartley (C J 61, 194) 
Sulpho - benzene - azo-sulpho - benzene - (3) • 
azo-naphthyl p tolyl-amine (‘ Wool black ’) 
CeH 4 (SO,H) N, O.H,(SO,H) N, C,oH^NHC,H, 
The ooml product is a bronzy powder V sol 
hot water with a violet blue colour Dissolves 
in oono H 2 SO 4 with a deep indigo blue colour 
Formed by combination of diazotised amido 
sulpho benzene azo benzene sulphonic acid with 
P tolyl {0) - naphthylamine By boihng with 
moderately dilute it is decomposed mto 

tolu (a0) naphthazme [169°] and amidoazo benz- 
ene 01 Bulphomo acid 
OA(SO,H)-N,-OJB[,(SO,H)— N,— 


The Ca and Ba salts are ihsolnble black pps. 
(Witt, B 20, 679) 

p Toluene azo m diamido- benzene -azo (/3)- 
naphthalene CA(NH,),-Na-OjoH^ 

Formed by the combination of p-diazo-toluene 
with (0) naphthalene azo-w-phenylene diamine 
(Gness, B 16, 2031) Small red ghstemng 
plates V sol chloroform 

p Toluene azo ethyl-pyrrol p azo-toluene 
C,H,-N3— C^HjNEt— Nj— C;H„ 


CflH^Me N, g=CH 
probably ]^Et| [180°] 

C^H^Me Nj C=CH 

Formed by ethylation of toluene azo pyrrol azo- 
toluene , or by combining diazo -p toluene 
chloride (2 mol ) with ethyl pyrrol (1 mol ) in 
alkaline solution Steel blue needles SL sol 
alcohol (0 Fischer a Hepp, B 19, 2254) 
Toluene-azo-dioxy-bcnzene azo-toluene 
C,H, — Nj — CaH 2 (OH) 2 — Nj — C,H, By the action 
of p diazotoluene chloride on an alkaline solu 
tion of p toluene azo resorcin two isomendes 
are formed which are separated by their dif 
ferent solubilities in alkalis 

{ayCompound [266°] Yellow felted needles. 
Sparingly soluble m alcohol and cold chloroform 
( 8 ) Compound [203°] Brownish black 
microscopic needles (AVallach, B 16, 2825) 
Toluene-azo-tnoxybenzene azo-toluene 


C^H^Me— Nj— CeH(OH),— Nj— C^H^Me Long 
red needles Prepared by the action of diazo- 
toluene nitrate on phloroglucin (Weselsky a. 
Benedikt, B 12,227) 

Toluene-azo -pyrrol-azo-toluene 
0,H,— N 3 — C^H^NH-Nj— 0,H;, 

C^H^Me N 2 C=CH 

probably NH I [179°J 

C.H^Me^Na C=CH 

Formed by adding (2 mols ) diazo p toluene chlo- 
ride to an alkaline solution of pyrrol (1 mol ) 
Bed prisms with steel-blue reflex SI sol 
alcohol Its alcoholic solution is turned reddish 
violet by cone HCl Dissolves in cone H^O| 
with a blue colour (0 Fischer a Hepp, B 19, 
2254) 

Toluene-o-azo-toluene-azo-(a)-naphthol 

(4) (1) ( 6 ) (2) 

0A(CH,)-N2-~CeH,(CH3)-N2-0„Hj 
N— N— 0,oHe(OH) 
or OA(CH.)<; I I [ 210 °]* 

\N-N-C,H 4 (CH,) 

Formed by combmation of 0 diazo azo toluene 
with (a) naphthol Brownish red needles (from 
aniline) SI sol ordinary solvents Insol 
aqueous NaOH, sol alcoholic NaOH with a 
violet red colour By SnCl, it is slowly reduced 
to amido (a) naphthol and tolyl azimido toluene 
C 7 H 4 N, 0,H„ together with small quantities of 
p-toluidine and tolylene-o diamme (Zmeke a. 
Lawson, B 20, 1178) 

Toluene-o-azo-toluene-aso-(j 8 ) -naphthol 
(4) (1) ( 6 ) ( 2 ) (^) 

0,H4(CH,)-X-OA(OH,)-N,-0,oH4(OH),or 

N~-N- 0 ,oH 4 (OH) 

C,H,(CH,)< I I [177°] Formed 

\l!f-^N-~C.H 4 (CH,) 

by combmation of 0 diazo azo-toluene with 
(0) naphthol liong dark red four sided pnama, 
with green reflex V. sol benzene, and chloro- 
form, el soL alcohol, acetone, and petroleum- 
■pint Dissolves in aloohokc NaOH ooi/ sUgbtly. 
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By 8ik04lt ig reduoed to (a) amldo (Q naphthul 
andtolyl-aEimido toluene N, 0^, together 
with small quantities of p-toluidine and tolylene- 
0-diamine (Zmoke a. Lawson, B 20, 1179) 

TolnenS'^asO'tolaene aso-/3*naphthol 
(2) (1) (3) (4) (fi) 

C.n,(Clf,)--N,-~CA{CH3)-K,--C,oH,(6H) 
fl86°] Formed by (jombmation of p diazo azo- 
toluene with (/3) naphthol Deep red needles 
V soL hot alcohol and benzene By SnCl, 
it 18 easily reduced, giving (a) amido (jS) naph 
thol, o toluidine, and tolylene - p - diamine 
C,H,Me(NHy, [1 2 6] (Zmcke a Lawson, B 20, 
1182) 

Tolnene-o - aso - toluene -azo - (0) - naphthyl* 

(4> (1) (5) (2) (0) 

amineO^,(CH,) N^CA(CH3) N, C,oH«(Na,),or 
the corresponding hydrazunido formula [203°] 
Formed by combination of o diazo toluene azo 
toluene with (0) - naphthylamme Deep red 
ghstenmg plates V sol benzene and chloro- 
form. By SnClj it is reduced to tolyl azimido 
toluene 0;H« N,C,H, and (probably) naphthyl- 
ene-o-diamine (Zmcke a Lawson, B 20, 1180) 

AZO- COMPOUNDS, TEETIAEY 

Ozy-benxene jp-azo-benzene (a) -azo-naphthal- 
ene-azo-phenol 

HO N.— OH 

From NHyC^Bi. — N, — C,oH^ NH, by diazotismg 
and adding sodic phenate (Meldola, C J 43, 
489) Dull bronzy green powder Forms 
orange solutions with boiling aniline or toluene 
Solution in alcoholic KOH is violet, m cone 
H,S04, mdigo blue 

Di-ozy-benzene p-azo-benzene-(a) azo-naph- 
thalene-azo-resorcin 

Brown powder Its solutions are dull red m 
alcohol, violet m aloohoho £OH, bluish green 
in cone H3SO4 

(3) - oxy -naphthalene-p-azo-benzen6•(a)-azo- 
llaphtbalene-azo {0} naphthol 

HO 0,.H,-N.— N,— 0,.H, CH 
Formed by diazotismg amido benzene azo ()3)* 
naphthylamme NH2,C,H4 Nj C,oHa NHj and 
treating with an alkalme solution of {0} naphthol 
(Meldola, C J 43, 437) The pp may be 
separated by crystallisation from hot aniline 
into two modifications, one remaining in solu 
tion, the other separatmg as needles with green 
lustre 

Crystalline form [c 295°] Insoluble 
In boilmg alcohol, acetone, or glacial acetic acid, 
hardly soluble m chloroform or benzene Forms 
violet solutions with aniline or mtrobenzene 
Solution m cone HjSO^ is deep inky blue 
Alcoholic KOH forms, with difficulty, a blue 
solution 

Soluble form — Soluble m the above 
tiqnids. Its solution m boihng glacial acetic acid 
is violet when hot, blue when cold Solution in 
oono H«S04 is clear indigo blue Alcohohc 
potash fonns a violet solution 

Di snlphonio acid — From (^)-naphthol- 
•nlphomo acid and diazotised 

(«)-Oi^<«aphthaleiie<« aso -benzene - (a) -azo- 
Aaphthalene-aso-(a) naphthoL Similar to the 
receding Bronzy powder, forming a blue solu- 
bon in alcoholic KOH, and an indi^bliie solu- 
Hon with oono H.SOm 


(^)-0zy-naphthalelle -p • aso - beasent-ate- m 
xyleiie-aso-{)9)-ai^t]iol 

From NEC2.C4H4 N^OfBE^e^NH, by diazotisii^ 
and adding sodium (0) naphthol (Meldola, G f, 
43, 439) Small graen needles (from xylene). 
Its solution in aniline is reddish yolet , in 
xylene, violet, m hot alcoholic KOH, bluish- 
violet , m cone H2SO4 greenish blue, becoming 
blue on dilution It is insoluble m cJcohol and 
m glacial acetic acid Its sulphomc acid dyes 
Bilk and wool dull violet 

Tri-oxy-tn-naphthalene-hexa-azo-tri-phenyl- 
carbinol HO C(C„H4 — Nj — C,,H^OH),* From 
diazotised para rosanilme and (a) or (0) naph- 
thol m alkalme solution (Meldola, 0 J 47, 
668) Orange amorphous powders Similar 
compounds may be got from ordinary rosanilme. 
They dye silk and wool orange 

AZO- COTION DYE» The azo dye stuffs 
obtained from benzidme and its homologues 
(Congo red, benzopurpunne, deltapurpurme, 
benzaurme, chrysamme, benzazurme, <feo ) have 
the special characteristic of dyeing cotton with- 
out a mordant This property depends upon 
the constitution of the diphenyl molecule, for 
benzidme itself (and other diphenyl bases) 
readily combines with the cotton fibre This is 
easily shown by allowing cotton to soak for 24 
hours m a cold solution of benzidme hydrg 
chloride, wnnging, drying at the ordinary tern 
perature, and washing thoroughly with hot and 
cold water , if the cotton thus mordanted with 
benzidme is now passed through a dilute solu- 
tion of nitrous acid, and finally treated with a 
solution of (a) naphthylamme sulphomc acid it 
becomes dyed with Congo red (Mohlau, B 19, 
2014) 

Tetrazo-diphenyl (diazotised benzidine) 
i forms red dye stuffs by combination with (a)- 
and (3) mono sulphomc acids of (3) naphtnol 
or with the G di sulphomc acid The B di- 
sulphomo acid (Na salt insoluble in spirit) 
however exhibits a very peculiar reaction One 
mol of tetrazo diphenyl combmes with one mol 
of the B di Bulphonate forming a dye stuff which 
18 red If two mols of the sulphonate are taken 
one moL remains m solution unused If now the 
ppd red colourmg matter is heated with the 
mother hquor, the second mol of di sulphonate 
IS taken up and a blue colourmg matter is pro 
duced A similar reaction has been observed 
with many other di-amido bodies (Schultz, B 
17, 461) 

In general, the tetrazo derivatives of diphe- 
nyl, ditolyl, (fee (obtained by diazotismg benz 
idme and its homologues) can combine with 
either bne or two mols of a phenol, amine, 
or their sulphomc and carboxylic acids The 

compounds with one mol , viz , are 

tolerably stable, and sparingly soluble , by 
boiling with water or with alcohol the unoom- 
bmed diazo- group is replaced by OH or by 
hydrogen ^hese half -conjugated diazo com- 
pounds readily combine with a second moL 
of phenol or amine, so that mixed azo- compounds 
can be thus obtained The latter bodies are 
colouring matters of vanous shades, and dye 
cotton direct without a mordant (La^e, B 19« 
ied7 . Martins, B 19. 1755) 
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Theaxo eompotindB(Hea 8 uui 7 ellow» Hessian 
purple, ooroumine, &o ) obtained by combining 
two mols of a phenol, amine or respeotive 
fulphomo aoid, or one moL of one amine or 
phenol and one mol of another, with the tetrazo* 
compound derived from di p amido di phenyl- 
ethylene its sulphonio acids, have the property 
of dyeing* anmordanted cotton from a soap bath 
The compound from (a) naphthol sulphonio acid 
dyes cotton a bluish violet, {&) naphthol-R di- 
sulphomc acid a blue, (o) naphthylamine sul 
phonic acid a red sahcylio acid a yellow, &o 
(Bender a Schultz, B 19, 3234) The di amido 
aerivatives of fluorene also give colouring 
matters which dye cotton To the class of 
cotton colours also belongs the compound which 
has recently been introduced under the name 
of ‘ Primuhne ’ This body dyes unmordanted 
cotton from an alkaline bath a greenish yellow 
It 18 an aimdo compccind and may be diazo 
tised upon the fibre By treatment of the 
cotton thus prepared with solutions of amines 
or phenols, fast colours (red, orange, and brown) 
may be pioduced (Green , priv com ) 

TBIAZOL A name given to the hypo 

HN N 

I II 

thetical C^,N, or HC CH 

(Bladin, B 19, 2598) (v Phenyl methyl tbiazol 
and Cyano phenyl methyl triazol) 

AZO-MECONIC- ACETIC ACID v Dioxy- 
carboxy-meihyl-phthalide Azo-dtoxy -phthalide 
acetic acid 

A20 DI-METHYL-HYDEOQTTINOKE v Di 

9xy benzene azo hydrcquiTume 

AZO-NAPHTHALENE t; Naphthalene azo- 
naphthalene 

TETBAZONES Compounds of the form 

N N N N Rj obtained by oxidising unsym- 
metrical di alkylated hydrazines (q v) 

AZONITTM BASES Compounds of the form 
NE[yNRR'R"(OH) (Fischer) The name has been 
also apphed by Witt (B 20, 1183) to compounds 
/NR'(OH) 
of the form X"^ | 

AZO-OPIANIC ACID is anudo hemipio anhy- 
dride, V Hemipic Acm 

AZOPHENINE C^H^N, [237°] Is formed 
by the action of a variety of azo and nitroso 
compounds (e g benzene azo aniline, toluene 
azo toluidme, phenyl amido benzene azo benz- 
ene, chrysoidine, diphenyl nitrosamine, mtroso 
di methyl anihne, Ac ) upon anihne (Kumch, B 
8, 1026) The best method of preparation con 
Bists in warming an acetic acid solution of ani- 
Ime with a mtroso- compound (e g mtroso di- 
methj^l amlme) filtenng off the crystals of azo 
phemne, washing them with alcohol and re- 
oryatallising from anihne or mtro benzene If 
the anihne is replaced by its homologues, the 
homologues of azophemne are obtained It 
forms unstable salts of violet colour It cannot 
be aoetylated. Cone H^SO^ at 100° yields a 
sulphomo aoid crystallising in violet needles, 
which form brown crystalline salts By heat 
mg with amhne hydrochlonde it is converted 
Into induhne (g u ) By heating alone at B60° 
It if oenverted into aniline, a violet inter 


mediate body, and fluorindine The latter is a 
splendid blue orystalhne colouring matter, the 
solutions of which have a beautifulred fluoresoenoe 
and a charactenstic absorption spectrum By 
reduction with SnCl^ azophenme yields aniline 
and a spanngly soluble hydrochlonde of an 
unstable base The latter, when set free by 
alkalis, rapidly absorbs oxygen from the air, and 
changes into a new colouring matter, the salts 
of which are indigo blue (Witt, B 20, 1538, 
Witt a Thomas, C J 43, 112) 

AZO-PHENYL ACETIC ACID v Exo car^ 
boxy toluene azo phenyl-acetic acid 
AZO-DIPHENYL BLUE v Induline 
AZO-PHENYLENE, now called Fhbnazine 
(2 «>) 

AZO -PHTH ALIO ACID v, Di-carboxy» 
benzene azo phthalic acid 

AZO-PYEOMELLITIC ACID 
Tetra ethyl ether A'’Et 4 [134°] , ghs 
tenmg red tnmetno tables , easily soluble m 
alcohol, ether, and acetic acid, msoluble in 
water, subhmable Formed by reduction of 
di mtro mellitic ether with zme dust and acetio 
acid It forms an unstable colourless hydro- 
chloride (Nef, B 18,2806) 

AZO-^SOECIN V Resobout 
AZO-EESOEUFIN v Resorcin 
AZO-TOLDENE v Toluene azo toluene 
AZO-TOLUIDINE v Amido toluene azo- 
toluidine 

AZ0XIM8 Amidoxims, R C(NOH) NH^ are 
produced by the union of hydroxylamine with 
mtnles , these react with acid chlondes, 
R' CO Cl, or anhydrides, (R COljO, with formation 
of alkoyl derivatives, R C(NO CO R') NH^, which 
under smtable conditions (appbcation of heat, 
or boihng with water) split off water and change 

mto azoxims R R' The azoxims 

are very volatile in the vapour of other liqmds 
or in air , many of those boiling above 200° are 
volatile even m vapour of ether They subhme 
at the ordinary temperature of the air (Tiemann, 
B 18, 1060, 19, 1476) 

Chloroformic ether acting upon benzamid- 
oxim produces an azoxim which has tlie 

character of a lactam, CgH.^ 

Phen} 1 acet amidoxim, 

Ph CH^C(NOH) NH,, 

does not produce azoxims so readily asbenz-amid- 
oxim, Ph C(NOH) NHj, but phenyl acryl amid- 
oxim (cinnamidoxim), Ph CH CH C(NOH) NH^ 
produces them with great ease 

m Amido-benzenyl-azozim-bensenyl 

C,H. [143°] Formed by 

reduction of m mtro benzenyl azoxim benzenyl 
with alcohohe ammonium sulphide Crystal- 
lises from alcohol or sublimes in long needles 
V sol alcohol, ether, benzene, and chloroform, 
insol ligroln and water By nitrous acid it is 
diazotised 

Salts— B'H Cl very sparingly soluble^ 

B',H,Cl;,PtCh spanngly soluble pp 

Benzoyl derivative 0,4H,0N,(NBD3z) : 
[218°] , ne^les , sol boiUng alcohol, ether, and 
benzene, msol water and ligroin (Sohbpff, B. 
18, 2478) 
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BexLienyl-aioxim'benienyl Oi^HigN^O t $ 
[108®] (290°) Volatile 

with steam Sublimes in long white needles 
VD (H = l)113 3 V sol alcohol, ether, and 
benziene , v si sol water 

Formatum —1 By heating the benzoyl deri- 
vative of benz amidoxim — CgHj C(NH 2 ) N OBz 
2 By heating benz amidoiim with benzoic acid, 
or with benzotriohloride 

Reactwns—lt is an extremely stable sub- 
stance, being unattacked even by strong HNO, 
or H^SO^ Long boiling with tin and HCl 
reduces it to benzonitrile (Tiemann a Kruger, 
B 17, 1694) 

Benzenyl-azoxim-benzenyl-o-carboxylic acid 
C,H, C.H, CO,H [161“] Formed 

by melting together benz amidoxim and phthalic 
anhjdride White glistening needles V sol 
alcohol, ether, and benzene, v si sol water 
and ligroin 

Balts —A' Ag white crystalline pp — 
A'jBa 4aq plates or microscopic needles — 
A'jCu bluish green pp — ATbOH white 
granular pp 

Ethyl ether heavy yellow oil 
Amide — CnHaON^ CONH [160°], micro 

Bcopic needles (Schulz, B 18, 2463) 

Benzenyl-azoxim-benzenyl m-carboxylic acid 

CA COjH [218°] Formed 

by heating benzamidoxim m carboxylic acid 
with BzCl (G Muller, B 19, 1497) White 
crystalline powder , sol alcohol, msol water 
Benzenyl-azoxim-butenyl 

(265’) Oily fluid Vola- 

tile with steam Formed by the action of butyric 
anhydride upon benz amidoxim, or by elimi- 
nating H^O from the butyryl derivative of the 
latter (Schulz, B 18, 108j) 

Benzenyl-imidoxim carbonyl 
0,H.NA » e C.H. C<^^>CO and 
C,H, 0<^^®^C(0H) Bemenyl-atoxim carbu 

nol [198°] Carbonises at about 300° Solu- 
ble in alcohol, ether, chloroform, benzene, and 
hot water, sparingly in cold water The aqueous 
solution reacts strongly acid to litmus It de- 
composes carbonates Not attacked by PCI, or 
by HCl Formed by elimidation of alcohol 
from benzenvl amidoxim carbonic ether or, 
directly, by heating benzenyl amidoxim with 
ohloroformic ether 

Salts — A'Ag white pp — A'^Cu green pp 
Ethyl derivative C^H^EtNjOa [36°] , 
soluble in alcohol, ether, <frc , nearly insoluble 
in water , mdifferent body (Falck, B 18, 2468 , 
19, 1481) 

Benzenyl-asoxim-ethenyl C,HgN,0 % e 

[41“] (244®) Formed by 

boiling benzenyl amidoxim with acetic anhy- 
ande (Tiemann a Krdger, B 17, 1696 , 18, 
1059 , Schulz, B 18, 1084) Flat prisms Easily 
volatile with steam Bubhmes at the ordinary 
(emi>erature m white needles V sol alcohol, 
«th^, and benzene, eh sol water. 


Benienyl-azoxim-propenyl 
OgH, OA (265°) Colourless oB. 

Volatile with steam Formed by the action of 
propionic anhydride upon benz - amidoxim 
(Schulz, B 18, 1085) 

Benzenyl azoxim-propenyl w-oarbo:|ylio acid 
O.H. CHj CH, C0,H [120°] Formed 

by fusing benz amidoxim with succinic anhy- 
dride White trimetno plates or prisms V 
sol alcohol, ether, hot water and benzene, msol 
ligrom It IS not decomposed by warming with 
H^SO^ 

Salts — A'Ag white crystalline pp — 
A'jCaSlaq long glistening soluble needles — 
A'jBa aq short prisms, or monoclinic crystals 
— A'jCu bluish green granular powder — 
A'PbOH granular pp 

Ethyl ether AEtf (255°), yellowish oil 
Amide C.oH^ONj CONH^ [168°], slender 
needles (Schulz, B 18, 2459) 

m Carboxy benzenyl azoxim benzenyl 

C.H.(CO,H) C.H. [218®] Formed 

by heating benzamidoxim m carboxylic acid with 
benzoyl chloride White crystalline powder 
Soluble in acetic acid, alcohol, and ether, insolu- 
ble in water and benzene The aqueous solution 
of the ammonium salt gives pps with AgNO, and 
CuSO, (Muller, B 19, 1497) 

m Carboxy-benzenyl azoxim ethenyl 

C.H,(CO^) CH, [217®] Formed 

by heating benzamidoxim m carboxylic acid 
with acetic anhydride White crystalline pow 
der Sol alcohol and ether, si sol water and 
benzene The aqueous solution of the ammo- 
nium salt gives pps with AgNO,, CUSO 4 , 
Pb(OAc) 2 , and ZnSO* (Muller, B 19, 1496) 
p Carboxy benzenyl azoxim ethenyl 

C,.H,N,0, le C.H,(CO,H) CH, 

[218°] Formed by boiling benzamidoxim jo 
carboxyhc acid with acetic anhydride Crystal- 
hne solid Soluble in hot water and alcohol, 
more sparingly in ether and chloroform The 
dilute solution of the ammonium salt gives 
pps with AgNOg, Pb(OAc), and CUSO 4 (Muller, 
B 19, 1492) 

m Carboxy-benzenyl azoxim propenyl 
carboxylic acid 

C,H,(CoJh) CHyOHs CO,H [218®] 

Formed by heating benzamidoxim-m carboxylic 
acid with Buoomio anhydride Needles SoL 
hot water, v sol alcohol and ether, si soL 
chloroform, msol benzene The aqueous sola 
tion of the ammonium salt gives sparingly 
soluble pps with AgNO,, CuSO^, and Pb(OAo), 
(MuUer, B 19, 1496) 

p . Carbexy - benzenyl - azoxim -propenyl 
carboxylic acid 

C.H,(CoiH/c<”jj®>OCHrOH,CO,H Fonned 

by heating benzamidoxim p carboxylic acid 
with an excess of sucomic anhydride Sol 
alcohol, si sol water, v si sol ether, msol 
benzene and chloroform Carbonises at a high 
temperature without melting The dilute aqueoua 



AZOXY- CX)MPOUNDa 


435 


eolation of the ammoniam salt gives insolable 
pps with OU8O4 and Pb{OAc)3, pps soluble m 
hot water with ZnS04 and AgNO, (Muller, 19, 
1498) 

Ethenyl-azoxim-benzenyl 
CH, 0,Hj [67°] Long white 

needles Begins to sublime at 70°-80° Easily 
volatile with steam V sol alcohol, ether, and 
benzene, si sol hot water, insol cold water and 
hgrom Formed by heating ethenyl amidoxim 
hydrochloride with benzoyl chloride (Nordmann, 
B 17, 2764) 

m Nitro benzenyl-azozim benzenyl 

[160°] Formed by 

the action of benzoyl chloride upon m nitro 
benz amidoxim C^H4(N0J C(NH^) NOH(Sch6pff, 
B 18,1067) White needleg Sublimable Sol alco- 
hol, ether, and benzene, insol water and ligroin 
m-Kitro benzenyl azoxim-ethenyl 

C >c CH, [109°] White 

needles Sublimable Formed by the action of 
acetic anhydride upon m nitro benz amidoxim 
C,H4(N0,) C(NH2) NOH (Schdpff, B 18, 1066) 

m Oxy benzenyl azoxim benzenyl 

0;H,(0H)C<*y^0C^. [163°] Formed by 

diazotiBing m amido benzenyl azoxim benzenyl 
and heating the aqueous solution Yellow 
needles Sublimable Sol alcohol, ether, and 
benzene, scarcely sol water, insol ligroin 

Ethyl ether 0,4H90N2(0Et) [71°] , fine 

felted crystals, soluble m alcohol (Schopff, B 

18, 2475) 

Phenyl allenyl azoxim benzenyl 
C,H. CH CH C<^^j®^C C,H, [102°] Cinna- 

menyl-azoxtm benzenyl Formed by elimination 
of from the benzoyl derivative of phenyl- 
acryl amidoxim by heating it above its melting 
point or by boiling it with water (Wolff, B 19, 
1509) Very slender white needles V sol 
alcohol, ether, chloroform, and benzene, v si 
sol cold water Sparingly volatile with steam 
Phenyl allenyl azoxim-ethenyl 
C,H,CHCHC^^j^^^OCH, [78°J Sublimable 

Colourless crystals Formed by heating phenyl- 
acryl amidoxim with acetic anhydride (Wolff, B 

19, 1609) 

Phenyl - allenyl - azoxim - propenyl - « . oar- 
boxylio acid 

O.H,CHCHO<^jj®^CCH,CH,CO,H [114°] 

Formed by heating phenyl acryl amidoxim with 
Buccmio anhydride ^Wolff, B 19, 1611) Long 
white glistening prisms Sol alcohol, ether, 
benzene, and hot water, si sol hgroin — A'Ag 
white powder 

Phenyl ethenyl-azoxim-benzenyl 
O.H.CH,0^j^®^CC.H, [82°] Formed by 

boiling the benzoyl derivative of phenyl aoet 
amidoxim with water for a long time (Knndsen, 
B 18, 1070) White needles. Volatile with 
steam V sol. idooholi ether, and benzene, 
inaol water. 


Phenyl-etheny>>atozim-ethenyl 
OJS, CH, CH. (262°) Oil. Volatil. 

With steam Formed by boiling the acetyl 
derivative of phenyl acet-amidoxim with water 
for a long time (Knudsen, B 18, 1070) 

Phenyl - ethenyl - azoxim - propenyl - w- 
oarboxylio acid 

C.H. CH, CH, CH, CO,H [60°] 

Formed by fusing together phenyl acet amidoxim 
CgHa CH.2 C(NH2) NOH and succinic anhydride 
Prismatic plates V sol alcohol and ether, si 
sol cold, water, m sol hot It is a strong acid 
Salts — A'Ag white pp — A'^Cu bluish 

green pp (Knudsen, B 18, 2483) 

Phenyl oxy ethenyl azoxim-ethenyl 

C.H. CH(OH) C<*y^>C CH, [65°] Formed 

by heating the acetyl derivative of phenyl-oxy- 
acet amidoxim C^H^ CH(OH) C(NH2) NOAo with 
water for some time Transparent needles 
Distils undecomposed, and is volatile with 
steam V sol alcohol, ether, and benzene, si 
sol cold water 

Acetyl derivative 

O.H, CH(OAc) CH, [62°], fine white 

needles , volatile with steam , sol alcohol, 
ether, and hot water, nearly insol cold water 
(Gross, B 18, 1076) 

^Toluenyl 8 zoxim benzenyl C,aH„N20 le 
C.H.Me C<^j°>C C,H. [103°] Formed by 

heating the benzoyl derivative of p tolu- 
amidoxim, H^O being split off (Schubart, B 
19, 1490) Long slender white needles V sol 
ether, benzene, and chloroform, si sol hot 
water, insol cold 

AZOXIKES — Compounds whose molecular 
formuljB may be written X"<^^^Y", such ai 

Phenazoxine CgH^cil^^^j^^CyH, and 

Naphthazoxine C,oH,<^^^^C,,H, 

They may be formed — (1) By heating aro- 
matic imido sulphides with copper oxide : 

C,.H.<’^“>C,.H. + CuS, 

(2) By heating o amido phenols with o di oxy- 
compounds " 

C.H.<™>CA+2H.0 

(Bemthsen, B 20, 942) 

AZOXY- COMPOUNDS, compounds whose 
molecular formula may be represented by 


0 

X— N— N—X They are formed by treating 
nitro- compounds with alcoholic potash or 
sodium amalgam They may be reduced to 
hydrazo compounds, X — NH — NH — X, and 
finally to two molecules of an amine, X — NH^. 
The products of nitration of azoxy oompounda 


are often unsymmetricali X- 
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p iUdohydo -btasoto asoxf* p • aldehydo-ben* 
loio add 

(4) (1) (S) (4) (1) 

CA(CHO)(CO^) N N C.H,(CHO)(CO^ 

Formed by reduction of nitro-jp-aldehydo benzoic 
acid with aqueous KCN Colourless needles 
V sol ether, alcohol, and clUoroform, si sol 
hgroin, nearly insol water Decomposes at 
about 280° It gives the ordmary reactions of 
an aldehyde 

Phenyl hydrazxde small golden yellow 
pnsms (Homolka a L6w, B 19, 1090) 
c-Aiddo-benzene-o*asozy-aiiiline 
Dt bemoyl d ertvahve 
(C«H,NHBz)aN,0 [196°] Prepared by acting 
on t^nzoyl-o-nitranilide dissolved in alcohol 
with zinc dust and adding ammonia and pla 
time chlonde Bright yellow mass, insol water, 
tl sol boiling alcohol (Mixter, Am 6, 26) 
f»Amido-ben*ene-m azoxy-aniline [c 272°] 
Dx-benzoyl derivative by 

dissolving fw-nitro benzanilide in boiling alcohol 
and adding alcoholic ammonia and powdered 
zinc together with a trace of platinum Very 
light powder with pale yellow colour Insol 
alcohol, ether, and benzene (Mixter, Am 6, 5) 
y>-Amido*benzene*p-azozy aniline 
(0«H4NH2)Np [182°-184°] Prepared by the 

action of potassio ethylate on its diacetyl de 
rivative Sol alcohol, giving a red solution 
8L sol boding water, from which it separates on 
cooling as a fibrous yellow mass (Mixter, 6,4) 
Dx-acetyl derivative (CoH,NHAc)^^0 
ra76°~278°] Prepared by the action of pow 
dered zinc and ammoma on p nitro acetanilide 
in alcoholic solution Hair like pai tides with 
light golden-yellow colour SI sol boiling 
alcohoL 

Dx-benzoyl derivative 
(GgH^ NHBz) 2N^0 [810°] Prepared by the 
action of zmo and ammonia on p nitro benz 
anihde Light yellow colour Insol alcohol 
and water (Mixter, Am 6, 284) 

o Amido-tolnene-azoxy-o-tolnidine 
[12 4] CgHgMeCNHj) NjO C«H,Me(NHJ [4 12] 
Azoxy-o toluidine [168°] From nitro o toluidme 
in alcoholic solution by sodium amalgam (Lim 
pneht, B 18, 1406 , Graeff, A 229, 644) Long 
orange silky needles (from alcohol), or yellow 
needles ^rom water) V sol alcohol, si sol 
water Converted by cone H^SO^, by molecular 
change, into amido toluene azo amido cresol 
Salts — B"H,80, 4aq needles — B"2HCL— 
B'^HgCl^tCl, — B"2HBr 

p Amido toluene azozy p toluidine 
[1 4 2] CgH,Me(NH2) N,0 C,H,Me(NH,) [2 1 4] 
[148°] Yellow nee^es Sol alcohol and hot 
water Prepared by the action of sodium 
amalgam on an alcohoho solution of mtro- 
p - toluidine — B"(HC1)2 sL soL water — 
B^HgCl^tCl, (Buckney, B 11, 1461) 

Benzoyl derivative 

CgH,Me(NHBz) N^O CgH,Me(NHBz) [290°] 
From CgH4|Me(NHB/)(N02) [1 4 2] by treatment 
with zmo and ammonia (Mixter, Am 6, 286) 
Light yellow substance, msol water and alcohoL 
Benzene jp-aiozy-aniline 
C,H,(NH2)N,OCgH^ [139°] S 4 27 at 21° 
Formed, together with benzene azo-anihne, by 


the action of ammonium sulphide on an 
alcohoho solution of benzene azoxy mtro benz 
ene (G Schmidt, A 122, 174 , Z [2] 6, 419) 
Large pale yellow tables (from ddute alcohol) 
SI sol hot water, v sol alcohol and ether 
Deduced by tin and HCl to anihne and p- 
phenylene diamine 

Salts — B'HCl silvery lanuna, saponified 
by water — B'^H^PtClg 

Benzene azozy-beozene CgHg NjO CgHj MoL 
w 198 [36°] S ^Icohol) 17 6 at 16° 

Formation — 1 From nitro benzene by the 
action of alcoholic KOH (Zmin, J pr 36, 93 , 
Basenack, B 5, 864 , Schmidt a Schultz, A 
207, 328 , Wilsing, A 216, 228), or sodium amal 
gam (Alexejeff, J 1864, 625 , Moltchanoffsky, 
J R 1882, 350) —2 From aniline by oxidising 
with KMn04 (Glaser, Z [2] 2, 808) — 8 From 
benzene azo benzene hy oxidising with CrO, 
(Petrieff, B 6, 577) ^ 

Preparation — 1 By reducing nitro benzene m 
alcoholic solution by means of sodium amalgam 
The yield is 87 pc of the theoretical (Mol 
tchanoffsky, J R 1882, 224 , Bl [2J 38, 651) — 
2 By boiling nitro benzene with sodium methyl- 
ate, prepared from methyl alcohol (250 g ) and 
sodium (10 g ), the reaction being as follows 
4PhN02 + 3CH30Na=» 

2Ph2N20 + 3HCO,Na + 3H,0 
(Klinger, B 16, 865) 

Properties — Pale yellow trimetno needles , 
msol water, sol alcohol, and ether Small 
quantities may be volatilised with steam 

Reactions — 1 When mixed with neutral 
substances (e g KaCl) and distilled it gives 
aniline, azo benzene, and other products — 
2 Ammonium sulphide has hardly any action 
upon it in the cold, but on warming it reduces it 
to hydrazo benzene — 3 8nC4 and HCl reduce 
it to aniline, very little benzidine being formed 
(Schmidt a Schultz, B 12, 484) — 4 Warm 
cone H^SO* converts it into benzene p azo- 
phenol (Wallach a Belli, B 13, 625) —6 Aniline 
hydrochloride at 230° gives violaniline (v 
Dechend a Wichelhaus, B 8,1614) — 6 Diphenyl 
amine hydrochloride heated with it gives tn- 
phenyl violaniline (Girard a Caventou, B 12, 
290) — 7 Cone HBr at 260° gives di-bromo 
aniline (Sendzmk, Z [2] 6, 266) , HI gives 
benzidine —8 PBr^ gives yellow crystals of 
C,,H,,N^Br, which are converted by aqueous 
AgNO, mto benzene azo benzene (Wengo, Z [2] 
6, 887) — 9 PCI5 added to an ethereal solution 
gives benzene azo benzene (Wengo, A 165, 202) 

10 Sodium amalgam gives hydrazo benzene — 

11 BwZpfewrotw forms benzidine sulphate — 

12 Nitric acid forms three benzene-azoxy nitro* 
benzenes {q v ) and also a tn nitro denvative 
0,2H,(N02)gNj0, [162°] (G Schmidt,-^ [2] 6, 
421) This 18 converted by CrO, mixed with 
cone HNO, at 200° into CjaH (NOjjN^O,, [102°], 
and C,2 H,(NO,),NjO„ [62°] (Petriefl, B 6, 568) 

Benzene azoxy benzene m sulphonie acid 
C,H,N,OCgH4(SOJl) [60°-70°] Very deU* 
quesoent reddish blown tables Formed as a by* 
product in the oxidation of m amido benzene- 
sulphonie acid by KMnO^ — KA'^ aq long soluble 
tables (Limprioht, B 18, 1420) 

Benzene azozj-benzene-p sulphonie aoid 
C,H,N,0 0.H4(S0,B) [below 100°] Red scales. 
V sol water Formed as a by product m tht 
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aaddatioa of lalphanfllo told bj KMnO^, tha 
yield IB about 2 — KA'2aq small yellow 

oiyetals (Lunpncht, B 18, 1420) 

Banzena-asoxy-bromo-banieiieBulplionio acid 

Cja. N,0 0,H^r(S0^ Formed as a by- 
product of the oxidation of bromo amido benz- 
ene sulphpnio acid OaH,Br(NHj)(SO,H) [4 3 1] 
with KMn04 — KA' 2aq small red six-sided 
tables (Limpncht, B 18, 1423) V soL water 
and alcohol 

Bexuiene p-azoxy-nitro-benzene 

0*H4Na0aH,N02[14] [153°] Formed together 
with the folio wmg body by the action of HNO, 
(SGI 45) on benzene azoxy benzene (Zinm, A 
114, 218) Hair like yellow needles Reduced 
by alcoholic ammomum sulphide to benzene jp- 
azoxy aniline 

Benzene-azoxy-mtro-benzene 
C^Hj NjO NOj. [49°] Needles or prisms , 
prepared as above Alfioholio ammonium sul- 
phide forms a compound C,2H9N,0(?) 

Benzene-azoxy-nitro-benzene 
CJl, NjO C,H,(NO,) [1 2J [127°] Formed by 
adding fummg HNO, (25-30 c c ) to a solution 
of benzene azo benzene (20 g ) in glacial acetic 
acid (100 c c ) at 75° Red rhombic plates Sol 
alcohol, ether, and acetone Alcoholic KOH 
gives an emerald green colouration , by long 
boiling or by treatment with sodium amalgam 
it *s reduced to a compound C^,H,gN^O (Janovsky 
a Erb, B 20, 861) 

Benzoic o-azozy-benzoie acid 
[2 1] CgH,(CO^)-N20 - C,H,(CO,H) [1 2] 

Mol w 286 [237°-242°] 

Formation — 1 By the action of KCN on o- 
nitro benzaldehyde (Homolka, B 17, 1902) — 
2 From o nitro benzoic acid by treatment with 
Bodium amalgam or alcoholic KOH (Griess, B 7, 
1611) — 8 Together with o nitro toluene by boil 
ing o nitro benzyl alcohol with aqueous KOH 
(Ja06, H 2, 57) 

Properties — Small colourless prisms , m 
sol hot alcohol, si sol ether and boiling water 
Reduced by sodium amalgam to oarboxy benz 
ene azo benzoic acid, and finally to hydrazo 
benzoic acid 

Salt— BaA"4aq 

Benzoic m-azozy-benzoic acid 
[8 1] CA(CO^) NjO CgH,(C02H) [1 3] Formed 
by boilmg m-nitro benzoic acid with alcoholic 
KOH (Griess, A 131, 92) Minute needles or 
plates Insol water, si sol alcohol and ether 
Reduced by tm and HCl to di amido-diphenio 
acid 

Biazozy-benzoic acid 

C,H.NA or CO,H C.H.<| [ l J] (?) 

Formed by reducing di mtro benzoic acid dis 
solved m NaOHAq with sodium amalgam (V 
Meyer a Miohler, B 6, 746, Miohler, B 7, 
420 , A 176, 160) An amorphous black powder, 
insoL alcohol, ether, benzene, chloroform, and 
glacial acetic acid Reduced by tm and HCl to 
aiamido benzoic acid. HNO, gives an amorphous 
nitro- derivative 

Salts.- AgA' black pp sol NH,Aq — 
BaA's black pp — ZnA', browmsh black pp 

An isomeiie acid, resembhng the above, is 
formed from (1, 2, 4)-di mtro benzoio aoid It 
u jgot attacked by tin and HOL 


m 

«^Bromo«banB6]iB-mMUMxy-lircaio-btaiBne 

[8 1] C,H;Br N,0 C,H^r [1 8] [112°] From 

m -bromo -mtro -benzene and alcoholic KOH 
(Gabriel, B 9, 1406) Bright yellow pnsms , v. 
si sol alcohol 

p-Bromo-bensene-^azozy-bromo-benzene 

[4 1] C,H,Br NjO C,H,Br [1 4]. [172°] (Hof« 

mann a Geyger, B 5, 919) , [176°] (Werigo, 
A 165, 198) From p bromo-mtro benzene by 
i treatment with alcoholic KOH or sodium amal- 
gam Yellow leaflets, v sol hot alcohol. Nitno 
acid forms a tri mtro- derivative [174°] 

Bromo - benzene -azozy- bromo -benzene snl* 
phonic acid 

C,H,Br N,0 C,H,Br(SO,H) Formed as a by- 
product of the oxidation of di bromo-amido- 
benzene sulphomc acid CaH2Br2(NH2)(S0,H) 
[1 3 6 4J by KMnO^ — KA'2aq very small yellow 
scales (Limpncht, B 18, 1425) 

m Chloro benzene m azozy chloro-benzene 
[3 1] CaH,Cl N,0 CaH.Cl [1 3] [97°] Formed 

by boilmg m-chloro mtro benzene with alooholio 
KOH (Laubenheimer a Wmther, B 8, 1623) 
Yellowish brown flat needles V si sol alcohol 
Treated with fummg H^SO, it is chiefly con- 
verted into m chloro benzene azo chloro phenol, 
only a very small quantity of m chloro benzene- 
azo chloro benzene being formed (Schultz, J5. 
17, 464) 

p Chloro benzene azozy chloro benzene 

[4 1] C.H,C1 Np CaHpi [1 4] [165°] From 

p chloro mtro benzene by treatment with alco- 
holic KOH (Heumann, B 6,910, cf Willgerodt, 
B 16, 1002), sodium amalgam (Alexejeff, Z 
1866, 269), or (in ethereal solution) with sodium 
(Hofmann a Geyger, B 6, 916) Pale yellow 
needles, si sol cold alcohol Treated with 
fummg H SO, it is chiefly converted mtop chloro- 
benzene azo chloro benzene only forming traces 
of a chlorinated benzene azo phenol (Schultz, B 
17, 464) 

Di-ohloro benzene azozy di chloro benzene 

[3 5 1]C„H3Cl2NpC,Hpi,[13 5] [172°] From 
(3,5,1) di chloro mtro benzene and aloohoho 
KHS (Beilstein a Kurbatow, A 197, 84) 

Bi chloro benzene azozy di chloro benzene 
[2 5 1]C,H,C1,NPC,H,C12[12 5] [112°] From 
p di chloro mtro benzene and alcohoho KOH 
(Laubenheimer, B 7, 1600, 8, 1623) Small 
bright yellow needles 

p-Chloro-benzene azozy chloro nltro-benzene 
[4 1] C,H,C1 Np C,H,C1(N02) [1 4 ?) [134°]. 

From p chloro benzene p azoxy chloro benzene 
and HNO, (Heumann, B 6, 912, 13, 1185) 
Bright yellow flocoulent substance V si sol 
boihng alcohol , reduced by alcohoho ammo- 
nium sulphide to p chloro-benzene azo chloro- 
mtro benzene 

Chloro toluene azozy -chloro toluene 
[6 3 1] C,H,MeCl Np 0,H,MeCl [1 6 3] [128°] 

Formed by the action of Na on an ethereal 
solution of chloro-mtro toluene (Hofmann a. 
Geyger, B 6, 919) Small needles 

m-Iodo-benzene m-az izy-iodo-bcnzene 
[3 1] C^HJ NjO OjH,! [1 3] From m-iodo-mlro- 
benzene and alcohohe KOH (Gabriel, B 9, 1408) 
Flat yellow needles , si sol cold alcohol 
p-Iodo-benzene-p-azozy iodo benzene 
[4 1] a,H,I Np 0,H,I [1 4] [200°] From 

lodo - mtro - benzene and alcoholic KOH (Gk 
Light yellow plates or scales SI. soL hot aloohoL 
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Bl methyl amldo bencene>aiozy di met&yl- 
Wdline [4 1] 0,H,NMe, N,0 0,H,NMe, [1 4] 
From p mtroso di methyl anihne and alooholio 
KOH (Sohraube, B 8, 619) Glittenng brown 
crystals , si sol water, m sol hot alcohol and 
benzene The salts are decomposed by water 
— B^HjPtCleaq 

m Kitro benzene m azoxy nitro benzene 

[8 1] 0«H,(N0„) N^O C,H,(NO,) [1 3] [142°] 

Preparation — A solution of 2 or 3 pts of 
tn di nitrobenzene in about 16 pts of methyl 
alcohol IS mixed with a solution of sodium 
methylate prepared by dissolving 1 pt of sodium 
in 20 pts of methyl alcohol A vigorous reac 
tion seta m, which is completed by 48 hrs 
cohobation , large yield Long needles V sol 
benzene, m sol ether and CSj, v si sol cold 
alcohol By heating to about 140° with strong 
H2SO4 it IS converted into the isomeric di nitro 
oxy-azo benzene C„H4(NO ) N2 CaH3(N02)(0H) 
(Klinger a Pitschke, B 18, 2551) 

p Nitro diphenyl p azoxy nitro diphenyl 
C,H4(N02) N2O C«H4 C«H4N02 [225°] From 
p di nitro diphenyl by acting on its alcoholic 
solution with sodium amalgam (Wald, B 10, 
137) Brick red crystalline powder, forms a 
red solution in cone H^SO^ Insol most 
solvents Beduced by alcoholic ammonium 
sulphide to benzidine 

Kitro<oxy-benzene<azoxy>di-nitro-phenol 
Diethyl ether 

C4H3(N02)(0Et) N2O C«H2(N02)20Et [168°] 

From HNO, and the diethyl ether of p oxy ben 
Eene p azo phenol the product is exhausted 
with water, and then treated with alcohol On 
ooolmg, the alcohol deposits the body in long 
yellow needles grouped in stars Sol ether, 
CHCl,, C3H3 and glacial acetic acid (Andreae, 
J pr 129, 337) 

An isomeric body [187°] Thisformsthe 
greater part of the product of the nitration, and 
is left undissolved when the former body is 
extracted with alcohol It is crystallised from 
acetic ether, in which it is very soluble 
o.Oxy-benzene-o-azoxy<pheaol 
C3H4(0H) N2O OH 
Ethyl ether {CttH4(OEt)}2N20 Azoxy 
phmetol [102°] By reducing a cold (0°) solu 
tion of 0 mtro phenetol (1 pt ) in alcohol (7 pts ) 
by adding sodium amalgam , on addmg water a 
pp 18 got , this IS freed from azo phenetol by 
washing with strong HCl as long as the latter 
IB coloured (Schmitt a Mohlau, J pr 126, 201) 
Properties — Colourless tnclinic plates In 
soluble m water, but melts in boiling water 
Slightly soluble in cold alcohol, insoluble m hot 
alcohol Not volatile with steam 
Biphenyl-azoxy-diphenyl 
OaH, C;H4 N,0 CeH^ C A [205°] Small 

y^ow plates Insol water and alcohol, si sol 
acetic acid Prepared by the action of alcoholic 
EOH on nitro ^-phenyl (Zimmermann, B 13, 
1961) 

Phenyl - glyoollio - 0 - azoxy - phenyl - glyoollio 
add 0N2(C,H40 CHj CO^H)^. [187°] 

Preparation — 0 Nitro phenyl glyoollio acid 
(18 6 g ), water (140 g ) and Na^jCO, (6 g ) are 
treated at 65° with sodium amalgam (166 g of 
4 per cent sodium), added in small portions 
On cooling, orrstals separate These are 
dissolved on water and decomposed by HOI 


The precipitated acids are recrystallised from 
alcohol If the mixed acids now melt aboire 
162°, they are etherified by alcohol and HCl 
The ether of the azoxy acid is less soluble 
in alcohol than that of the azo acid, it is 
crystallised from alcohol and then saponified 
(A Thate, J pr [2] 29, 152) t 

Properties — Crystallises, from aqueous or 
dilute alcoholic solutions, with aq as short 
prisms or as scalenohedra , but if left in con 
tact with the mother liquor these change to 
rhombohedra, taking up ^aq Both these forms 
are sulphur yellow At 130° they become white 
and anhydrous Dissolves in alkalis, HCl and 
glacial acetic acid The solutions are yello\\ 
Forms red solutions with HNO, and H^SO^ 
Insoluble in ether and in benzene 

Reactions —1 Lead acetate^ a yellowish- 
white flocculent pp — 2 AgNO, and BaClj, no 
pp in hot solutions, on* cooling a crystalline pp 
Salts — (NHJ2A" obtained, as a yellow 
micro crystalline pp , by passing NH, into a 
solution of the acid in absolute alcohol Its 
aqueous solution gives yellowish white pps 
with BdCl^ and Pb(OAc)2, yellow pps with AgNO, 
and Fe Cl^, and a green pp with CuSO^ — Ag^A" 
— AgHA" more soluble than the neutral salt 
BaA" 2aq 

Ethyl ef Tier — EtjA" , [114°] White silky 
needles • 

m Sulpho-benzene-m- azoxy benzene snl 
ph -me acid [3 1] C„H4(HSO,) N^O C„H4(HSO,) 
[1 3] [125°] Prepared by the reduction of 

m nitro benzene sulphonic acid with alcoholic 
KOH (Brunnemann, B 11, 1048, A 202, 240) 
Yellow needles V sol water and spirit 
A"K2 4aq needles A'(NH4)22^aq rhombic 
pillars — A"Baaq difficultly soluble prisms 
A"Ca3^aq difficultly soluble needles — A'Tbaq 
Chloride [138°] Yellowish red pillars 
Amide [273°] si sol hot water 
Salpho-naphthalene-azoxy-naphthalene snl- 
phonic acid C,oHe(S08H) N2O C,oH, SO,H From 
(a) nitro naphthalene (a) sulphonic acid and 
alcoholic KOH (Alen, Bl [2] 45, 184) V sol 
water , cone H28O4 forms a violet solution 
Salts — K2A"aq trimetnc tabular crystals 
Na^A" 2aq tables — BaA'aq — CaA' 2aq — 
PbA' 2aq 

Terephthalio-azoxy terephthaho aoid 
[6 3 1] C,H,(C02H) N2O C,H3(C02H)2 [1 6 8]. 

Yellowish plates Sol hot, si sol cold, water, 
V sol alcohol and ether Decomposes between 
250° and 280° Obtained by oxidation of 
aldehydo benzoic azoxy aldehyde benzoic acid 
N20(0,H,(CH0)C02H)2 with alkaline KMn04 
Salts — A''^(NH4)4>‘ long yellowish prisms 
A'’Ag, yellow pp (Homolkaa L6w,B 19,1091) 
lolnene azoxy bromo toluene 
C,H4Me N2O C,H,BrMe [74°] From p toluene- 
p azoxy toluene and bromine Bright yellow 
tables, V sol alcohol andether(Melms,B 8,551) 
Toluene azoxy nitro toluene 
C,H4Me N2O C,H,(N02)Me [84°] Formed by 
nitration of p toluene p azoxy toluene (Petrieflf, 
B 6, 657) Yellow needles 
Toluene-o azoxy-tolnene 
C.H4(CH,) N2O C«H,(CH,) [60°] Formed by 

passing ClgO into an ethereal solution of o- 
nydrazo- toluene (Petnefif, B 6, 667) 

Preparation — 10 pts of o-nitro toluene are 
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added gradnallj to a solution of 5 pis of sodium 
In 60 pts by volume of methyl alooholi the 
mixture being finally oohobated on the water- 
bath for 3 or 4 hours 

Propdrtua — Large yellow needles or plates , 
the crystals belong to the dimetrio system, 
a 6- 8410»1 

Reactions — By distillation with iron powder 
it yields 0 azotoluene and a little toluidme It 
also yields o azotoluene by heating with HaSO^ 
(Klinger a Pitsohke, B 18, 2553) 

p Toluene p asoxy-toluene 
CXMe NaO C«H,Me [70°] (M ) , [69®] (P) 
From p nitro toluene by reducing it in alcoholic 
solution with sodium amalgam (Melms, B 3, 
561, Petneff, Z [2] 6, 264 , [2J 6, 30 , 6, 667) 

V sol alcohol and ether 

Bromine gives a bromo derivative, [74°], and 
a di-bromo- derivative [1^8°] 

Nitric acid gives a nitro derivative [84®], a 
di nitro derivative [146°], and a tri nitro- deri- 
vative [201°] 

AZOXYLENE V Xylene kzo xylene 

AZOXY NAPHTHALENE v Naphthalene 
azoxY naphthalene 

AZOXY PHENOL v Oxy benzene azoxy- 
phenol 

AZOXY DIPHENYL v Diphenyl azoxy 
diphenyl 

*AZ0XY TOLUENE v Toluene azoxy toluene 

AZULENE or Azulin Blue colouring matter 
present m essential oils of chamomile, worm 
wood, and millefolium Causes these and other 
oils to give an absorption spectrum, viz , three 
bands m red and orange (Hock, Ar Ph [3] 
21, 17). 


AZULKIO ACID Flocoulent 

brown pp formed together with oxamide and 
oxamic acid by passing cyanogen into aqueous 
ammonia SI sol pure water, with violet 
fluorescence , acid or alkahne solutions fitioresoe 
green Boiling water slowly converts It into 
mycomelic acid C4H^N40, Nitric acid orkMnOj 
oxidises it to azulmoxin C^HyN^O^, an orange 
powder, insol water, sol cone H.^804, the 
solution havmg a deep green fluorescence 

Hydrasulmin C4H,Na is formed by mixing 
dry cyanogen with dry NH, It forms black 
leaflets, converted by water at once into NH, 
and azulmic acid (Emmerling a Jacobsen, B 4, 
927) By the spontaneous decomposition of an 
aqueous solution of HCN containing a little NH, 
a brown pp is produced which, according to 
Gautier (A [4] 17, 168), contams an azulmio 
acid of tne formula CjHgNjO 

AZUKIN C5,H„N40, [260 6°] Small colour 
less tables forming solutions which have a 
splendid blue fluorescence Prepared by heating 
salicylic aldehyde with o tolylene diamme 
(Ladenburg, B 11, 696) 

AZYLINES Azo compounds of the form 
RjN Cj,H 4 N N CsH 4 NRj prepared by passing 
nitric oxide into alcoholic solutions of tertiary 
aromatic amines, thus, di-methyl aniline azyl- 
me is described as di methyl amido benzene 
azo di methyl aniline, di amyl aniline azyline is 
described as di amyl amido benzene azo-di amyl- 
aniline , and di ethyl anihne azylme as di ethyl- 
amido benzene azo di ethyl aniline (Lippmann 
a Fleissner, M 3, 705, 4, 284, 788, B 15, 
2136 , 16, 1421 , Nolting, B 18, 1143) 


B 


BABLAH The fruit of several species of 
Acacia The seeds and husks are rich in 
tannin 

BACCARINE An alkaloid in Baccharis 
cordifolta or ‘ Mio Mio ’ Needles, si sol water, 
sol alcohol, amyl alcohol, and ether Its aqueous 
solution 18 neutral to litmus (Arata, Ph [3] 
10 , 6 ) 

BACTEEIA — The name given originally to a 
common rod like form which is assumed in the 
course of giowth by the minute plants to which 
Nageli (6) in 1857 applied the term Schizomycetes 
hence the term ‘ Bacteria ’ is very frequently 
used to designate the whole of this group of 
organisms 

The Bacteria, BaotenaceeD, or Schizomycetes 
are a group of plants of extreme simplicitv of 
structure and very minute m size Like larger 
fungi, they are destitute of chlorophyll, and ac 
cordingiy are unable to decompose carbomc acid 
m the presence of sunhght , as a consequence 
their nutrition resembles in some resi^cts that 
of animals, since they are dependent on the 
complex chemical substances produced by other 
organisms The variety of substances contain 
ing either 0 or N, or both, which they can 
attack and make contributory to their sub 


tenanoe is very great, whilst the chemical 
changes which they bring about in these sub- 
stances aie no less varied and remarkable The 
exact nature of these changes and the relation 
of the Bacteria themselves to the substances 
upon which they feed form an enormous field 
of inquiry which has only recently been looked 
at by chemists, and that, as yet, very cursorily 
The study of the forms presented by different 
kinds of Bacteria m the course of their growth 
IS also as yet in an incomplete state, and whilst 
it IS certain that there are kinds of Bactena 
characterised each by its particular forms, its 
particular pabulum or chemical food, and by its 
particular chemical operations resulting in the 
formation of definite chemical products from the 
breaking up of the appropnate pabulum, we do 
not yet know in any large number of oases 
whether a particular form is constantly asso- 
ciated with particular chemical conditions and 
results, or whether it is possible under modified 
conditions for a given form to change its chemical 
and physiologic^ activities In a certain number 
of cases we do know that modified chemical and 
physical conditions will cause a given form in 
the course of its growth to aoqmre a very marked 
modification of form Hence it 18 at present un 



490 


BAOTERIA* 


possible to dieorimlnate witb ftsrarftiioe different 
*flpeoie8* of Baotena^ althoagb botamstfl use par- 
ticular namee to designate those which, so far as 
our information yet goes, are characterised by 
the constancy of a certain range of form, or in 
addition to this, by the constancy of chemical 
and physiological activity By * species ’ the 
naturalist understands a group of organic forms 
the members of which may present very little 
or very great differences of form and even of 
activities as compared one with another, but of 
which it IS true, either that they actually are 
connected with one another by natural processes 
of reproduction which have occurred within 
human experience and observation, or that there 
IS good reason to suppose that they might be so 
connected within human experience Forms 
which are separated from one another by an 
interval the passage of which has not been 
witnessed and recorded by observers in the past, 
or defies experiment at the present day, are dis 
tinct species We have not by experimental 
breeding produced a horse from an ass or an ass 
from a horse, or both from a third form, and 
we have no record of obseivations leading to 
the inference that such a passage has occurred 
within human experience, hence the horse and 
the ass are distinct species On the other hand, 
we have traditional and experimental evidence 
of the production of the varieties of fancy pigeons 
from the Rock Pigeon, and conversely we know 
that from the most fantastic of fancy pigeons the 
Bock Pigeon can be produced in the course of a 
few generations hence the Rock Pigeon and the 
Tumbler, Pouter, Fantail, Carrier, <fec , are all 
variously modified members of one species 

It is necessary to allude to the question of 
epecies here because the progress of our know- 
ledge of Bacteria in the immediate past has con- 
sisted in an important degree in the recognition 
of the fact that a great variety of microscopic 
forms may belong to one and the same species 
of Bacterium, and because we have to expect the 
most important advances in the future from the 
endeavours of bacteriologists experimentally to 
breed by change of conditions one kind of Bac 
terium from another, and even to create experi- 
mentally new kinds, and this in spite of the 
fact that it has been unjustifiably assumed that 
the forms of Bacteria at present recognised are 
of the nature of species and immutable 

ClasBifioatory position of Bacteria — The 
nearest allies of the Bacteria among chlorophyll- 
bearing plants are the Oscillatonae and certain 
green coloured organisms (the so called B chlo 
nnum, B virens, B vinde) which, whilst iden 
tical in form with some of the Bacteria, differ 
physiologically from them in possessing chloro 
phyll The distinction between these plants and 
the Bacteria is not by any means a wide one, 
and there can be no doubt of the close genetic 
relationship of the green and the greenless 
Schizophyta, the Bactena havmg, as is the case 
in other groups of plants, lost their chlorophyll 
and acquired parasitic or saprophytic (refuse- 
eatmg) nabits port passu 

Fonxif of Bacteria — The Bactena present 
themselves either as swarmmg accumulations of 
detached cells or as hnear aggregates (filaments 
or chains) of cells Frequently the cells or 
piastids are loosely packed side by side and 


embedded in a Jelly so as to lonn 4ieelt or 
massive aggregations. The individual cells art 
usually extremely minute, being only 001 mm. 
or even less in diameter, though they may be 
larger The cells consist of a homogeneous pro- 
toplasm in which no nucleus can be detected , a 
cell wall, sometimes extremely delicitte, bounds 
the surface of the cell, consisting of * mycopro 
tern,* rarely of cellulose When the cell wall 
swells up, imbibing water, a jelly is formed m 
which the cells are set at intervals (‘ zoogloea* 
condition) The ultimate shape of the cells of 
the Bacteria vanes it may be sphencal (coccus- 
form or micrococcus), biscuit shaped or keyhole- 
shaped, like two spheres partially fused (cli- 
thndium form or bacterium sensu stricto), cuboid, 
varying from a cube to a short prism (micro 
bacillus fonn), rod-shaped (bacillus form), curved 
like a bent rod (comna form), twisted like a 
fi action of a corkscrew (spirillum form , if the 
spiral 18 not strongly marked, vibrio form) 
The most characteristic feature of these cells 
18 their power of rapid growth and multi- 
plication by fission into two equal portions 
Brefeld has observed a Bactenum, formed by 
fission, grow to the size of the parent cell and 
itself divide into two in the course of half an 
hour, each of the daughter cells repeating the 
process in half an hour In the course of»24 
hours there are thus produced from a single 
Bacterium more than a billion individuals like 
itself The constant and rapid process of binary 
fission IS what has led to the use of the names 
Schizophyta and Schizomycetes All the forms 
of cells which we have enumerated as being 
assumed by Bacteria exhibit this phenomenon. 
But it IS not necessary that the results of the 
fission should separate entirely from one another 
Frequently such separation occurs, and m 
the forms known as clithridium (or bacterium 
sensu stricto) bacillus, vibrw, and spirillum, 
a filament of naked protoplasm is frequently 
observed hanging from each end of the fission- 
product, and by its lashing movements causes 
an active ‘ swarming ’ movement, or dartmg 
progression of the separate cells Contrasted 
with this locomoti've swarming phase we have 
to note the phase of aggregation or continuous 
growth As the result of variation m their 
pabnlum. Bacteria which were at one hour 
separating from one another after fission — may 
remain in the next hour of growth m contact — 
held by their unruptured cell walls Thus are 
produced, in place of motile swarmmg individual 
cells, aggregates or colonies which may be (1) 
linear , (2) tessellate , (8) branched , (4) reti 
form , (6) massive Any of these forms of 
aggregation may be exhibited by any of the 
different forms of cells Linear aggregates of 
micrococci are called rosary chains or strepto- 
cocens , linear aggregates of micro bacilh form 
longer bacilli and so-called leptothnx filaments , 
linear aggregates of comma shaped segments 
form spirilla , and small spirilla and vibnoa 
when agOTegated end to end form larger spirilla. 
Branched aggregation is seen m the so-called 
Cladothrtx dichotoma, where a leptothnx fila- 
ment breaks so as to allow a new line of growth 
to start at the broken surface, but without sepa- 
ration of the original continuation of the filament, 
which takes op a lateral position as a * falsa * 
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branch (fig «) Similarly mesh worka (reaem- 
bling those of the green nydrodictyon) are pro- 
duced (fig rh and very regnlar tessellate aggre- 
gates (fig q) In the latter, baciUns or ohthn- 
diiun forms may be arranged with absolute sym 
metry forming little plates of twenty or more 
eells, in mws of five or more (mensmopedia 
form| In the saroina form the grouping is 
Cuboid, * packets ’ being produced instead of 



Leptothrlx or fllamentoua form, homogeneous at one 
end divided into bacilli in the middle and into micro 
bacilli at the other end, g Spirillum (vibrio), A 
Spirillum (close spiral) with flagella, i Comma (seg 
roent of spirillum) k Homogeneous bacillus with 
flagella , 2 Ovoid or double-oone form , m Large Irre- 
gu'ar form these may occur of great sire and rarioos 
shapes, as flat discs (macroplasts) in Boot rubescens — 
Lank , n Bacillus with monilLform protoplasm not 
spores (B tuberculosis) o Sporobacillus with endo 
spores , p Rosary-chain , linear aggregate of micro- 
cocci, o Merlsmopedia-form or tablet , teasel ate aggre- 
gate of cllthridia , r Hydrodiotyon form retlform 
aggregate of bacilli, $ Oladothrix form false branch 
Ing linear aggregate of baollll , t Nostooold linear ag 
gregate, larger cocci occur at intervals in a chain of 
onalier oooci( observed iuoultivationsof B anthracis), 
a. Two micrococci embedded In jelly like envelope , 
V Leuoonostoo form a spirillnm with Jelly like en 
velope , X Zoogloea of olithridia olitbridia embedded 
in July like matrix 

* plates * Lastly, where the cell-wall swells up 
and forms a jelly, we may have the baotenan 
cells of any one shape adhering by the jelly to 
one another (fig x), and formmg spherical or 
irregular miases of jelly (zoogloea) These 
masses often are as lar^ as the hand of a man, 
and are found on putrefying hquids and solids 
There is no doubt that aU the forms of cell 
and of cell aggregates vhioh have been above 


described, and others to boot, may be exhibited 
by one and the same species of Bacterium. The 
Bactermm rubescens of Lankester [1] forms port- 
wme coloured pellicles on decaymg organic 
matter in fresh water ponds and in salt marshes, 
the protoplasm of the cells being coloured by a 
pecuhar insoluble pigment * bacteno purpurm * 
Lankester found all &e varieties of aggregation 
and of cell form (except spirilla, smee observed 
by Warming [2] and by Giard [3]), m a small 
tank m which this organism was fiounshing , 
their connection with one another was proved 
by their all containmg the peculiar colouring 
matter and by transition forms of growth The 
accuracy of these observations has been con- 
firmed by Zopf [4], and Lankester’s conclusions 
adopted by him as well as by De Bary [6] The 
species of Bacteria are said to be ‘ pleo- 
morphic * or m Lankester’s phraseology * pro- 
tean * Nevertheless it is exceedingly probable 
that not all bacterian species exhibit so wide a 
range of form as does B rubescens Some seem 
to be limited to the miciococcus and cUthndium 
cell forms, and to exist either as free swarming 
cells of those shapes, or as linear aggregates of 
the same Others again are possibly limited to 
the micrococcus form, though it is necessarily 
extremely difficult to be sure that under appro- 
priate conditions of cultivation the cell form 
and aggregation form will not change altogether, 
and, until experiments have been very carefully 
made m each case with the object of breaking 
down the limitation of form usual to this or 
that species of Bactenum, it will not be justifiable 
to dogmatically characterise a species of Baote- 
num by reference to its shape 

Spore formation The Bacteria reproduce 
with enormous rapidity by fission, but some few 
are known to produce special reproductive bodies 
which have the property of resistmg the inju- 
rious effects of desiccation and heat 

In one sense of the word * spore,’ every seg- 
ment into which a previously unbroken plastid 
or cell of a Bactenum divides is a spore A 
more special justification of the use of the term 
IS found when occasionally one of the products 
of division 18 larger or more refringent than its 
fellows Such ‘ spores ’ are recognised m the 
cultivations of Bacterium (Bacillus) tuberculosis 
None of these are sufficiently specialised as 
reproductive particles to justify thoroughly the 
use of the term ‘ spore * in regard to them In 
certain species, however, e g Bactenum subtile, 
Bactenum anthracis, and B megaterium— the 
formation of well defined endospores is oharao- 
tenstio The protoplasm within each member 
of a linear aggregate of bacillus forms separates 
centrally from itself an ovoid mass (fig o), on 
the surface of which a coat of dense myooprotein 
IS produced The bacilh themselves die away 
and decompose, but the ovoid spores remain, and 
have the power when dned of resistmg an ex- 
posure to boiling water for as much as fifteen 
minutes. This property m the 8i>ores of B. 
subtile, which are common in old !^y, has led 
to erroneous inferences as to the * spontaneous 
generation,’ or * abiogenesis,’ of Bacteria. It is 
possible, as suggested by Be Bary [5], that the 
Bactena which produce endospores are mdely 
separate (as to their origm from green fdgi^ 
fr^ the other Baotena which have no qpecMU- 
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is6d Bpores He divides the Baotena into 
Endosporea and Arthrosporea. 

^lasslfieation and nomenclature of Bacteria. 
For the present De Bary’s division of the Bao 
tena into Endosporea and Arthrosporea may be 
accepted The various generic names in use, 
euch as Streptococcus, Ascooocous, Cladothnx, 
Beggiatoa, Myconostoo, Leuconostoc, have no 
logicsJ basis, and produce a good deal of confusion 
bv a false appearance of order It is probably 
Buflicient at present to limit generic distinctions 
to the three terms Micrococcus, Bacterium, and 
Sporobacterium The genus Micrococcus com 
prises those BacteriacesB which are not at pre 
sent known to exhibit any form of plastid or cell 
other than that of minute spheres, the genus 
Bacterium contains only those Bacteriaceie which 
are known to exhibit in the course of growth 
rod like forms of plastids, as well as m many 
cases micrococcus forms and spiral and straight 
filamentous forms , the genus Sporobacterium 
includes only those formi which produce endo 
spores, the so called Bacterium (Bacillus) an 
thraois, B subtile, and B megaterium Ad 
henng to this nomenclature, we still make use 
of the terms vibrio, spirillum, bacillus, clithri 
dium, ascococcus, zoogloea, &c , <fec , to describe 
conditions of growth or varieties of cell form 
With regard to the use of specific names, it is 
well that every form or group of forms of Bac- 
tenaoeas which definitely recurs in certain con 
ditions, and seems to be, so far as observation 
has gone, distmct from other known forms or 
groups of forms, should receive a name Seeing 
that many of these names are probably but of 
temporary significance, it would be well that 
they should be as definitely descriptive of some 
feature of the supposed species as possible The 
BaotenaceaD should be named according to their 
chief properties, place of occurrence, or character 
of growth, and not after persons 

The following is a list of some of the chief 
supposed species of Bacteriaceae which have been 
described, with an indication of the mode of oc- 
currence It IS by no means an exhaustive list, 
and it IS qmte certain that some of the few sup 
posed species here enumerated will, on further 
inquiry, be found to be phases of growth of other 
•peoies 

Section A Endosporea 
Cknus Sfobobaotebium 
Species S subtile, common in hay , S an- 
thracis, in the blood of cattle, sheep, and man, 
causes the disease known as splenic fever , S ine^ 
gatenum, observed on boiled cabbage , 8 huty 
rtcum, the butyno ferment, occurs in cheese 
xnakmg, and has been confused with 8 subtile 
Section B Arthrosporea, 

Genus Bactebium 

Species B termo, the commonest form in 
putrefymg vegetable infusions, but not yet iso- 
lated and characterised, B Imeola, a larger 
form occnmng in foul ponds and sewage , B 
rubescens, the protoplasm is wme red in colour, 
the plastids and aggregates are of the most 
vaned forms, occurs in ponds on vegetable 
refuse , B dtchotoma, forming branched aggre- 
gates (cladothnx) and straight and spiral fila- 
ments, common in nver water on dead leaves , 
Kuhmana, m wells and dram pipes (Creno- 
thnz), B, mesenteivides, forming masses like 


frog spawn on the beet-root juice of sugar re- 
fineries , B tuberculosis (fig n), m the diseased 
growths of men and animads suffering from tuber- 
cular consumption or phthisis , B leprae, m the 
diseased skin of persons suffering from leprosy , 
B mallei, in men and horses affected with 
glanders , B typhosum, in the spleea and intes 
tinal glands m fatal oases of typhoid fever , B 
acidi lactici, in sour milk, the manufacturer of 
lactic acid, B cyanog'enww, in milk, causing it to 
turn deep blue , B pyocyaneum, m pus in badly 
dressed wounds, producing an emerald green 
colouring matter , B alvei, causing a disease 
in bee larv*B known as foul brood , B ure^, in 
urinals, causing the ammoniacal fermentation 
of urea , D aceti, the vinegar ferment, causing 
the conversion of ethyho alcohol into acetic 
acid, occurs in vinegar factories , B prodi- 
giosum, causing blood red staining of bread, milk, 
&c , leading to public alarm, and regarded as 
a portent , D ovatum, causing the silk worm 
d sease known as ‘ pebrme , ’ B cuntculicidum, 

I causing a specific septicaemia in mice and birds 
B cholcrcB galhnarum, in the blood and in the 
intestines of fowls suffering from chicken 
cholera , B pneunwnue crouposce, in the exuda 
tion in croupous pneumonia of man , B Kochii, 
Koch’s comma bacillus, found m the intestines 
of persons dead of Asiatic cholera (this is a 
spirillum form which breaks into comma shaped 
segments , it is not proved to have any causal 
relation to cholera) , B Finkleri, similar to the 
last but larger, occurs in ordinary diarrhoea , 
B buccale and B Lewisii, spiral and filamen 
tous forms breaking into commas which occur 
in the healthy human mouth 

Genus Micrococcus 

Species M pyogenes, m acute abscesses, 
M erysipelatosus, the cause of erysipelas in 
man , M varioke, in the pustules of small pox , 
M gonorrhcecs, probably the cause of gonorrhoea , 
M bombycis, causing the disease in silk worms 
known as flaccidezza, M ventinculi, in the 
human stomach, observed m vomit, the ‘ sarcina 
ventricuh’ of Goodsir, M scarlatina, probably 
the cause of scarlet fever in man, and of a disease 
of the udder in cows , M rabidorum, the cause 
of rabies, not satisfactorily isolated as yet , be- 
sides a list of twenty or thirty more causing 
special kinds of pysemia in such animals as 
rabbits and mibe, or producing well-marked 
colouring matters m colourless vegetable or ani- 
mal infusions, green, blue, red, yellow, purple 

For a complete enumeration of the supposed 
‘species’ of Bacteriaceas which have been de 
scribed, together with a descnption of each 
species and many illustrative figures, the reader 
18 referred to the extremely useful and trust- 
worthy treatise by Dr Edgar Orookshank, en 
titled A Manual of Bacteriology, published by 
H K. Lewis, London, 1887 Dr Crookshank 
gives complete references to the original de 
scription of every known species and to the 
subsequent literature 

Chemical relations of the Baoteriaoese — The 
above mcomplete list gives some idea of the im 
^rtanoe attaching to these mmute organisms 
It 18 an importance entirely depending on the 
variety and peculiarity of the chemical decom 
positions and reconstructions which they excite 
m the organic compounds forming either tilt 
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living or dead bodies of higher plants and 
animals Without Bacteria there would be no 
suoh thing as putrefaction, and therefore no 
circulation of the organic elements from their 
more stable compounds to the condition of albu 
mens, fats, and sugars, and back again to the 
stable remits of putrescence The earth’s sur 
face would be cumbered with tne dead bodies 
of former generations in which the carbon and 
nitrogen now serving as the food of plants would 
be permanently locked up All the evil smells 
which are not directly due to the chemist, are, 
with few exceptions, due to the action of Bac 
teria Many valuable commercial products, 
such as acetic acid, lactic acid, and flavouring 
compounds such as butyric acid, are obtained 
through their agency The pungent fumes of 
stable refuse are caused by their action on urea 
It 18 almost certain that they too are the agents 
of nitrification in the ^oil — one species of Bac 
terjum (or Micrococcus?) converting the am 
monia produced by another, into nitrates and 
nitrites Some Bacteria produce highly poison 
ous bodies by their action on the albumens of 
dead animals and plants , amongst these poisons 
are the ptomaines, which have recently excited the 
attention of chemists [6] Other Bacteria make 
their way mto living animals and plants and 
there produce poisonous decomposition products 
frem the albuminous constituents of the organ 
ism, which are reoogmsed in their effects under 
such names as splenic fever, scarlet fever, 
phthisis, rabies, &c It appears that there are 
many kinds of Bacteria which are parasitic in 
and on the bodies of men and of other animals, 
the results of whose chemical activity is not 
injurious, whilst other kinds (or possibly the 
same kinds under changed conditions) produce 
deadly results Other kinds again, it now seems 
certain, are not merely innocuous but actually 
necessary to the healthy life of the animal they 
inhabit The digestion of food in the alimentary 
canal of man and other animals is largely aided 
by the Bacteria which are present in the intes- 
tine in countless myriads, and it appears that 
the products of digestion owe their chemical 
characteristics in no small degeee to the Bac 
teria In the absence of the normal parasitic 
Bacteria the products of digestion in the human 
intestine would, it appears highly probable, be 
of suoh a nature as to act poisonously when 
absorbed into the blood When to these con 
Biderations we add the fact that the Bacteria 
are ubiquitous, abounding in the dust of the air, 
in all natural waters, and upon all surfaces 
whether of animate or inanimate objects which 
have not been chemically cleansed within a 
few seconds of their examination, some idea 
may be formed of the immense importance 
which belongs to the study of the Bactena in 
the immediate future 

UethodB of Study — At present the state 
of knowledge of the chemical relations of the 
Bactena is extremely fragmentary They were 
ongmally discovered by Leeuwenhoek [7], the 
Dutch naturahst, m the fluids of the mouth, 
and vanous forms were subsequently seen with 
the microscope m natural waters, ponds, <feo , 
and deseribed by Ehrenberg [8] and others It 
^as Theodore Schwann [9], however, who, in 
^698) demonstrated bj & simple experiment that 
VoL I 


the Bactena cause the putrefaction of orgama 
substances, and that without them there is no 
putrefaction Later, Pasteur [10], in opposi* 
tion to Liebig, extended Schwann’s observations 
and conclusions, and established the doctrine of 
organised ferments, which has proved of immense 
practical importance, and is as yet only at the 
commencement of its history The foundation 
of the experimental demonstrations of Schwann 
and of Pasteur lies in the fact that the living 
protoplasm of the Bacteria is destroyed — that 
13 to say, undergoes an irrevocable chemical 
change — when subjected to a temperature below 
or about that of boiling water Consequently 
it 18 possible, by the action of heat, to destroy 
the Bactena present m an experimental vessel 
and its contents, and to protect the contents 
from the further accession of Bacteria By this 
method, and by this method alone, it has been 
possible to prepare organic infusions, as well as 
solid gelatine, albumen, &c , which, whilst 
capable of supporting the life of Bacteria, are 
yet free from their presence for the time being 
Such substances are said to be ‘ sterilised ’ 
They can be inoculated at pleasure with Bactena 
and the effects of the inoculation studied In 
order to procure the Bacteria for inoculation in 
a state of purity, special methods have been 
devised So abundant and varied are the kinds 
of Bactena present in nearly all natural organic 
material, that any rough process of inocula 
tion will introduce many kinds of Bactena 
simultaneously mto a sterilised medium To 
separate the vanous kinds of Bacteria for the 
purpose of study of each m its isolated oon 
dition, three principal methods are employed 
The first applies, as far as is known, to but one 
kind, the Sporobacterium (BociUils) subtile The 
dry spores of this Bacterium resist the destruo 
tive effect of boiling water for as much as 
fifteen minutes, whilst all other known Bactena 
are destroyed by it Hence we have only to 
boil old hay m water for a few minutes in 
order to obtain i pure cultivation of B subtile 
The second method (due to Nageli [11]) is that of 
fractional dilution Given a liquid swarming 
with a mixture of various Bacteria, of which it 
is estimated by inspection that one individual 
in twenty is of the kind it is desired to cultivate 
Dilute the liquid to such an extent that one 
drop of it should contain but a single bactenum 
Then it is probable that every twentieth drop 
will contain a single isolated individual of the 
desired Bacterium Fifty tubes of sterilised 
nutrient material are prepared, and mto each a 
single drop of the diluted Bacterium-holdmg 
fluid 18 introduced One, or possibly more, of 
the tubes will thus be inoculated with an iso- 
lated example of the desired Bacterium, which 
will multiply in the stenhsed nutrient material 
and thus yield a pure cultivation, and can be 
recognised by the microscope The third method 
18 due to Brefeld, of Berlin By streaking with 
a needle point a imnute drop of flmd oontaimn^, 
various Bactena, over a surface of solid stenhsed 
gelatme, the vanous Bacteria will be locally 
isolated along the course of the streak Tliey 
will remain thus separated from one another 
and commence to multiply in situ With a low 
power of the microscope and a fine needle 
samples can be now removed from yariana 

FF 
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]LatohM of growth and placed in the pare oon- 
dmon in tabes of sterilised nutrient material for 
further cultivation and study Similar isolation 
IS effected by mixing hquid gelatine with a 
dilute infected liquid , when the gelatine solidi- 
fies, the various bacteria are embedded apart 
from one another, and grow in isolated patches, 
■which can then be removed and separately 
studied b-y further cultivation 

Conditions of life required by Bacteria. — 
General results (a) 

1 The first general result of these methods of 
study has been to determine the ubiquity of a 
large number of different kinds of Bacteria, and 
the comparative rarity of others More will be 
said below as to the study of the distribution of 
Bacteria in air and water 

2 The Bacteria are found to differ from one 
another in their relation to free oxygen , the 
aerobic (Pasteur) will only multiply m the 
presence of free oxygen , the anaeiobic will not 
flourish except in the absence of free oxygen, 
or at any rate are indifferent to its presence 
Thus B anthracis is eminently aerobic, whilst 
the Bacterium of malignant oedema is anaerobic 
The hay bacillus (B subtile) is aerobic, the 
butyric bacillus of cheese (very similar to the 
former in appearance) is anaerobic 

S The source of nitrogen required byBac 
teria for building up their protoplasm is various 
Very many can take it m as low a form of com 
bination as ammonia Others require it in 
higher combination, and some either i equire \t 
in the form of albumen or at any rate can take 
it from albumens It is from albumens that 
some of the most remarkable products formed by 
Bacteria result There can be little doubt that 
the first steps in this process are comparable to 
the digestion of albumen by animal cells It is 
not ascertamed that all and any Bacteria can 
attack albumens The exact range of the chemi- 
cal quality of the nitrogenous food possible to 
each species of Bacterium has yet to be deter- 
mined 

4 The carbon required by Bactena may be 
taken m as low a form as acetic acid by cer 
tain species , others can take it from tartaric 
acid , others can do with nothing lower than a 
sugar , others again require glycenn or a simi 
lar body, and others apparently require their 
carbon as well as their nitrog/' n to be presented 
in the form of a proteid Thus it results that 
many Bactena can bo nourished by solutions of 
ammonium tartrate alone, whilst the limits of 
complexity of necessary food compounds has 
vanous ranges in other species, all of which 
require accurate determination by the chemist 
Little has as yet been ascertained m this 
direction, but recently Dr Boux [12] of the 
Pasteur Institute, has made an extremely im 
portant observation sho-wing the necessity for 
extended research of the kind It was found by 
Koch extremely difl&cult to cultivate the Bacte 
nom tuberculosis, even upon blood serum kept 
at the normal temperature of the body Boux 
found that the addition of a mmute quantity of 
glycerin to the serum led to the rapid and 
abundant growth of the B tuberculosis supplied 
with that mixture , and farther, that an ordmary 
meat broth which alone cannot serve as pabulum 
for the B tuberculosis, when mixed with a 


minute quantity of glycerin acts as a mos( 
efficient nntnent medium for this species It is 
highly probable that other such special require 
meniB m regard to the chemical nature of their 
food, exist in respect of other species of Bacteria, 
whilst others again are more catholic m their 
nutrition • 

6 Water is necessary for the growth of 
Bacteria as of all living things Most Bacteria 
will flourish in the presence of that small amount 
of water in proportion to solid matter which 
suffices to constitute mere dampness or moist 
ness Bactena are not killed by partial deaioca 
tion, but none resist thorough desiccation In 
this respect important variations have been 
determined m different kinds The spores of 
the Endosporea have a special power of resisting 
desiccation 

6 There is an optimum temperature favour* 
ing the growth of Bacteria, which ranges in 
vanous species from 10‘^ to blood heat Ex- 
periments have been made proving that certain 
species of Bacteria are killed by extreme cold, 
whilst all are arrested in growth dunng expo- 
sure to the freezing temperature of water The 
most careful observations have been made in 
regard to the effects of exposure to high tempera- 
ture Exposure to a temperature of 100° for 
five minutes kills all Bacteria except those be- 
longing to the Endosporea, the spores of whioh 
can resist the effects of this exposure for half- 
an hour, and possibly longer Many Bactena 
are killed at lower temperatures {e g 80°), but 
careful experiments are wanting 

7 Experiments as to the effects of diminution 
and increase of atmospheric pressure upon the 
life of Bactena have been made, but without 
reference to particular species Diminution of 
pressure is not known to have any influence, 
whilst experiments made by the writer show 
that a pressure of thirty atmospheres does not 
hinder the development of putrefactive Bactena 
appreciably, though modifying the chemical 
results of their life processes Extremely 
high pressures are stated to be destructive of 
Bactena 

8 The influence of light is, according to the 
experiments of Downes [13], inhibitory to the 
growth of certain Bacteria, but the species so 
affected have not been determined This is in 
accordance with the absence of protective pig- 
ment in most species, and the general fact of 
their growth within turbid hquida and beneath 
the surface of sohd bodies away from the hght 

9 Like the yeast plant which creates a 
poison (alcohol) m the nutrient fluids m which 
it grows, which after reaching a certam per 
centage causes the arrest of growth and the 
subsidence of the yeast cells — so the Bactena 
are limited m their growth by the existence of 
products of their own formation These pro 
ducts have not been mvestigated by chemists 
But it appears to be established that putre- 
factive Bactena growing in a nutnent medium 
flourish for a time abundantly, then suddenly 
cease their growth and sink to the bottom of the 
vessel in which they have been growmg, although 
the nounshmg material ts not exhausted A 
farther and exact mvestigation of this pheno- 
menon by the chemist in regard to vanotu 
species of Bactena must lead to results o! the 



BACTERIA 


485 


greatest valae in relation to the praoUoa of 
preventive inoculation for disease 

10 A condition of the life of a given species 
of Bactenum is found in the presence of other 
species of Bacteria Frequently one species of 
Bacterium is the indispensable friend and 
associate 8f a second— preparing by its chemical 
activity the pabulum on -which alone the second 
can thrive An association of the kind is seen 
in what 18 called the vinegar plant, where 
Mycoderma prepares from starch the alcohol 
which the Bacterium aceti converts into acetic 
acid So, too, the Bacterium of ammoniacal 
fermentation la the antecedent of the Bacterium 
which converts ammonia into nitntes and 
nitrates Equally important is the inhibition 
and possibly the destruction of one species of 
Bacterium by another Very little has been 
ascertained on this in^ortant matter, but it 
appears that the presence of certain putrefactive 
Bacteria m a nourishing medium will actually j 
prevent the development and growth of certain j 
pathogenic species of Bacteria, although these 
are present in small numbers Apart from the 
question of possible specific incompatibility of 
two Bacteria, it appears that the question of 
quantity (u Cheyne [14]) is important A species 
of Bacterium which is at the commencement 
of^n inoculation experiment one hundred times j 
more numerous than a second species, may by | 
Its rapid development and numbers prevent 
altogether the growth of the second species 

11 The question of the conditions of life of 
the Bacteria involves the very important one of 
their toleiance of the presence of various che 
mical substances in the liquids in which they 
glow, those substances the presence of which 
18 not tolerated by the Bacterium being called 
* germicides ’ or ‘ antiseptics ’ On account of the 
piaotical importance of destroying or inhibiting 
the development of putrefactive and pathogenic 
Bacteria, a good deal of attention has been given 
to this subject by chemists, but unfortunately 
it 18 only recently in the laboratory of Koch 
[15] that experiments to determine the germi 
cidal action of chemical substances have been 
made with the necessary discrimination of the 
species of Bactena which were the subject of ex 
penment The fact is now definitely established 
that some species of Bacteria are killed by che 
mical substances which do not injuriously affect 
others, and that the amount of such substances 
which 18 effective varies m the case of different 
species The inquiry has only as yet been com 
menced, but it is of immense practical impor 
tance, since it may be possible to discover ‘ ger- 
micides ’ of a generally innocuous character 
which are specific poisons for certam disease- 
producing Bactena, whilst harmless to other 
Bactena and harmless to the higher animals m 
whose tissues the pathogemc Bactena flourish 
Thus weak solutions of quinine sulphate are 
poisonous to the BacUrxum urecR^ whilst not in- 
jurious to putrefactive Bactena Such a solu- 
tion can be injected into the human bladder 
without causing irritation, and thus the inflam 
mation resulting from the ammoniacal decom- 
position of the urine m the bladder by Bac- 
terium urece, which sometimes gams access 
thereto, can be entirely arrested In this 
inquiry the difference between actual destruo 


tion of the life of the Bacteria, and mere arrest 
or inhibition of growth due to the presence of 
the antiseptic chemical, have to be distinguished 
It 18 also needful to mquirs how far such ‘ anti- 
septics,* without killing or inhibiting Bacteria, 
may modify the physiological processes and 
chemical results brought about by the latter 
The most powerful and generally effective 
poison for Bacteria appears to be corrosive sub 
limate The presence of as little as 1 m 10,000 
of this salt m a nutrient fluid has been found to 
kill Bactena present Phenol is also a general 
and powerful germicide Boracio acid also and 
common salt in large quantities are effective 
The nature of their action and their effectiveness 
in regard to different species of Bacteria have yet 
to be accurately determined Antiseptic surgery, 
the future treatment of zymotic disease, and the 
preservation of perishable articles of food, depend 
upon the further discoveries of chemists m regard 
I to this matter It is not improbable that the 
[ most effective and useful germicides will be 
found in chemical substances which, like quin- 
ine, resemble those inhibitory products which 
are produced by the Bacteria themselves and act 
as the natural obstacles to their excessive mul 
tiphcation The more general question of the 
tolerance of or necessity for the presence on the 
one hand of free acid, on the other of free alkali 
m the nutrient fluids suited to different Bacteria, 
belongs here It has been studied in regard to 
many Bacteria in a rough and ready way Some 
Bactena will not flourish in acid media, others 
will, but accurate quantitative mvestigationi 
are still wanting 

The products of the activity of Bacteria. — 

When a species of Bacterium grows m a nutnent 
fluid of known chemical composition with access 
to a definite and limited volume of atmospheno 
oxygen — under given conditions of temperature, 
pressure, and illumination — certain ohemioal 
interchanges occur in the materials contained 
in the apparatus These can be accurately de- 
termined in certain instances, and the variation 
of the quantity of change in relation to time can 
be stated Various factors of the process, such 
as temperature, presence or absence of initial 
chemical substances, &o , can be varied, and the 
results stated and compared In no case has such 
an experiment as yet been accurately made by a 
chemist Nevertheless, we know roughly that, 
m the supposed experimental apparatus above 
indicated, there will be after a certain time an 
increase in the weight of mycoprotein and albu- 
mens existing in the form of Bacteria, and a 
corresponding diminution in the C, H, N, and 
O of the other material m the apparatus Not 
only this, but we find certam new chemical com- 
pounds present outside the actual substance of 
the multiphed Bactena which result from and 
accompany the growth and life of the particular 
speotes expenmen ted upon The same general 
statement is true of any higher organism m 
relation to its necessary pabulum , but whereas 
m large multicellular organisms the resulting 
products of the hfe of the organism are tem- 
porarily or permanently held within the mass 
of the body, m the minute unicellular Bactena 
there is no taking m or envelopment of the 
materials to be acted upon by the hving thing, 
but the organism gets mto its food instead m 
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the food getting into it consequently prooesset 
comparable to the digestive and even to the more 
deep seated metabolic processes of higher organ 
isms take place in the nutrient liquid in which 
the Bacterium lives, being initiated at the sur 
face of the swarming cells constituting the colo 
nies of these minute plants, and serving their 
economy equally as well as though they occurred 
in an alimentary canal or in a series of blood- 
vessels and tissue spaces The chemical changes 
induced by Bacteria should be studied from the 
same point of view as that taken by the physio 
logist in regard to the activities of the various 
cells of the tissues with their diverse and specific 
functions We are not yet in a position to treat 
the subject fiom this standpoint but we can dis 
tmguish with more or less certainty results 
traceable to respiration, digestion assimilation 
secretion and excretion , the chemical correla 
tives of these processes are changes described as 
de oxidation, oxidation, specific fermentations, 
epecific syntheses 

The obvvyus results of the activity of Bacteria 
(setting aside the probably universal evolution 
of CO^ and consumption of free 0 common to 
the Bacteria and all hving protoplasm) though 
by no means necessarily the most important in 
regard to their own physiology, are the produc 
tion in the liquids in which they grow of (1) 
substances having distinctive smells and fla 
vours, (2) substances having brilliant colours, 
(3) substances having eminently poisonous pro 
perties , to these may be added such remarkable 
results of oxidation as the manufacture of ni 
trates in soil, of acetic acid in vinegar factories, 
and the manifestation of hght — the phosphores- 
cence — of decaying fish, bones, and other organic 
refuse 

The chemical nature of the substances which 
are thus produced, the by products which ac 
company them, and the nature of the processes 
by which they are originated, have not yet formed 
the subject of chemical investigation to any 
large extent Such knowledge as we have is 
due to Pasteur [16], to Fitz [17], and one or two 
others 

It seems probable that we may distinguish 
amongst these results those which are due to 
synthesis, by the Bacterium acting on lower 
compounds taken into its substance, and those 
which are due to analysis resulting from the 
action of ferments and other agents secreted by 
the Bacteria and acting on surrounding material 
of a high degree of chemical complexity Of 
the nature of these ferments we know nothing , 
their existence is hypothetical but highly pro 
bable To the first category belong certainly 
many of the briDiant pigments which the Bac 
tena produce , in most cases these pigments are 
soluble and pass out from the protoplasm into 
the surrouD^ng water In Bacterium rubescens 
the wme red pigment is not soluble, and remains 
where it is manufactured m the cells of the 
plant The remarkable smellmg substances 
formed by putrescent Bacteria also belong to 
this group of built up products, and it is pro 
bable that the poisonous products of some 
pathogenous Bacteria, though not of all, are thus 
elaborated The chief experimental reason 
which we have for concluding that these bodies 
fae built up by tbQ Bacterium from lower com 


pounds 18 this that they lire formed when th« 
Bacterium is cultivated in a pure solution of 
ammonium tartrate (with traces of mineral salts) 
often called Pasteur’s or Cohn’s solution Thus 
the Bacterium of blue milk can be grown and 
made to produce its blue colour from ammonium 
tartrate, the Bacterium of green pus' similarly, 
and many of the chromogenic Micrococci, whilst 
some of the specially active putrefactive Bacteria 
manufacture foul smelling products from the 
same salt when experimentally nourished with 
it 

In regard to the second group, that of sub 
stances resulting from a breaking down of higher 
chemical bodies brought into relation with the 
Bacterium (and that probably by the action of a 
secreted ferment which may be minute in 
amount and possibly never separated from the 
surface of the Bacterium cell), we have to note 
first of all that the feiment itself belongs to the 
previous group Secondly, that various species 
of Bacteiia have been shown to produce ethylio 
and other alcohols m this way — from sugar 
and similar bodies — as does the yeast plant 
(Saccharomyces) Fitz [17] has shown that 
a certain Bacteiium converts glycerin into ethyl 
alcohol, whilst another converts it into butyl 
alcohol Other Bacteria have been shown to 
convert sugar into gum or into mannite, pyo 
ducing the so called ‘ ropy fermentation ’ of 
syrups, wme, and beer Urea is converted into 
carbonate of ammonia, hippunc acid into 
benzoic acid and glycocoll Albumens are 
broken down into bodies which have not been 
drtermined in many cases, but include the 
ptomaines, neuridine, and trimethyhm}! am 
monium hydrate Various Bacteria as well as 
the specific B lactici, produce small quantities 
of lactic acid from various substances, such as 
grape sugar, milk sugar, and glycerin, whilst 
possessing other ferment producing action also 
Butyric acid is frequently produced in these 
processes by other Bacteria as well as by the 
B butyncum of cheese factories Exact know 
ledge 18 , however, sadly deficient in these 
matters, owmg to the fact that hitherto chemists 
have not been careful to ascertain what species 
of Bactenum is present in the fermentations 
studied by them Owing to this we do not yet 
know whether m different nourishing fluids and 
under different conditions of access of oxygen 
and of temperature, the same Bacterium can 
produce different fermentations Such know 
ledge as we have tends to a positive answer to 
the above question One of the best researches 
with a known species of Bactenum is that of 
Vandevelde [18], on the hay bacillus (B subtile) 
Smce it IS probable that there is this change 
of chemical activity under changed conditions, 
It is also probable that a Bacterium which is 
harmless under ordinary conditions of growth 
may, when specially cultivated in albuminous 
media, acquire the property of living in the 
animal body as a parasite, and there cause 
deadly disease by its fermentative action, or by the 
secretion of poisonous products Buchner [19], 
starting from this theoretical consideration, has 
endeavoured to produce the deadly B anthracis 
of splenic fever from the hay bacillus {B subtile)^ 
and conversely to restore the parasitic form by 
cultivatioQ to the primitive state Eis expert- 
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itfentB, though of extreme Interest, are not con- 
clusive 

It IS difficult to hazard a guess as to whether 
the poisonous effects of any given Bacterium 
proved to be concerned in the production of 
disease, are due to the secretion of a poison by 
the Bacte|^um or to the production of one by its 
fermentative action upon the constituents of the 
blood, tissues, or intestinal contents The che 
mical theory of the antidotal action of inoculation 
with various * vaccine ’ cultivations, which is 
that favoured by their chief discoverer and in 
vestigator, M Pasteur, would seem to involve 
the hypothesis that whilst the effective poison 
IS a secretion of the Bacterium, the antidotal 
material is a chemical compound resulting from 
the fermentative action of the Bacterium, quite 
distinct from the poison This fermentation 
product by its accumulation inhibits the de 
velopment of the Bacteflum as alcohol inhibits 
the further growth of the yeast plant by the 
feimentative action of which it has been formed 
The phagocyte thooiy of Metschnikow [20] in re 
lation to preventive inoculation does not involve 
this distinction (see below) 

The oxidising action of Bacteria must be 
considered merely as a special form of their 
fermentative action By the latter they produce 
intermediate chemical substances which are 
rejtdily oxidised by the free atmospheric oxygen 
It IS probably thus that acetihcation proceeds 
when B accti converts ethylio alcohol into 
vinegar or when oigamo nitrogenous bodies aid 
ammonia in the soil are conveited into nitrites 
and nitrates There is no evidence of a specific 
oxidising action on the part of the Bacterium 
The phosphorescent substance produced in stale 
tish, old bones, meat, &c , under certain con 
ditions by certain Bacteria (as yet not precisely 
determined) may be regarded as an example of 
one of these intermediate oxidisable substances 
The oxidation in this case is accompamed by the 
evolution of light 

Special Study of the Occurrence and Dis- 
tribution of Bacteria in the Atmosphere and in 
Potable Waters — The ubiquity of Bacteria has 
been demonstrated by the use of sterilised nutn 
ent fluids If such a fluid be touched by a glass 
rod or by the finger or by any surface not chemi- 
cally cleansed. Bacteria are conveyed into the fluid 
and multiply there with enormous rapidity 
Gelatin has been used as a means of studying 
the number of Bacteria present in the atmosphere 
or in a sample of water {v Percy Frankland’s re 
searches [21]) However modified, the process is 
essentially this a given volume of air is passed 
through a liquid so as to arrest all Bacteria pre 
viously floating in the air The liquid is then 
mixed with gelatin, warmed to liquefy the gela 
tin, and rapi^y cooled as a thm layer on a plate 
The Bacteria develop at various separate points 
in the gelatin, givmg nse to spherical growths 
or nests These are then counted, and the 
species present may be discriminated by further 
cultivation Where water is the subject of in 
yestigation the gelatin is directly mixed with a 
given volume of the water The results thus 
obtamed have only a subordinate value from the 
point of view of the hygienist The majority 
of Bacteria are perfectly innocuous, and their 
prssence is not— at has been too readily as 


sumed— an indication of the probable presence 
of pathogenic Bacteria, No such natural asso- 
ciation of pathogenic and innocuous Bacteria in 
definite proportions has been ascertained, and 
its assumption is not warranted It is necessarv 
in all cases, if the results are to have hygienic 
value, to distinguish the kinds or species of 
Bacteria present and to ascertam their proper- 
ties Further, it is quite certain that all species 
of Bacteria will not flourish in gelatin even 
when mixed with peptone or such bodies For 
instance, one of the most important pathogemo 
Bacteria — that concerned in tubercular consump 
tion — will not do so A special pabulum is needed 
for this Bacterium, and its presence would not 
bo indicated by the ordinary gelatin cultiva- 
tion of the contents of a given volume of air 
Hence it seems necessary that in addition to 
careful discrimination of the Bacteria obtained 
by such expenments on atmospheric and aquatic 
distribution, there should be a systematic use of 
various cultivating media for the purpose of 
demonstrating the presence of various kinds of 
Bacteria No doubt many kinds can be secured 
by the peptonised gelatin method, but if the 
results of such studies are to have any qualitative 
hygienic significance, other cultivating media 
must be simultaneously made use of All the 
work at present done on this subject requires 
doing afresh from this point of view 

Special Study of Pathogenic Bacteria. — A 
large number of most important observations 
have been made of late years by pathologists — 
especially by Lister, Pasteur, Koch, Klein, and 
their pupils— demonstrating not only the 
presence of Bacteria in the blood and tissues of 
man and other animals when in a state of 
disease, but also proving in a certain number of 
cases that the Bactena are the cause of specific 
disease The proof, which is suflbcient, and has 
been furnished m a limited number of instances, 
consists in — 1 The constant presence of a 
definite form of Bactenum in the diseased 
animal and m the specially-diseased parts of it 
2 Its successful removal from the diseased 
animal, and its pure cultivation on media free 
from all contamination by particles of the dis- 
eased animal —3 The experimental introduction 
of the cultivated Bactenum into the body of a 
healthy animal liable to the disease in question 
but free from it— 4 The subsequent develop- 
ment of the disease in the inoculated animal 
This proof has been furnished in regard to the 
connection of B anthracis with splenic fever 
in cattle and sheep, and malignant pustule in 
man , in regard to B tvherculos%s and consump- 
tion or phthisis in man and animals , in regard 
to B eholercB galhncs and the cholera of fowls, 
in regard to Micrococcus erysipelatosus and ery- 
sipelas of man , in regard to certain Bactma and 
septiosBrnio and pytemio conditions in rats, mice, 
rabbits, and birds , and m regard to some other 
diseases of animals Such a connection is 
strongly suspected, but not yet proved in the 
complete manner formulated above in regard to 
certain observed Bacteria or Micrococci, and the 
following diseases, VIZ small pox, scarlatina, ^pb- 
thena, typhoid fever, cholera asiatica, malaria, 
yellow fever, gonorrhesa, <&o The first defiinite 
researches m this direction, which were immedi- 
ately accompamed by practioil results ol ea^ 
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mout Ytlue, were those of Sir Joseph Lister, 
who showed that the blood poisoning so frequent 
in crowded hospitals after surgical operations 
was due to the access of Bacteria to the wounds 
where they multiplied and manufactured poison- 
ous products (sepsine, ptomaines ?) which were 
absorbed into the blood Lister adopted mea 
Bures for preventing the access of these Bacteria, 
chiefly by the use of phenol and great cleanliness 
in instruments, dressings, &q , and thus estab 
lished the antiseptic system of surgery 

It is remarkable that the researches which 
have bfien made on the relation of Bacteria to 
disease have been mostly of a purely empirical 
character Almost the only investigator who has 
carried the matter further (and with the most 
brilhant results) is the French chemist Pasteur 
The fact is that the question as to what the 
Bacteria do after entering an ammal body is, 
like the question of their action on substances 
external to the body, essentially a chemical one 
Following up the observations of Toussamt, 
Pasteur [22] was led to the discovery that the 
Bacterium anthracis when cultivated m broth 
could be made to assume a condition in which 
its virulence was greatly diminished Neverthe- 
less when introduced into the tissues of a sheep, 
the cultivated Bacterium multiplied, and as a 
consequence of its growth rendered the sheep 
BO treated resistant to the attacks of the virulent 
Bacterium anthracis taken from another animal’s 
blood 

It was known that an animal which bad 
survived an attack of the virulent B anthracis 
was thereby rendered ‘ immune ’ to subsequent 
attacks, just as one attack of small pox renders 
Its survivor ‘ immune ’ in regard to that disease 
Pasteur conceived the theory that the Bacterium 
causing the disease in all such cases produces 
as a by product — independent of its specific 
poison — a chemical substance which inhibits its 
further growth (as in the case of the alcohol 
produced by the yeast plant) and that this 
substance remaining m the animal body pro 
tects it from being the seat of further growth 
of the pathogenic Bacterium The modified cul 
tivated variety of B anthracis equally produces 
this substance, and consequently acts as a pro 
tective against the mcursions of the virulent 
form. Similarly cow pox is to be regarded as 
the result of the growth of a modified small pox 
Micrococcus, and thus the protective eflects of 
inoculation with cow pox are to be explamed 
Applymg this conception Pasteur has success- 
fully protected fowls against fowl cholera, and 
has been led to his greatest triumph, the pro 
tection bv inoculation against rabies and the 
successful treatment of persons bitten by rabid 
dogs 

It IS extremely interesting and important to 
observe that the discoveries which have been 
made in this subject are due to chemical con 
ceptions. Nevertheless there is much proba 
bihty in the view put forward by Metschnikow 
^ distmgmshed zoologist, now director of the 
Bacteriological Institute of Odessa) to the effect 
that protective moculation does not depend upon 
the development within the inoculat^ animal 
of a germimdal poison, resulting from the growth 
of the very germ which is kill^ or mhibited by 
that poison, but u rather due to the educatioa i 


of the hvlng tissues, smd especially of the wliitt 
corpuscles of the blood, which, he has proved, 
attack and feed upon Bacteria which are multi- 
plying in the blood and tissues This propeity 
of the white corpuscles leads Metschnikow to 
term them * phagocytes,’ and, according to him, 
preventive inoculation depends for ijs efficacy 
on the fact that, having learnt to resist and 
destroy a weaker modification of a pathogenous 
Bacterium, they are able to deal subsequently 
with the more virulent variety, whilst it has 
been suggested that in the struggle between the 
phagocytes and the inoculated modified Bacteria, 
there must be a survival of the fittest and a 
consequent strengthening of the later generations 
of phagocytes in the protected animal 

However this may be, it is obvious that both 
the direct study of the chemical history of 
pathogenic Bacteria and the indirect suggestions 
derived from further knowledge of the chemical 
history of Bacteria of all kinds, are of an im- 
portance to human hfe and health which cannot 
be over estimated 

In connection with the study of the patho- 
genic Bacteria which attack man, it is necessary 
to insist that at present no one has attempted 
to determme the various kinds of Bacteria 
which are normally present on the surface of 
the human body, m the mouth, stomach, and 
intestines There appear to be twelve or nfore 
present in the healthy human mouth Iv Vignal, 
[23]) So strangely has this matter oeen neg- 
lected that Koch of Berlin was ignorant when 
he discovered the so called ‘ comma bacillus ’ m 
the intestines of choleraic subjects in India, 
that an identical form occurs in the healthy 
human mouth, as shown by Lewis [24] 

Spontaneous generation or abiogenesis — 
Twenty years ago experiments and observations 
were brought fonvaid by various more or less 
competent observers [25] which were interpreted 
as proving the sudden formation of Bacteria as 
living things m fluids containing the elements of 
protoplasm where no germ or living thing pre- 
viously existed It is sufficient to say here that 
these views had a valuable effect in stimulating 
the mvestigation of the hfe conditions and acti- 
vities of the Bactena, but have been definitely 
proved to be enoneous and to have arisen from 
the imperfect state of knowledge as to the 
ubiquity of Bactena and the power to resist 
the destructive effect of boihng water possessed 
by the spores of Bactenum subtile — the hay 
bacillus 

Conclusion — An endless fleld of investiga- 
tion is open in connection with the Bactena. 
It seems certain that m the near future we shall 
be able to control the disease producing forma, 
whilst the suggestion presses itself that it may 
be possible to cultivate and intensify the activi 
ties of those which act as scavengers and even 
to lead some by appropnate methods to the 
acquirement of new powers, or to the develop- 
ment of activities at present scarcely recognised. 
There is no reason, from the point of view of the 
biologist, why these lowest plants should not be 
cultivated and specialised as breeds and vaneties 
for the service of mankmd, as the peach and the 
strawberry, the wheat and the cabbage have 
bees. 
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BALANCE V Anadybis 

B ALATA. A substance resembling caoutchouc 
and gutta perch a, obtamed from the dned milky 
Juice of the Bully tree {Sapota Muellen) (Sper 
hng, Z [2] 6, 480) 

BALSAJE This term was onginally oon> 
fined to a single substance called Balm of Gilead 
or Balsam of Judea, but is now employed gene* 
rally to denote any liquid resm with aromatic 
odour They are composed of solid reams 
mixed with essential ous. Balsams of Peru, 
Tolu, Liqmdambar, and Storax, contain omna 
mic acid , Oopaiba balsam, Mecca balsam, and 
lorp^tme, do not 

FABABANIC ACID o, Paillbakio Acin. 


4m 

! BAPHIIN (0,^,.OJ. Extracted by eth« 
from barwood {Baphia niUda) Plates Or 
needles (from ether), msol water, v si sol 
benzene Its alcohohc solution is turned red 
by air Boiling aqueous KOH converts it into 
baphio acid (?), b^hnitin (04H40)„ 

and baphnitone, The latter gives a 

tri bromo derivative Cj^Hj^rsOg. 

BAPTISIA TINCTORIA The root of this 
plant contains a orystallinfs alkaloid (Greene, 
Ph [3] 10, 684) 

BARBALOlN v Aloin, p 140 
BAEBATIC ACID [186°] Occurs, 

together with usnio acid, in a lichen, Usnea 
barbata (Stenhouse a Groves, C J 37, 405 , A 
203, 302) Needles or plates (from benzene) 
Decomposed by boiling milk of lime into CO, 
and (j3) orcin 

BARBITURIC ACID 

C4H4N2O, i e CH2 <^q 

Malonyl urea Formed by heating malonic acid 
with urea and POCl, at 100° (Grimaux, C R 
88, 65, A Ch [5] 17, 276), or by reducing di 
bromo barbituric acid with sodium amalgam or 
HI Prepared by heatmg alloxantin (1 pt ) with 
H2SO4 (3 or 4 pts ) at 100° as long as SO, comes 
off The product is poured into water 

Properties — Trimetno pnsms (contaming 
2aq) from water SL sol cold, v sol hot, 
water 

Reactions — 1 Boiling aqueous potash forms 
malomcacid and urea (COjandNHj) —2 HNO, 
forms nitro barbituric (dihtunc) acid — 3 KNO, 
forms nitroso barbituric (violuric) acid — 4 Br 
forms di bromo barbituric acid — 6 Heated with 
glycerin it forms dibarbituric acid, urea, and 
ammonium malobiurate — 6 Cyanogen forms a 
compound C4H4Nj03(CN)2 aq, whence potash 
forms ‘ cyanuromalic acid ’ 

Salts — NH4HA" needles, v si sol cold 
water - Na^A" 2aq — KHA" — BaHjA" 2aq — 
PbA" — CuH^A", 3aq - AgHA" —Ag^A'^ 

Acetyl derivative C4H,AoN,Og A by 
product in the preparation of barbituric acid 
from urea, malonio acid, and POCl,. Powder, 
sol hot water 

Di methyl derivatives — I Malonyl- 
dimethyl urea CO<^^®QQ>CHr [123^. 

Fiom malonio acid, di methyl urea and PCI,, or 
from di methyl urea and cyano-acetyl chloride, 
CNCHgCOCl (Mulder, B 12, 466) Flat 
needles, v sol water Forms a di bromo-den- 
vative [176°-180°] 

II Di-methyl malonyl urea 

CO<^g PQ>CMe, [266°] From siItot bw 

biturate and Mel (Conrad a Guthzeit, B 14, 
1648) or from di methyl malonio acid, urea, and 
POCL (Thome, C J 89, 645) Plates ^rom 
water) V si soL cold water Boiling KOH 
forms di methyl malonio acid 
Salt -Ag,A"iaq 

Ethyl derivative CO<^g^^CHEt. 

[190°] From ethyl malonio acid, POCl„ and 
urea. Gives a bromo derivative 

D% af Apf derfvaftvs CO<^^|[^^OStr 
[182°]. From illveif barbiturate and EtL 
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Bentyl dertvaiive 

CO<^g C0>™ CH,Ph [206®] From 

benzyl malonio aoid, POCl,, and urea 

Additional References — Finck, A 132, 304 , 
Baeyer, A 130, 136 , Conrad a Guthzeit, B 
14, 1643 , 15, 2844 

Di-barbituric acid CgH^N^Oj The ammo 
mum salt is formed by heating barbituric acid 
with glycerin at 150° The acid is an insoluble 
powder , it gives a di bromo derivative 

Salts -NH,HA" — Na,, A." 2a<l — KH A" xaq 
(Baeyer, A 130, 146) 

BAmUM Ba At w 136 8 MoL w un 
known, as V D not determined Very little 
known of properties , doubtful if approximately 
pure Ba has yet been obtained S G abt 3 5-4 
(sinks m H^SOJ SVS abt 36 5 Chief 
lines in spectrum are 5850, 5538, 4934, 4563, 
3140 (Huggins, T 154, 139) 

Occurrence — Not as metal , chiefly as sul 
phate {heavy spar), and carbonate (withente ) , 
also as silicate in combination with silicates of 
Sr, K, or Al, and as oxide in combination with 
oxide of Mn Ba compounds occur in many 
mineral waters , in the ashes of certain plants 
(Eckart, A 100, 294) , and in small quantities 
in sea water (Dieulafait, A Ch [5] 15, 540) 

Formation — An amalgam of Ba and Hg is 
prepared in several ways — (a) by electrolysing 
BaClj mixed with a little very dilute HClAq, 
using an amalgamated Pt wire as negative 
electiode (Bunsen, A 92, 248) , (6) by electio 
lysing moist BaO using Hg and Pt as electrodes 
(Davy, T 1808 303) , (c) by bringing hot BaO 
or BaCl^ into contact with vapour of K, and 
treating the product with Hg, or by heating BaO 
with Ma and treating with Hg (Kern, C N 31, 
244) , {d) by the action of Na amalgam on cone 
waim BaCl^q (Crookes, C iV b, 194) By 
heating Ba amalgam m an atmosphere of H, or 
of hydrocarbon vapours, metallic Ba was sup 
posed to be obtained , but Donath {B 12, 745) 
asserts that it is impossible to remove all the 
Hg even at a white heat, and that the residue 
contains as much as 62 to 77 p c Hg 

Preparation — By electrolysis of fused BaCl^ 
mixed with NH^Cl, in a porcelam crucible in an 
atmosphere of H, the positive electrode con 
Histing of a cylinder of coke, the negative of an 
iron wire (Matthiessen, C J S, 294) 

Properties and Reactions — It is very doubt 
ful whether the properties enumerated by I 
different chemists as characteristic of Ba were 
determined by experiments made on even | 
approximately pure metal Davy described Ba 
as silver white , Bunsen and Matthiessen as a I 
golden yellow, shghtly lustrous, somewhat 
malleable, metal, which melts at a red heat, but 
cannot be distilled It is very easily oxidised, 
decomposes cold H,0 readily, and burns in the 
oxyhy^ogen flame As no gaseous compounds 
of Ba have as yet been obtained, and as the 
spec heat of the metal has not been determined, 
the value ta be given to its atomic weight, the 
combining weight or equivalent having been 
determined, is arrived at chiefly by considenng 
the analogies between the compounds of Ba and 
those of other alhed elements, chiefly Ca, Sr, 
Hg, 2n, and Od These analogies le^ to the 
forum' 9 BaX and BaY^ for the compounds of 


Ba, where X-O, S, SO^, 00„ &c , and Y*C1, 
NO,, CIO, &Q , these compounds belong to one 
senes The valency of the atom of Ba m gaseous 
molecules is unknown That the atomic weight 
of Ba IS represented by a number the most 
probable value of winch is about 136 8, provided 
the composition of the Ba compoupds is ex 
pressed by the general formula BaXjj, where X = 
a monovalent atom or grodp of atoms, was estab 
lished chiefly by analyses of barium chloride con 
ducted by Marignac {A 68, 216 , 10b, 165) and 
Dumas (A Ch [3] 55, 187) Ba reacts as a strongly 
! positive metal , the salts obtained by replacing 
H of acids by Ba are stable and well marked , 
BaO and BaO^Hg, BaS and BaS^^, exhibit no 
acidic characters , BaO^H^ is distinctly alkaline, 
its heat of neutralisation is the same as that of 
soda and potash (T^ l,332)rBaO H Aq,H SO^Aq] 
= 31,150, [BaO^H^Aq, 2HClAq] = 27,640 Ba 
combines with 0 and tfie halogens with produc 
tion of much heat and formation of very stable 
compounds — [Ba,0] = abt 124 000 , [Ba CP] 
= 194,700, [Ba,Br*J - 170,000 {Th 3, 266), 
these numbers are approximate only , they were 
determined mdirectly, except that for BaO, but 
the Ba used was not free from Hg Barium is 
very closely related to Ca and Sr, and less closely 
to Mg {v art Alkaxine Earths, metals of the) 

Baryta was obtained by Scheele in 1774 from 
heavy spar , Davy in 1808 decomposed barjta 
by electrolysis , the metal was obtained approxi 
mately pure in 1855 by Bunsen and Matthiessen 

Combinations — Very few compounds of Ba 
have been formed directly from the metal It 
forms alloys with a few metals , that with 
mercury (v supra, Formation) is a silver white 
body winch rapidly decomposes water and cannot 
be separated into Ba and Hg by heat alone 
Beketoff (A 110, 375) obtained an aUoy with 
aluminium, as a greyish solid with a tinge of 
yellow, by heating Al with BaO^Hj and a little 
BaClj , it decomposed H^ rapidly, but the water 
did not acquire an alkaline reaction Caron 
described alloys of Ba with lead, bismuth, anti 
mony, <fec , obtained by the action of alloys of 
these metals with Na on molten BaCl, {A 11 1« 
114) 

Detection — Many salts of Ba are soluble 
m water, some are insoluble , aqueous solutions 
of Ba salts are ppd by cone HClAq or cone 
HNO,Aq Insoluble Ba salts are decomposed 
by fusion with alkahne carbonates, giving BaCO, 
which dissolves in dilute acids Fusible salts 
of Ba impart a pale yehowish green colour to 
the nou'-luminous flame , the colour appears 
blue green through a green glass The emission 
spectrum of Ba is characteristic , it contams very 
many lines m the green , about ^^5 mgm Ba 
may be detected by the spectroscope Dilute 
sulphuric acid, or a dilute aqueous solution of 
sulphates, ppt white BaSO^, insoluble m 
alkalis and ^lute acids, 1 part Ba2NO, in 
100,000 parts of water gives an immediate 
pp , one part m 400,000 gives a cloudiness on 
standing By this reaction Ba salts are dis- 
tmguished from Ca salts, and to some extend 
from salts of Sr 

Estimation — I Ba is usually determined as 
BaBO,, which is ppd from fairly cone solutions, 
containing a little HCl or HNO,, by dilute 
HySO^Aq, the pp is coUeoled, well washed, 
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and strongly heated, before weighing If salts 
of Oa are present, CaSO^ may be removed from 
the pp by long washing with very dilute HClAq, 
or by digesting with Na^SgOiAq (Diehl, J ^ 79, 
80) which dissolves CaS 04 but not BaSO^ 
PbS 04 , if present, may be removed from the 
pp by washmg with solution of potash, or of 
ammonium tartrate — 2 In presence of salts of 
Oa and Sr, Ba is best estimated as BaSiF^, which 
18 ppd by freshly prepared H^jSiFgAq, followed 
by alcohol , after standing 12 hours, the pp is 
collected, washed with a mixture of equal 
volumes of alcohol and water dried at 100®, and 
weighed {v also Eose, P 95, 286, 299, 427) 
Bannm, alloys of, v Babium, Combina- 
tions 

Barium, antimonates of, v antimonates, 
under Antimont, acids or 

Barium, arsenates jf, v arsenates, under 
Arsenic, acids of 

Barium, arsenites of, v arsenites, under 
Arsenic, acids of 

Banum, bromide of BaBij Mol w un 
known, as compound has not been gasified 
[abt 812®] (Carnelley, C J 38, 280) 8 G 4 23 

(Schiff, A 108, 21) H F [Ba,Br-G “ 169,960 , 
[Ba,Br,Aq]- 174,940 {Th 3,26b) 

Formation — 1 By acting on BaOjH, or 
B;^, with HBrAq — 2 By adding BaS to an 
aqueous solution of Br — 3 Along with BaBrOj, 
by the action of Br on BaO^H^Aq 

Preparation — Aqueous HBr is neutralised 
by pure BaCOa, the liquid is boiled down and 
allowed to crystallise, and the crystals of 
BaBr^ 2 H 2 O are heated m a stream of dry air to 
100" 

Properties and Reactions — Crystallises with 
2 H 2 O in white tnmetnc plates (Eammelsberg, P 
65, 237) , according to Hauer {J pr 80, 230) and 
Werther {ibid 91, 167) the crystals are mono- 
olinic , the hydrated salt is perhaps dimorphous 
H F [BaBr^2HO] = 9,110 [Ba,Br^2H20] = 

179,070 {Th 8 , 266) Heated to 75° 
BaBr^ HjO remains, and at 100 ° BaBrj is 
obtained The hydrate BaBr 2 2 H 20 is soluble 
in water S (0°) 98 , (20°) 104 , (40°) 114 , 
(60°) 123 , (80^) 135 , (100°) 149 It is also 
easily soluble in alcohol S G 3 69 (Schiff, A 
108, 21 ) BaBrj is completely decomposed by 
heating to redness in dry O (Schulze, J pr [2] 
21, 407) When cone aqueous solutions of 
BaBrj and BaO are mixed so that the salts are 
present in the ratio BaBr^ BaO, crystals of 
BaBrj BaO 5 H 2 O ( = BaBrOH 2H;20) separate 
out (Beohmann, J pr [2] 26, 388 and 474) 

Banum bromide, hydrated, v Barium, bbo> 
tos OP , Preparation 

Barium, ohlonde of BaClj Mol w un- 
known, as compound has not been gasified 
[abt 860°, Carnelley] SG 3 75-8 89 (SchrOder, 
P 107, 118) 8 H. (16°-47®) 0902 (Kopp, T 

166, 71) , (14°-98°) 0896 (Regnault, A Ch [3] 
1, 129) S (6°) 82 2 , (30°) 38 2 , (60°) 43 6 , 
(80°) 62 4 , (100°) 68 8 (Mulder , v MichaeUs* 
Jjehrhuch der Anorgan Ohem 8, 660) S (al- 
cohol 99 p c 14°) 01 , (alcohol at B P ) 06 
(Fresemus, A 69, 127) H F [Ba,ClT « 
194,740. [Ba,01*Aq]« 196,810 (Thomsen) The 
following data apply to the hydrate BaC4<2H,0 
3 a 8*062 (Schifl, A. 108, 21) 3 H (18°-4b®) 


171 (Kopp, T 155, 71} B (16°) 48 6, (105°) 7B 
HF [Ba,CB,2H*0] - 201,740 . [Ba,CP,2HK)] 
7,000 {Th 3, 266) OE (cub abt 16°-200°) 
0000548 (Pla^air a Joule, C J 1, 121) 

Formation — 1 By the action of Cl on hot 
BaO (Weber, P 112, 619) — 2 By passing HOI 
over hot BaO , hght is evolved as well as heat 
or by adding cone HClAq to BaO, boiling down, 
and drying at 100° — 3 By dissolving BaS m 
cone HClAq, boiling down, and drying at 100° 
Preparation — 1 Powdered witherite (BaCO,) 
IS added httle by httle to HClAq , the solution 
IS digested in absence of air with more BaCO, 
(to remove iron, &c ), and is then poured off, 
evaporated to dryness, and the residue heated to 
100° for some time — 2 Two parts of finely 
powdered heavy spar (BaSO,) are heated m a 
crucible to redness with 1 part dry CaCL and 2 
parts iron filings, the fused mass is digested 
for a short time with 6-8 parts boiling water 
(by long digestion BaS04 and CaCl, are re- 
formed), the hquid is filtered from FeS, CaS, and 
undecomposed BaS04, made slightly acid by 
HClAq, and evaporated to dryness at 100° — 
3 The solution of MnClj which is obtained in 
making Cl from MnOj is neutralised by BaCO, 
or CaCO, and evaporated to dryness , the residue 
IS heated with heavy spar and coal , the mass la 
hxiviated (Mn8, FeS, and some BaS04 remain), 
the liquid is treated with a httle MnCl^Aq to 
decompose any BaS present, HClAq is added, 
and the whole is evaporated to dryness (Kuhl- 
mann, C B 47, 403, 464, 674) 

Properties — White salt, easily soluble m 
water, [BaCP,AqJ = 2,070 {Th 3,266), shghtly 
soluble m alcohol {v supra) , solution has a 
bitter taste and is poisonous Melts at red heat 
and cools to an opaque mass 

Reactions — 1 Heated in steam, HCl la 
evolved, and residue has an alkaline reaction — 
2 Partly oxidised by fusion with potassium 
chlorate, but unchanged by heating in dry 
oxygen (Schulze, J pr [2] 21, 407) Com- 
pletely decomposed by fusion with silicates 

Combinations — 1 Cone solution of BaCl, 
mixed with cone BaOAq pps thin transparent 
plates of BaClj BaO 5H^O ( = BaClOH 2H2O) 
(Bechmann, J pr [2] 26, 388, 474) — 2 Com- 
bines with water with production of heat, 
[BaCP,2H^O] = 7,000, to form the hydrate 
BaCl 2H2O This hydrate crystallises m whitb 
fiat trimetnc plates, which are not efflorescent , 
they lose 2H2O at 100°, but take it up again in 
moist air A cone solution is decomposed to 
Ba 2NOg and NaCl by heating with NaNO, 

Barium ohlonde, hydrated, v Barium, 
CHLORIDE OF , Combinations, No 2 

Barium, cyanide of Ba(CN)j Obtained 
by action of HCNAq on BaO^ {v Cyanides) 
Barium, fluoohloride ot BaFCl {v Barium, 

FLUOREDB OF) 

Barium, fluoride ol BaF^ Mol w un- 
known, as compound has not been gasified 
[abt 908°] (Carnelley, C J 83, 280) SO, 
la 4 68 (Bddeker) 

Prej^ration — 1. By ppg Ba2NO,Aq by 
NaFAq —2 By the action of HFAq on BaiOAq, 
or on freshly ppd BaCO„ and evaporating The 
former action is attended with the production of 
much heat, Guntz {A Ch [6] 8, 5) gives 
the values [BaOAq, 2HFAql » 84,800 • and 
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fBaO’BP, 2HF] - 71,400 (solid BaP, is produoed 
by action of gaseous HF on solid BaO^H,) 

Properties and Beactions —White, finely 
grannlf^, crystals , scarcely soluble in water, 
but easily in HNOaAq, HClAq, and HFAq Not 
decomposed by heat alone 

Combinations — 1 With BaCl, to form 
BaF, BaClj( « BaFCl) , obtamed by adding 
NHjAq to a solution of BaF, in HClAq , also by 
fusing 1 part NaF with 6-8 parts BaCl^, and 
digesting with water , also by adding KFAq to 
BaCl^q and evaporating Forms white granular 
crystals, more soluble in water than BaF, 
partly decomposed, with loss of BaCl,, by loug- 
contmued washmg with water —2 With BF, to 
form BaF,2BF,2H,0 ( = Ba(BF 2H,0) . ob 
tamed by acting on BaCO, with HBF^Aq, and 
evaporating, boric acid separates, and afterwards 
the double salt (v boeofluorides under Boron, 
FLUORIDE of) — 8 With SiF^ to form BaF, SiF^ 
( « BaSiFg) , obtamed by adding H2SiFt,Aq to a 
solution of a Ba salt White solid, very slightly 
soluble in cold water— S (17°) 03— and only 
slightly soluble in HCIAq S G 4 28 Leaves 
BaF, when heated, heated with NH^Cl gives 
residue of BaCl, (Stolba, J pr 96, 22) (v 
BiLicoFLUORinEs, Under Silicon, fluoride or) 

Banum, hydroxide of BaO^H, {Caustic 
baryta) Mol w unknown, as compound 
has not been gasified S G 4 495 (Filhol, 
A Ch [d] 21, 416) S (0°) 1 6, (5°) 1 75. (10°) 2 22, 
(16°) 2 89,(20°) 8 48,(26°) 4 19, (30°) 5 0,(35°) 6 17, 
(40°) 7 3b, (45°) 9 12, (50") 11 75, (55°) 14 71, 
(60° 18 76, (65°) 24 67, (70°) 31 9, (75°) 66 85, 
(80°) 90 77 (Rosensthiel a Buhlmann, J 
1870 814) H F [Ba, 0, H^O] = 146,500, value 
only approximate , [BaO, H^O] « 22,260 
{Th 8, 266) 

Formation — 1 By heating heavy spar with 
carbon, dissolving BaS formed in hot water, 
filtermg, adding CuO or ZnO to decompose the 
BaS, ^termg, evaporating to dryness, and 
heating to redness (Muller, J pr 82, 52 , 
Stahlschmidt, D P J 182, 30 , Nickl^s, W J 
1869 274) — 2 By heating Fe with Ba 2NO, to 
redness, dissolving in water, filtering, evapo 
rating, and heating the residue — 3 By the 
action of steam on BaCO, (Lenoir, W J 1867 
256) 

Preparation — 1 Water is added little by 
little to BaO (q u ) , the product is heated to 
dull redness m a silver dish — 2 Aqueous 
solution of pure NaOH, S G about 1 1 to 1 16, 
the quantity of NaOH in which is accurately 
known, is heated to boiling, a quantity of 
powdered Ba2NO, is added equivalent to the 
NaOH used, the hquid is boiled for a httle, if 
fiolution IS not complete water is added, the hot 
liquid 18 filtered quickly and allowed to cool m a 
closed vessel when crystals of BaO^H, SHjO are 
deposited , these crystals are separated, recrys- 
talhsed from boilmg water, and heated gradually 
to redness in a silver di^ (Mohr, Ar Ph [2] 
68, 88). 

Properties and Beactums — A white powder, 
dissolving m water {v supra) to form an alkaline, 
caustic, liquid , melts at a full red heat and 
crystaliises on cooling , not decomposed by heat 
alone, but by heati^ m a stream of air BaO 
and are product Aqueous solution is 
Jjoariiedly alkalme, and neutralises acids with 


production of same quantity of heat as KOHAq 
and NaOHAq {Th 1, 882) Poes not absorb 
01, except m presence of H^O , action is then pro- 
bably 6BaOAq + 601j =« SBaCljAq + Ba(C10,)^q 
(Weisberg, B 12, 846) Is not acted on by 
CO2 (Scheibler, B 19, 1973) 

Combinations — With water with production 
of heat [BaO HSSH^O] = 27,470 {Th 3, 266) to 
form crystals of BaO^H, 8H2O (Beckmann, J pr 
[2] 26, 388, and 474 , Filhol found 7Hp, Noad 
and others 9H2O) (For preparation of these 
crystals v supra ) These crystals lose 7H2O 
I over H0SO4 in vacuo, or by heating to 76°, and 
I the eighth Hp at a red heat , they dissolve in 
about S parts boiling water, and 20 parts water 
at 15° The solution is attended with disap 
pearanoe of heat [BaO^H^ OH-'O.Aq] =■ - 15,207 
{Th 3, 263) Crystals of BaO^H^ H^O melt at 
83°-85° (Veley, C J 49, 371) According to 
Bechmann {J pr [2J ^6, 888 and 474) pure 
BaO IS obtamed by heatmg BaOjK^ SHjO m a 
stream of O 

Barium, iodide of Balj Mol w un- 
known, as compound has not been gasified. 
SG 4 92 (Filhol, A Ch [3] 21, 416) 
HF [Ba,P Aq] = 144,620 (T/i 3,266) 

Formation and Preparation — Similar to 
methods for BaBr, (g v ) also by action of 
gaseous HI on BaO 

Properties and Reactions — A white, n8n 
deliquescent, solid , easily soluble m water or 
alcohol , not decomposed by heat m absence of 
air, m presence of air BaO is formed and I 
evolved , wholly decomposed by heatmg in 0 
(Schulze, J pr [2] 21, 407) , aqueous solution 
absorbs COj from air 

Combinations — 1 With water to form 
Bal2 7H2O (Croft, J pr 68, 402 , Thomsen, B 
10, 1343 , Werther, J pr 91, 331, says the 
crystals are Balj 2H2O) This hydrate forms 
needle shaped crystals which deliquesce, with 
I partial separation of I, m moist air, and melt 
on beating , heated in absence of air Bal^ 
remains, one H^O is lost at 100°, 5H O at 
125° and the seventh H^O at 150° Thom 
sen gives these data [Ba, P, 7H*0] = 151,370, 
[BaP 7H=^0,Aq] = -6,850 — 2 With haryUi to 
form BaO Bal2.5H20( = BaIOH 2E[2^) (Beck- 
mann, J pr [2] 26, 388 and 474) , this salt 
crystallises from a mixture of cone solutions of 
its constituents, in the ratio BaO Bal^ 

Barium iodide, hydrated, v Bariuu, xodidb 
OF, Combinations, No 1 

Banum, oxides of Ba forms two oxides, 
BaO and BaO, , the former is produoed by the 
action of dry air, or O, on Ba , BaO heated to 
about 450° combmes with 0 and forms BaO„ 
which 18 agam reduced to BaO at a higher 
temperature, or by reducing the pressure at 
450° Dry BaO, is stable, but the presence of 
water brmgs abont slow decomposition to 
Ba02H2 + 0, Berthelot (A Ch [6] 14, 438, 
comp C R 85, 880) gives these data [BaO.OJ - 
- 6,050 , [BaO^H^O] - 2,760 (givmgBaO,H, + 0) 
BaO is a strongly basic oxide , BaO, evolves 
O (or H,OJ and forms the same salts as BaO 
when acted on by acids 

I Bibium icoNozioE {Borpta) BaO Mol w 
unknown as compound has not been gasified 
S G 4 85 (Playfair a Joule, C 8 Mem 8, 84) , 
8 G erystals 6 722 (Brfigehnann, W % 466 } 
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A «77) , 5 456 (Pilhol. A Oh [8] 91. 416) HJP 
[Ba,0}«124, 240, [Ba,OAq] - 168. 760 {Th 
8. 266 . values approximate only, as Ba used 
was not pure) 

Soheele distinguished baryta from lime in 
1774. Gahn recognised the presence of this 
earth in heavy spar . Bergmann called the earth 
terra poiuUrosa , Eirwan gave the name baryta , 
Davy, m 1808, proved it to be a metallic oxide 

Formation — 1 By the action of dry air on 
Ba —2 By strongly heating BaCO„ best with 
of oaibon whereby CO is formed which 
does not agam combine with the BaO —3 By 
strongly heating Ba 2NO, , Eammelsberg {B 7, 
512) says that an oxide with the composition 
Ba,04( = 2BaO BaOj) is thus produced , Brugel- 
mann {W 2, 466 , 4, 277) obtained hexagonal 
crystals of BaO by this method — 8 Bv strongly 
heating BaCl,, or BaS04, white heat, m a 
current of steam • 

Preparation — 1 By strongly heating Ba(IOj) j 
In a porcelain crucible until all I is removed — 
2 By heating dry Ba 2NO, in a capacious 
porcelain vessel (best a retort), gradually raising 
the temperature when the salt melts, again 
raising the temperature to full redness when 
the residue m the vessel re-sohdifies , the 
heating must be continued until all nitrate is 
decomposed, but no longer, as on long continued 
heating COj is absorbed, the portions in con- 
tact with the porcelain take up a little SiO, and 
AljO, 

Properties — A grey white powder, very 
poisonous , melts at white heat , takes up HjO 
and COj from the air, dissolves m water to 
form a caustic alkahne solution {v Barium, 

HYDROXIDE OF) 

Reactions — 1 Reduced by heating with 
^tassium — 2 Decomposed to Ba + 0 hj electro 
lysis — 3 Heated in chlorine, BaClj and 0 are 
formed . — i Heated with sulphur, BaS and 
BaSO. are produced — 5 Heated in carbon 
disulphide vapour, the products are BaS along 
with BaCOj — 6 Heated in phosphorus vapour, 
in presence of H, barium phosphide BaPj {q v ) 
and Ba^PjO, are formed (Dumas, A Ch [2] 32, 
864) — 7 Heated with arsenic vapour barium 
arsenite {q v under Absenites) is said to be 
produced 

Combinations — 1 Combines with water to 
form BaOjHj (q v ) with production of much 
heat, and increase of volume [BaO, H^O]« 
22,260, [BaO, 9H‘’0] = 49, 780 {Th 8,266) — 
2 With carbonic anhydride, to form BaCO, 
(dry BaO has no action on COj , Scheibler, B 
19, 1973) , with sulphuric anhydride to form 
BaSO^, [BaO, 00^ = 62, 220, [BaO, SO>] = 
110, 690 {Th 8, 266)— 3 Heated in air or 
oxygen to about 460°, forms BaOj {q v) — 
4 With methylic or ethyhc alcohol, forms 
BaO 2CH4O or BaO 2C3H.O 

II Barium dioxide BaOj Mol w unknown 
B G 4 96 (Playfair a Joule, C S Mem, 8, 84) 
Discoverea by Thenard {A Ch 8, 308) 

Formation — 1 BaO, or a mixture of BaO^H, 
und CaO or MgO, is heated m nearly dry air, 
or 0. to dull redness in a glass or porcelain 
tube 

Preparation — A mixture of 4 parts finely 
powdered KClOg and 1 part BaO is thrown 
little by little into a poroelam crucible heated 


|ust to redness . the EOl formed is dissolved out 
by cold water (Liebig a. Wdhler, P 26, 172) , 
the impure hydrated BaO, oontainmg BaO 
(Berthelot, A Ch [5] 6, 207, says the residue is 
nearly BaOHaO,) is rubbed in a mortar with 
water, and added httle by httle to very dilute 
HClAq, but not m quantity sufiQcient to neu- 
tralise the acid , the solution (which contains 
H^O ) IS filtered, made slightly alkaline by 
addition of dilute BaOAq, whereby alumina and 
iron oxide are ppd , the hquid is agam filtered 
through hnen, and an excess of BaOAq is added , 
lustrous plates of Ba02 8H,0 are ppd. (the 
filtrate must contain BLjO,, proved by the pro- 
duction of a blue colour in ether when shaken 
with ether after acidifying and addmg dilute 
KjCrjO.Aq) , the pp is washed with cold water, 
pressed between filter paper, and placed over 
H2SO4 until all water is removed and BaO, 
remains (Berthelot, A Ch [2] 6, 207) Or,H20,Aq 
18 added to BaOAq, the pp of BaO^Si^O is 
washed with cold water, pressed between filter 
paper, and heated in dry air free from CO, to 
100°-120° (Schone, B 6, 1172) —2 Pure BaO 
18 heated to low redness m a stream of O (Brodie, 
T 1850 776) 

Properties — A white powder, resembling 
MgO, insoluble in, and combines with, water, 
melts at full red heat with evolution of 0 

Reactions — 1 Decomposed by heat to BaO 
and O, at slightly reduced pressures (760 to 
730 mm ) decomposition begins at about 460° , 
at ordinary pressure at a higher temperature 
than this, if the BaO produced is allowed to 
cool to 460° in presence of 0 under reduced 
pressure BaO, is re formed (Boussmgault, A Ch, 
[6] 19, 464) —2 Decomposed very slowly by 
cold, quickly by hot, water, forming BaO,H, O 
[BaO', H'0]“ 2,760 (giving Ba02H,4 O, Ber- 
thelot, A Ch [5] 14, 483) — 8 Cone sulphuric 
acid forms BaSO^, and evolves 0 at temperatures 
above 60°-70°, but 0 mixed with ozone at 
lower temperatures (Houzeau, C R 40, 949) — 
4 Heated in dry carbonic anhydride, BaCO, and 
O are produced — 5 Heated with carbon mon» 
oxide, or sulphurous anhydride, hght and heat 
are produced, and BaCO,, or BaSO,, is formed 
(W6hler, A 78, 125) — 6 Acts as a powerful 
oxidiser towards carbon, phosphorus, &c , Ac, 
(comp Slater, J pr 65, 253, and Brodie, T 
1862 837) — 7 With dilute acids forms salts of 
Ba, and HjO, or O 

Combinations — 1 With water, combmes to 
form BaOg 8B[,0 (produced also by action of 
BaOAq on BEjO^Aq , v Preparation) , pnsmatio 
dimetric crystals, which lose 8HjO in vacuo, or 
by heating in absence of CO, to 100°~120° 
Berthelot gives the formula BaO,.10H,O to the 
hydrate {A Ch [5] 21, 157) , he also describes 
another hydrate with 7H2O (I c [6] 6, 207) , he 
gives the data [BaO’, 10H’O]« 9,100 {Ic [6] 
14, 438) — 2. With hydrogen peroxide forms 
very unstable, monoolinic, crystws, BaO, H,0, , 
produced by adding excess of H,0,Aq to BaOAq, 
or by adding NH,Aq to the solution of a Ba salt 
mixed with H[,0, (Schfine, A 192, 267) 

Barium, ozysulphidss of, 1 ; Babium, 
Sulphides of , momobdlpbidb, Reaetiom, 

Banum. phosphide ot Desonbad as a 
grey mass, having the composition BaP|^ 
produced by passing H charged with P r^pom 
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over hot BaO , deoomposed by HjO, giving PH, 
and BaHPO, (Dumas, A Chi 82, 864) 

Banum, salts of Balts produced by 
replacing H of acids by Ba , they form one senes 
belonging to the form BaX, where X » Cl, &c , 

~ &o As none of these salts has 

been gasified we do not know the molecular 
weight of any of them , the spec heat of Ba is 
undetermined , the formulas are, therefore, 
based on analogies between these salts and those 
of similar metals which form gasifiable com- 
pounds, especially Zn and Cd, and also on 
analogies between the salts of Ba and Ca, the 
atomic weight of the latter metal having been 
settled by the spec heat method Barium forms 
salts with most, if not all, the acids , very few 
basic salts are known, and those which have 
been prepared are generally salts of the weaker 
acids, e g bone, tungstic, molybdic, cfec The 
haloid salts are very stable, the carbonate, 
nitrate, lodate, chlorate, &c , are decomposed by 
heat , Ba salts of the oxyacids are reduced by 
heating with C, H, or CS2 Most Ba salts are 
isomorphous with the corresponding salts of Ca 
and Sr , many with the corresponding salts of 
Pb A few Ba salts are soluble in water , the 
greater number are slightly soluble only, or 
insoluble {v Borates, Carbonates, Phosphates, 
Sulphates, &c , Ac ) 

Banum, selenide of BaSe Mol w 
unknown White solid, changing m air, obtained 
by heating BaSe04 in H to dull redness (k abre, 
C B 102, 1469) 

Barium, selenocyanide of BaSe (CN)2(?) 
Prepared by Crookes {J ;pT 63, 161) Data 
Very meagre 

Banum, sllioofluonde of BaSiFg, v Barium 
fluoride oe. Combinations, No 3 

Barium, sulphides and hydrosulphide (or 
•ulphydrate) of Three sulphides of Ba 
are known , a fourth probably exists in 
solution The monosulphide BaS is obtained 
by heating BaO in a stream of HjS , by 
heating BaS + 2S to 360°, the tnsulphide BaS, is 
formed , by boiling BaSAq with SS and crystal- 
lising, BaS^ may be prepared , and if BaSAq is 
boiled with considerable excess of S the solution 
reacts as if it contained a pentasulphide BaSj j 
Only one hydrosulphide or sulphydrate, BaSjHj, ! 
18 known The sulphides and the hydrosulphide | 
are fairly stable compounds , they are soluble in, 
and partly decomposed by, water , they resemble 1 
the sulphides of the alkali metals m their 
reactions, eg BaSjH^Aq reacts with As^S, to 
form barium thio arsemte Ba^AssSj {q v ) 
Sabatier (A Ch ) [6] 22, 1) gives the thermal 
data — [BaO, H^S] = 22,100, [BaS, 0*] - 236,600 , 
[BaS, AqJ» 7,000 

1 Monosulphide BaS 

Formation — 1 BaO is heated in a stream of 
HjS — 2 BaSO^ is reduced by heating in H or 
coal gas 

Preparatum — 1 A stream of COj is passed 
through CSj and then over red hot BaCO, , CS, 
must be in excess as BaS is decomposed by CO, , 
the product is freed from higher sulphides by 
heating in H (SchSne, P 112, 193)— 2 
Ba02H,.HjO (prepared by heating BaO,H,.8H,0 
to 80° m H) IS acted on by dry H,S , the 
products are BaS and H,0 (Veley, C J. | 


49, 869) —3 Crude BaS (which is the startinf^- 
pomt in the preparation of many Ba compounds) 
18 prepared by mixing 8 parts heavy spar with 
2 parts wood charcoal and 1 part rye meal, all 
in fine powder, making into a stiff paste with 
water, roUmg into small cylinders, drying, 
packing m a crucible in alternate layers with 
charcoal, and gradually heating to full redness 
(Liebig, A 35, 115 , v also Gruneberg, J pr 
60, 168 , Buchholz, Ar Ph 86, 275 , Kuezmsky, 
D P J 135, 465) 

Properties — A white amorphous solid , soluble 
in water, exposed to sunlight and then placed m 
the dark, it gives off light , oxidised in moist 
air 

Reactions — 1 In moist air decomposes to 
BaCOg and BaS^O, with evolution of H^S — 2 
Heated in air is slowly oxidised — 3 Heated m 
I steam, BaS04 is formed and H evolved (Lauth, 
C C 1863 880) — 4 *Chlorine, bromine, and 
iodine, decompose BaS, forming BaX, 
(X => Cl,Br,or I) and S —6 Dilute acids iorm Ba 
salts and evolve H2S — 6 B atcr brings about 
partial decomposition into BaS H , BaO H,, 
polysulphides and oxysulphides of Ba {v \ eley, 
C J 49, 360) The action of water on crude 
BaS has been examined in detail by H Bose (P 
55, 415) If hot vsater is added in quantity just 
sufficient for solution, the liquid gi\es a pp of 
MnS, without evolution of H S, on additioff of 
an aqueous solution of a neutral manganous 
salt , the solution, therefore, contains either 
BaS or hydroxide and hydrosulphide in the ratio 
BaO^H BaS Ho , 

(?BaO H Aq + BaS HgAq + 2MnCl2Aq >= 
2MnS -f 2BaCl2Aq + 2H2O) If cold water is 
added to crude BaS m an open vessel, in quantity 
rather less than sufficient for complete solution, 
and the liquid is e\aporated, BaO^H, separates 
out, then various oxysulphides {v infra), then, on 
evaporating the mother liquor m a retort, 
crystals of BaS GH^O {v infra, Combinations) 
separate, and finally on evaporating to dryness 
BaS2H2 remains 

The oxysulphides prepared as above de 
scribed, or by cooling the solution obtained by 
acting on crude BaS "with boiling water m a 
closed vessel, seem to be three 
Ba,04Sg 58H20[ = 4(Ba02H2 9H2O) 8(BaS GHp)}, 
BajOS lOHjO [- (Ba02H2 8H20)(BaS H 0)], and 
Ba4S30 28H20[- (Ba02H2 9H 0) 3(BaS GH^O)] 
The compositions of these bodies are, however, far 
from settled , the compounds are very unstable and 
are separated by recrystallisation into BaOjHj and 
BaSjHg If successive quantities of cold water, 
each less than sufficient for complete solution, 
are shaken with crude BaS in a closed vessel 
for some hours, the first solution contains 
BaSjH, along with a httle of the higher sul 
phides of Ba (the solution gives MnS and also 
HjS on addition of MnCl^Aq) , the next solution 
contains either BaS or BaO^H^ and BaS^H, in 
the ratio BaOjHj BaS^H^ (with MnClj it gives 
MnS without evolving H3S) , the following solu 
tions contain BaOsHj, as they give more and 
more MnO on ad^tion of MnCLAq and less 
and less MnS 

Combinations — With water BaS forms 
BaS 6H2O , prepared as above desenbed, also 
by evaporatmg tn vacuo a solution of BaS after 
addition of a httle S (Sdibne, P 112, 198) , or 
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tiy evaporating BaS, Aq {qv)in mtmo BaS GHjO 
crystallises in white six sided plates , slightly 
eolnble m cold, easily in hot, water , insoluble 
in alcohol , loses GHjO between 100° and 350° 
with partial decomposition 

II Trisuiphidb BaS, Prepared by heat 
mg 2 paints BaS with 1 part S, and removing 
excess of S by distilling it off at 360° (Schone, 
P 112, 1931 Forms a yellowish green mass, 
soluble in not water , heated to redness in 
absence of air gives BaS + 2S A solution 
of BaS, in much boiling water evaporated 
in vacuo deposits (1) BaS 6H2O (v supra), 
then (2) a mixture of BaS4H20 (v tnfra) 
and orange dichroic monoclmic prisms of 
8(BaS 6H2O) (BaS^ H^O) GH^O (Schone, I c ) 

III Tetrasulphidb Known only in combi- 
nation with HjO as BaS^ HjO By evaporating a 
solution of BaS, in hoj water in vacuo, or by 
evaporating BaSAq with 8S, trimetric, dichroic, 
needles separate , yellow by transmitted, red by 
reflected, light , soluble m water, may be re 
crystallised from hot water , insoluble in alco 
hoi , at 300° lose HjO with decomposition into 
H S, S, and BaS, (Schone, Ic) A more 
hjdrated salt, probably BaS^ 2H2O, was obtained 
by Veley by ^ssolvmg S m BaSjH^Aq (C J 
49, 378) 

IV Pentasulphide BaSj Not known m 
definite form BaSAq or BaSjHjAq boiled with 
excess of S, yields a yellow alkaline solution, 
from which on cooling S and BaS4 separate out , 
the mother liquor contains Ba and S in ratio 
Ba S„ on evaporation crystals of S separate 
out, and BaS4 remains in solution (Schone, I c 
confirming older observations of Berzelius) 

V Hydrosulphide or Sulphydrate BaS^Hj 

Formation — By action of H2O on BaS 

(t) MoNosuLPHinE , Beactions, No 6) 

Preparation — BaOAq (saturated at lOO*^) is 
saturated with HjS at 60°-70° , the liquid is 
decanted m absence of air, and is cooled to 
about 10° , the crystals of BaS^H^ dHjO which 
separate are dried between paper out of contact 
with air, and then heated in a stream of H 
{V Veley, C J 49, 369) 

Properties and Reactions — With iPLf) forms 
white acicular crystals, which effloresce in air, 
and gradually absorb 0, forming BaS^O, and 
BaS04 , these crystals are soluble m water but 
insoluble in alcohol, aqueous solution evolves 
H^S when boiled , heated to redness out of con 
tact with air, HjS is removed and BaS remains 
(for details, v Veley, I c ) BaS^Hj is strongly 
basic in its reactions , e g with As^S, it forms 
Ba thio arsenite 

Banum, sulphocyanide of Ba(SCN)2 Ob- 
tained by decomposing NH4 SCNAq by BaOAq 
{v SULPHOCYANIDES, Under Cyanides) 

Barium, thio-antimonate of Ba,(SbS4)2 Ob- 
tained by the action of BaCl^Aq on Na3SbS4Aq 
(compare thio antimonates under Antimony, 
THIO ACIDS of) 

Barium, thio-arsenito of Ba^AsjS, Obtained 
by digesting BaSjH^Aq with AsjS, , and Banum 
thio-arsenates Ba,(AsS4)2 Ba(ABSs)o, ob 
tamed by the action of HjS on BaHAs04Aq 
(v THIO ABSENtTBs and THIO ARSENATES Under 

Absenio. thio acids of) 


BABTTA Oxid$ of Banum, v BAiuutf, 

oxide OF 

BASE — The oharactenstio reaction of an 
acid is that the whole, or a portion, of the hy- 
drogen of an acid can be displaced by a met^, 
with production of a new body, called a salt, 
composed of the metal and the elements of the 
acid, excepting the displaced hydrogen (v 
Acids) If the oxide of a metal reacts with an 
acid to form a salt, the hydrogen displaced from 
the acid combines with the oxygen of the oxide 
to form water , the products of the reaction are 
a salt and water The salt is not charactorised 
by the properties either of the acid, the metal, 
or the metallic oxide, it has been built upon 
the metal or metallic oxide by combining this 
with the acid The name base was given by 
Kouelle in 1744 to those bodies which reacted 
with acids to form salts The name has some- 
times been applied to metals, as well as to oxides 
and hydroxides of metals , at other times it has 
been confined to compounds of metals with H 
and O , at all times the conception underlying 
the name has been that of a substance which, 
while chemically very unlike an acid, reacts 
with acids to form salts The dual origm of a 
salt IB implied in the statement that for its pro- 
duction there is required the interaction of an 
acid and a base A definition of any one of 
the terms, acid, base, salt, implies a definition 
of the other two The chemical reaction cha- 
racteristic of bases, as the term is now used, is 
the production of salts by the mutual reaction 
of a base and an acid , in some cases water is 
also formed, in other cases the salt is the sold 
product Typical reactions are as follows 
K 20 Aq + H2S04Aq = K2S04Aq -1- H2O 
2 KOHAq + H2S04Aq = K2S04Aq + 2H2O 
2NH3Aq + H 2 S 04 Aq = (NH 4 ) 2 S 04 Aq 
A base may then be (1 ) a metallic oxide, (11 ) a 
metallic hydroxide or an allied compound such 
as NEt4 OH, PMe4 OH, SEtj OH, &c , (111 ) am- 
monia or a derivative thereof, e g NHjEt, NMe,, 
&c The terms strong and weak may be apphed 
to bases with meanings similar to those given 
to the terms when applied to acids , a strong 
base, in this sense, is one which, when it reacts 
in aqueous solution with another base and an 
acid — all being present in equivalent quantities, 
and all possible products being soluble m water 
— combines with a large proportion of the acid 
and leaves only a small proportion for the other 
base to combine with The hydroxides MOH, 
where M= an alkali metal or Tl, are strong 
bases , NH, is a weak base , NHjEt and NHjMe 
are stronger bases than NH, , NMe40H and 
SEtjOH are nearly as strong bases as the 
alkalis (v Affinity) By the term a strong 
base 18 sometimes meant a base which reacts 
with various acids to form very stable salts, 
e g salts which are not changed by water, hot 
or cold In this meaning of the term BaOjH, 
IS a strong base, but B1O5H, or SnOjH, is a 
weak base The oxides and hydroxides of poly- 
valent metals appear to be weaker bases than 
the corresponding compounds of the monova- 
lent metals The more positive a metal is, the 
more basic are its oxides and hydroxides. 
Sometimes a metalhc oxide, or hydrated oxide, 
may react towards strong acids as a base, and 
towards strong base? as an aoidio oudei that 
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ALOt.ffH,0 nuets with H,SOv^q to fonn 
A1,0,8S0,(««AV3S04), but Al,0,.a;^0 re- 
pots with mo^ KOHAq to form K^O Al^O, 
( *» K^O J In some oases the basic and acidic 
sanctions of a compound may be nearly equal , 
thus amido acetic acid (? CHyNH^COOH) forms 
salts by its reactions with bases as other acids 
do, but it also combines with acids, as NH, 
does, to form salts The hydroxides of certain 
metals which in some of their reactions behave 
as non metals react as bases towards most 
acids, but if oxygen is added to these hydroxides 
compounds are formed which react as bases 
only towards the stronger acids and at the same 
time react as acids towards the stronger bases , 
such compounds are SnO^Hj, and SnO O^H^, 
respectively Bases are sometimes divided into 
mojio-cLctd, dx-cLCtdy trx actd, &c , according as 
one reacting weight interacts with one, two, three, 
, reacting weights, of a monobasic acid, to 
form a salt The poly acid bases are weaker 
than the mono acid bases As examples of 
mono acid bases may be given KOH, NH,, NH^Et, 
Ac , of di acid bases, CaOjIIj, BaO^H^, ZnO Hj, 
Ac , of tn acid bases, FeO^Ha, 
CjHalN^aOH, Ac , of tetra acid bases, ZrO,H^, 
Ac (comp Acids and Salts) M M P M 
BASES, OBOAKIC, v Alkaloids, Amines, 
Ajm>E8, Azines, Pybidinb, Quinoline, Ac 

The nomenclature of bases containing carbon 
and nitrogen in one ring is as follows 
Pyrrol 
cacHv 


Pyrazol 
CHN V 

I >NH 

Pyndxne Pyraztne [Ketines) 
HC CH CH HC N CH 


i “ 

HC N 


CH 


HCNCH 


Triazol 

N CHv 

I >H 

N CW 
Pynmidine 
HC N CH 

I II 

N CH CH 


Quxnohne 

.CH CH 


1 

N CH 


Isoqutnoline 

XH CH 

C.h/ I 


Quvnazolxne 
XHN 


Quinoxalxne 
.N CH 


CHN 

Cxnnoline 
CH CH 


I CA< I C.H,<( I 
\n CH \NCH N 


.CH\ 

CA<| > 

Phmazxne 

:,<? 


Indazxne 

CHv .CH. 

.NH or C.H,< I ^N 
\N 




0,H, 


CA 


''NH' 
Olyoxalxne 
.NH-CH 
ch4 II 


BASIC OXIDES Oxides which react with 
amds to produce salts The greater number of the 
metallio oxides are basic , oxides of well marked 
non metals are never basic The correlative 
term u (icidic oxxdet (v Bases, Acips, Salts) 

M M P M 

BASICI TY or ACIDS v Acids, basicity or 
BASILICDIC, OIL OF The essential oil ob- 
tained by distilling the leaves of Ocymum basih 
cum with water contains CioHjgSH^O which crys- 
tallises m pnsms (Dumas a Pehgot, A 14, 75) 
BASfHA LATIFOUA The seeds of this 
Himalayan plant yield by pressure a buttery 


gnbstanee, eontaining olein and stearlA 

(Hardwick, 0/2, 231) 

BAS80BIK The msoluble gum acid, pro* 
bably meta-arabio acid, or at least a meta acid 
alhed thereto (v Arabin) of gummi bassoras, 
G Toritonense, or G Kutora These gums 
consist of a part (the meta acid) thaS swells up 
to a jelly when they are treated with water, and 
of a soluble part, the alkaline or earthy salt of 
the acid 0 O’S 

BA8T0SE V Cellttlose 
BASTLOTTS A name sometimes applied to 
the more positive, usually oxygen containing, 
radicles, or groups of atoms, which combine 
with more negative, or chloroixst groups to form 

+ — + — 4 - — 

salts , eg K 0 SO,, CrOj, CrjO, 8S0„ Ac 
The name is sometimes also applied to the 
elements which displace H from acids with 
formation of salts The correlative term is 
chlorous M M P M 

BDELLITTM A gum-resm (Johnston, J pr 
26, 145) 

BEBEERINE Behxrxne [180°] 

Occurs, together with a resin (sepirin) and an 
acid (bebinc acid) m the bark of the bebeeru 
tree of Demerara (Rodie , Maclagan, A 48, 106 , 
Maclagan a Tilley, P M 27, 186 , v Planta, A 
77, 333) It IB an amorphous powder, v si sol 
water, V e sol alcohol, v sol ether — B'aHjPtClg 
orange amorphous pp Buxine has been con 
sidered to be identical with bebeerine (Walz, 
AT / P 14, 15) 

BEE’S WAX V Wax 

BEHENIC ACID Bento acxd 

[76°] Occurs as glyceride in oil of ben and in 
the fatty oil of black mustard seed Needles, 
resembhng stearic acid — NaA' —BaA'j — 
PbAV — EtA' [49°] (Voelcker, Strecker, A 64, 
346) 

BEHENOLIC ACID C^aH^^jOj. Benoltc acid. 
[67 6°] Formed by the action of aloohoho 
potash on di bromo behemo acid (Haussknecht, 

[ A 143, 41) White needles (from alcohol) , ▼ 
sol alcohol and ether, msol water Not re- 
duced by sodium amalgam, but combmes with 
Br,, forming C22H<^r.,02 [47°], and with Br4, 
forming OagH^oBr^Oa [78°J 

Salts — MgA'j 3aq — AgA’ — BaA',. 
BELLADONNINE. An alkaloid occurring in 
the mother liquor from which sulphate of atro 
pine {q v) has been crystallised (Hiibschmann, 
Schwexz Z Pharm 1858, 128, Kraut, A 148, 
236, B 13, 165, Ladenburg a Routh, B 17, 
162, Merlmg, B 17, 881) Amorphous, v si. 
sol water, v soL alcohol, ether, and chloroform 
It 18 but shghtly attacked by boiling baryta- 
water, but 18 split up by alkahs into tropic acid 
and oxy tropme CgHuNOj. This would indi 
cate that beUadonnine is oxy atropine C,,H4,N04 
(L ) Accordmg to Merlmg, beUadonnine is 
CjjHaiNOa and gives tropme, atropio acid, and 
ISO atropio acid when boiled with baryta water 
Balts B'sH^tCl,— B^HAuCL 

BEN, OIL OF A fatty oil expressed from 
the fruits of Morxnga nxtx behen It oontams 
glyceryl palmitate, stearate, oleate, and behenate 
{v Behxnio Acn>) 

BENIO ACID V Behenio aoxd 
BENYLENE 0„H, (228°-228®| S O * *911 
Formed by the action of aloohoho potash oa 
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id^amyleQe bromide 0. JBLJdr. (Beuer a. Yereon, 
JL 147, 252) 

BBNZACIK C^N.O [160^ A neutral 
crystalline substance obtained by extracting 
With alcohol the product of the action of ZnEt, 
on phenyl acetonitrile (Frankland a. Tompkins, 
C J 87, 5/»9) 

BENZAL- V Benztlidene 
BENZALDEHYDE v Benzoic aldehyde 
BENZALDOXIM C«Hj CH N OH Oxtm of 
benzotc aldehyde (o 220° with decomposition) 
CJolourless oil, formed by the action of hydroxyl 
amine on benzoic aldehyde (Petraczek, B 16, 
2736) Formed also by reducing benzamidoxim 
with sodium amalgam (Tiemann a Kruger, B 
17, 1692) By heating with HCl it is spht up 
into hydroxylamme and benzaldehyde ACjO 
converts it into benzomtnle (Lach, B 17, 1671) 
Sodium salt CyHg N(ONa)aq white easily 
soluble plates, formed hf" the action of sodium 
ethylate on benzaldoxim in alcoholic solution , 
gives characteristic pps with the salts of the 
heavy metals 

Hydrochloride N(0H),HC1 white 
glistening scales, rotates on water 

Methyl ether C,H« N(OMe) (191° un- 
corr ) , colourless oil, lighter than water and 
slightly soluble , formed by the action of methyl 
iodide and sodium ethylate on benzaldoxim, 
by GCl it 18 spht up into benzaldehyde and 
methyl hydroxylamme 

Ethyl ether N(OEt) (208° uncorr), 
colourless oil, spht up by HCl mto ethyl- 
hydroxylaraine and benzaldehyde 

Propyl ether N(OC,H7) (226° un- 
corr ), colourless oil 

Iso butyl ether C,H, N(OC,H.) (238° 
uncorr ), colourless oil 

Amyl ether N(OCjH,,) (161° un- 

corr ), colourless oil (Petraczek, B 16, 823) 
BENZABIIDK C,H,NO le C^H, CO NH,, 
Amide of benzoic acid Mol w 121 [130°] 

(Ciamiciana Magnaghi, B 18, 1828) S G ^1 34 
(Schroder, B 12, 1612) 

Formation — 1 From BzCl and NH, — 2 
Together with NH,OBz, by the action of BzjO 
on NH, — 3 From EtOBz and NH, — 4 By 
boiling hippunc acid with water and PbOj, or by 
heating hippunc acid in a current of dry HCl 
Properties — Monoclmio tables a b 

228 1 1 068 , /3 = 89° 22' (Klein, A 166, 184) , 
V si sol cold water, m sol hot water, especially 
il it contain NH, , v sol alcohol and ether 
Reactions — 1 It splits up into water and 
benzomtnle when heated with dehydrating agents 
(P,0„ PjS,, or HjSO,) and to some extent when 
heated alone at 290° — 2 Boiling aqueous potash 
forms KOBz — 8 Boiling acids form benzoio 
acid — 4 BzCl or Bz^O form benzomtnle and 
benzoio acid — 6 Beduoed m acid solution by 
sodium amalgam to benzyl alcohol — 6 Boilmg 
phenol gives benzoyl phenol (PhOBz) and NH, — 
7 PCI, forms an unstable substance which 
rapidly sphts up mto HCl and benzomtnle 
(Wallaoh, A 184, 19) — 8 COCl, gives benzo 
nitrile, cyaphenine, and di benzoyl urea (Schmidt, 
/ pr [2] 6, 86) — 9 CSCl, gives benzomtnle, 
COS, and HCl (l^thke a Schafer, A 169, 107) — 
10 With chloral it combmes forming C^Cl^NO 
{151°] (Wallaoh, B 6, 261) —11 With ethyl 
nUnU it iomui benzoio ether, and H,0 


I (Meyer a. Sttlber, B 4, 962) —12 Converted by 
bromine in allmlme solution into anilme 
(Hofmann, B 18, 2787) — 18 A solution of 
benzamide m bromine deposits crystals of 
unstable BzNHjBry 

Cojnbinatwns — BzNByHOl long pnsms, 
formed by saturating a mixture of benzamide 
and HClAq with HCl (Dessaignes, A Ch [8] 
84, 146 , Pinner a Klein, B 10, 1897) When 
exposed to the air it gives off all its HCl — 
BzNHj fHCl [178°] (E v Meyer, J pr [2] 
80, 122) 

Salts — (BzNH)2Hg [224°] Formed by 
boiling benzamide with water and HgO Lammas 
(from alcohol) , v sol alcohol and ether — 
BzNHTl slender needles (Church a Crookes, 
C J 17, 161) 

Additional References — Liebig a Wdhler, 
A 8, 268 , Fehling, A 28, 48 , Schwarz, A, 
75, 195 , Laurent, Revue Scient 16, 891 , 
Henry, Z [2] 5, 446, Brauns, Ar Ph, [2] 
126, 214 , Oppenheim a Czamomsky, B 
6, 1392, Guaresohi, G 4, 465, A 171, 141, 
Kekul6, B 6, 113 , Sohiff a Tassman, B 
10, 1785 , Friedburg, A 158, 26 

Benz chloro am t c CgHj CO NHCl Pre- 
pared by gradually adding a cone solution of 
chloride of lime to a cold cone solution of 
benzamide acidified with AcOH, the product 
being shaken out by ether as it is formed Long 
colourless prisms (from water) (Bender, B 
19, 2274) 

Dibenzamide Ci^HijNOj le NHBZj [148°] 
S 12 at 16° Formed, together with benzamide, 
by the action of KNH^ on BzCl dissolved m 
ether (Baumert a Landolt, A 111, 1) , and 
from benzomtnle (10 g ) and fuming H2SO4 (7 g ) 
(Barth a Senhofer, B 9, 975 , Gumpert, J pr 
[2] 30, 87) Tnmetno crystals, ahc*» 
931 1 1 069 SI sol boilmg water, v sol alcohol, 
ether, and benzene 

Salts — NaNBzj^aq small pnsms, sol 
ether — AgNBz2 

BENZAMIBINE C2H,N, i e C(NH) NH, 

[76°-80°] 

Preparation — Benzomtnle is converted by 
treatment with isobutyl alcohol and HCl into 
the hydrochloride of C^Hj C(NH) OC^H,, whence 
ammonia produces benzamidine (Pinner a Klem, 
B 10, 1880 , 11, 4) 

Properties — M sol water, al sol ether, v e. 
sol alcohol, deliquescent, very volatile De- 
composed by heat mto NH, and cyaphenine 

Salts — B'HCl flat needles — B',H,PtCl,. — 
AgC.H^Nj. 

BENZAMIDO- v Benzoyl Amido- 

BENZAMEDO-ACETIC ACID v Hippubzo 

ACID 

BENZ.AMIDOXIM CAN,0 le 

PhC(NH2) NOH Benzenyl oxamidine Han- 
zenylr-amidoxim Isomtroso benzylamine [80*^. 

Formation — 1 By the action of hydroxyl- 
amine on an alcohoho solution of benzomtzile 
(Tiemann, B 17, 128) — 2 By the action of 
hydroxylamme on the hydrochlonde of bens- 
amidme — 8 As a by pr^uct m the action of 
hydroxylamme hydrochloride upon benzumdo- 
ethyl-ether — 4 By digestmg thio-benzaznido 
with an alcoholic solution of hydroxylunine 
(Tiemann, B 19, 1668) Long flat monosym- 
,^etnoal pnsms a.6.0 » 2 602.1.1*077. YolatiliiM 
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tmdeoomposed V sol. alcohol, ether, benzene, 
and hot water, sL sol cold water It is poi- 
sonous It dissolves both in acids and alkalis 
^’e^CL gives a red colouration The ammo 
macal solution gives white crystalline pps with 
JBaOl,, AgNOj, Pb(OAo)2, and ZnS04 The silver 
pp on heating in the solution m which it is 
formed gives a splendid silver mirror 

Reactions — 1 Gives the carbamine reao 
tion with chloroform and alcohohc potash — 
2 Nitrous acid forms benzamide — 8 Sodium 
amalgam reduces it to benzaldoxim and NH, 
^Tiemann a Nageli, B 18, 1086) — i When 
quickly heated at 170° it splits up into benzo 
nitrile and NH, — 6 By heating with acetic 
anhydride it yields benzenyl azoxim-ethenyl 

Salts — -A'Na white crystalline solid, de 
composed by water — A'K crystals — A Ag 

unstable white crystalhne pp — A'(CuOH) 
amorphous dark green pp — A'H,HC1 large flat 
plates or concentric needles — A'H,H SO4 large 
prisms — (A'H)2H2S04 amorphous solid 

Methyl ether— Mile [57°] , (230° un 
corr ) , prisms , v sol alcohol, ether, and benz 
ene, si sol water By HCl and NaNOj it is 
converted into benzenyl methoxim chloride 
C,H, OCl(NOMe) 

Ethyl ether — A'Et [67°], tnmetnc 
plates By dilute HjSO^ and sodium nitrite 
it is converted into benzhydroximic - ethyl - 
ether {benzoyl hydroxylamine ethyl ether) 
CAC(OH)NOEt With HCl and NaNO, it 
yields benzenyl ethoxim chloride 

Benzyl ether — A'C,H, [91°] , scales 
Benzoyl derivative — 

C,H, C(NH^) NOBz [140°], slender white 
needles , v sol alcohol, ether, and aqueous 
acids, insol water On heating it readily splits 
off H^O, giving rise to benzenyl azoxim benzenyl 

Acetyl derivative CgH, C(NH2) NOAc 
[96°], thin plates or flat prisms, sol alcohol, 
fil sol ether, v si sol water By boihng 
with water it loses HjO and is converted into 
benzenyl azoxim ethenyl 
Butyryl derivative 
C(NH2 ) no CO C,H, [94°] fine needles 
Ethylene*^ ether (Ph C(NH2) NO)2C2H4 
[166°] White plates Sol alcohol, ether, 
benzene, and ligrom, insol water Formed by 
heating an alcohohc solution of benz amidoxim 
(2 mols ) and sodium ethylate (2 mols ) with 
ethylene bromide (1 mol ) 

Compound with chloral CgH^NjCljOj [136°] 
Obtained by mixmg the constituents White 
crystalhne powder V sol alcohol and ether, 
insol water By treatment with HjSO^ or by 
long boihng with water it is resolved into its 
components (Falck, B 19, 1486) 

References — Pmner, B 17, 184 , Tiemann 
a Krtiger,H 17, 1685, 18, 731, 1053, Tiemann, 
B 19, 1479, 1668 , Schulz, B 18, 1080 , Falck, 
B 19, 1484 fu also Azoxims) 

Belli amidoxim carbonic ether 
CAC(NEy NOCOjEt [127°] Formed by the 
action of ohloroformic ether upon ^nz 
amidoxim (Falck, B 18, 2467) Long glisten- 
;ing needles. V. sol, alQonol, ether an(^ 


benzene, less in ligroin On heating it spliti 
off alcohol, forming benzenyl azoxim carbmol 

C.H. 0^j^°^C(OH) 

Carbonyl-di bena amidoxim OjjHi^OjN^, t e 

C«Hj 0 (n]^) NO^^^ ^129°] Formed by the 

action of carbonyl chlonde upon benz amidoxim 
dissolved in benzene (Falck, B 18, 2470) 
White plates Sol alcohol and ether, v si sol 
benzene, insol water 

BENZ-AMID0XIM-m-CAEB07YLIC ACID 

CANA le [3 1] CA(C02H) C(NOH)NH 
[200°] Crystalhne solid Sol hot water and 
alcohol, si sol ether, nearly insol chloroform 
and benzene 

Formation — 1 By saponification of the 
ethyl ether which is obtained by combination of 
m cyano benzoic ether with hydroxylamine — - 
2 By digesting a miSfture of equivalent quan- 
tities of m cyano benzoic acid, hydroxylamine 
hydrochloride, and sodium carbonate, in dilute 
alcoholic solution for 12 hours at 80°-100° 

Reactions — The aqueous solution of the 
ammonium salt gives sparingly pps with CUSO4, 
Pb(OAc) , AgNOg, and ZnS04 Heated with 
acetic anhydride it is converted mto m carboxy 
benzenyl azoxim ethenyl 

C.H.(CO,H)C<^j®>CCH, 

Ethyl ether A'Et [118°], needles, v sol 
alcohol, si sol water (Muller, B 19, 1495) 
Benz-amidoxim-p-carboxylio acid 
[4 1] CAiCO^H) C(N0H)NH2 [above 330°] 
Formed by digesting p cyanobenzoic acid (1 
mol ) hydroxylamine hydrochloride (1 mol ), and 
sodium carbonate (1 mol ) in dilute alcohohc 
solution for 18 hours Sol dilute alcohol, si 
sol water, nearly msol absol alcohol, ether, 
and benzene A dilute aqueous solution of the 
ammonium salt gives pps with CUSO4 and with 
AgNO, By boihng with acetic anhydride it is con 
verted into p carboxy benzenyl azoxim ethenyl 

C,H,(COjH) CH, (Miiller, B 19, 

1491) 

Ethyl ether A'Et [135°] , obtained by 
heating the ethyl ether of p cyanobenzoic acid 
with hydroxylamine m alcohohc solution (Mul 
ler, B 18, 2486) Colourless crystals, sol 
boilmg water 

BENZAM-MALONIC ACID v Carboxy- 

PHKNTL MALONAMIC ACID 

BENZAH-OXALIO ACID v Carboxy phenyl 

OXAMIO ACID 

BENZAM-SEBAOlO ACIDu Carboxy PHENYL- 

8EBA0AHI0 ACID 

BENZAM-SDCCINIO ACID v Carboxy- 

PHENYL SUCCINAMIC ACID 

BENZ-AKHTDBO- v Benzenyl or as deri- 
vatives of Benzamidine 

BENZABSEN- v Arsenic, oroanio deriva- 
tives OP 

BENZAESENIC ACID v Arsenic, oroanio 
derivatives op 

BENZ-BBOMO-QDIKOLIKE v (B)Bromo. 
quinoline 

BENZ-CHLOBO-AHIDE v Benzaiods 
B£irZ-CHL0B04%DIR0LIHEi} (B) Oblobo- 

QUXNOLXNK. 
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B£irz-oBEATnr 
Ben*. (a) methyl glyoocyamine 
NHj, C(NH) NMe COjH From benzgiyco 
oyamme, cono KOH, methyl alcohol, and 
Mel (Gness, B 8, 324) Narrow lamin® (con 
taming 1^ aq), b 1 sol water and alcohol De 
composec^ by baryta into urea and methyl 
amido benzoic acid — B'HClaq — B'aHaPtCla2aq 
Bena-(^) methyl-glycocyamme 
NHMe C(NH) NH COjH From ‘ ethoxy 

caibimidamido benzoic acid* and cold cono 
NMeHj solution Laminaa, v si sol cold water 
Boiling baryta forms methyl urea and amido 
benzoic acid — B'HCl — B' H^PtCL 2aq 
BENZCREATININE 

o Benz (o)-methyl-glycooyamidine CgHjNaO 
.N(CH3)-C,H, 

t e HN tn I Prepared by the 

\nh CO 

action of Mel on o benaglycocyamidme (Gness, 
B 13, 978) White needles Sol alcohol, si 

sol ether and hot water Insol caustic alkalis 
Salts — B'HClaq soluble plates. 
(B'HCl),PtCl, 

0 Benz-(a)-methyl-glyoocyamidine 

.NH — C,H. 

C^H^N^Oie HN = C< 1 

\N(CH3)— CO 

Prepared by the action of methylamine on 
‘ et^ioxy cyan amido benzoyl ’ (CioHi^N 0 J 
(Gness, B 13, 978) White needles Sol 
caustic alkalis Weak base 

Salts — B'HCl small tables or prisms, 
decomposed by water — (B'HCl)2PtCl4 spaimgly 
soluble yellow plates 

BENZCYANIDINE v Benzoyl cyanide 
BEKZEXNS These bodies, which much re 
semblethe phthaleins, are hydroxylated aromatic 
carbmols, such as di-oxy tri phenyl carbinol 
CgHj C(CeH^OH)2(OH) Prepared by heating 
phenols with benzotrichlonde The compound 
from resorcin is yellow, those from cresols, 
pyrocatechin, hydroquinone, orcin, and (j8) 
naphthol are yellow or yellowish red, pyrogallol 
gives a blue, and (a) naphthol a green dye On 
reduction they give the corresponding denva 
tives of methane (Doebner, B 13, CIO , A 217, 
227) 

BENZENE CgH, Mol w 78 [6°] (801°) 

(B Schiff, A 220, 91) SG 8839 (S ) , 
^ 8799 (Bruhl) V B 2 74 (calc 2 70) (S ) 

S H 3834 + 001043^ at t° (B Schiff, A 234, 
320) H C p (liquid) 776,000 (Berthelot, A Ch 
[5J 23, 193) , 779,530 (Stohmann, Bodatz a 
Herzberg, J pr [2] 33, 258) , (gaseous) 

799,350 at 18° (Th) , 787,488 (S B a H) 
H F p (as vapour) - 12,510 (Thomsen, Th 4, 61) , 
H F v - 13,670 {Th) C E (14 2 to 80 1) 00136 
(S) SV 95 94 (S), 95 8 (Ramsay, C J 35, 
463) 1 5134 (B ) , jun 1 5062 at 14° (Negreano, 

C R 104, 423) , 1 5050 (Gladstone, C J [2] 7, 
101) B 00 42 16 (B ) , 44 02 (Kanonnikoff, J pr 
[2] 31, 352) Dielectric constant 2 292 at 14° (N ) 
Formation — 1 By heating benzoic acid with 
hme (Mitscherhch, A 9, 89 , Peligot, A 9, 48, 
267 , 11, 277 , 12, 39), or by passing the vapour 
of benzoic acid over red hot iron (Darcet, A 
Ch [2] 66, 99) — 2 By heating phthahc acid 
with lime (Mangnao, A 42, 217) —3 By dry 
distillation of qmnio aoid (Wbhler, A 61, 146) — 
VoL I 


4 By passing oH of bergamot over red-hot 
lime (Ohme, A 31, 818) — 6 Together with 
naphthalene, styrene, retene, Ac , by heating 
acetylene to a red heat (Berthelot, A Ch [4] 9, 
469) Benzene is among the products obtained 
by passing toluene, xylene, i^-onmene, orstyrjBne 
through a red hot tu^ — 6 Metallio succinates 
give on diy distillation a liquid (hydroquinone 
dihydnde ‘^) which yields benzene when distilled 
with zinc dust (v Richter, J pr [2] 20, 206) — 
7 From benzene sulphonic acid by passing 
steam through its solution m diluted HjSO^ at 
175° (Armstrong a Miller, C J 45, 148) — 8 
From phenol (70 g ) by distilling with 
The yield is small (16 g ) SOgHjOH + P^S, 
= 2(CeH3)3PO, + 8H2S-r2C„H3 (A Geuther. A 
221, 55) — 9 The homologues of benzene when 
treated at their boiling points with a current of 
HCl gas in presence of AUCl^ evolve MeCl and 
yield lower homologues, but at the same time 
part of the MeCl attacks other portions of the 
hydrocarbon with production of higher homo 
logues Thus if HCl is passed into boiling m 
xylene containing Al Cl,,, benzene, toluene, 
pseudocumene, mesitylene, and durene are 
obtained (Jacobsen, B 18, 338 , Anschutz a. 
ImmendorU, B 18, 657) — 10 Benzene is pro- 
duced when benzyhdene chloride, PhCHCl^, or 
benzotrichlonde, PhCClj is heated with soda 
lime (Limpricht, A 139, 303) — 11 From diazo 
benzene nitrate or sulphate by heating with 
alcohol or alcoholic KOH 

Preparation — 1 Coal tar is distilled and the 
fraction boiling below 150° is freed from 
phenols by shaking with NaOHAq and from 
bases by shaking with H SO^ It is then recti- 
fied It is convenient to keep the still head 
at 100° toluene is then condensed while 
benzene passes over (Faraday, T 1825, 440, 
Hofmann a Mansfield, C J" 1, 244) On the 
large scale the distillation is performed m an 
iron boiler, to which is attached a tall vertical 
column divided into compartments , the fire is 
regulated so that pure benzene passes over, 
while its homologues condense and run back to 
the boiler Benzene is completely freed from 
its homologues by cooling with ice and salt, 
when it solidifies and the homologues which 
remain fluid may be pressed out It is freed 
from thiophene b> shaking with cono H^SO^ — 
2 A mixture of benzoic acid (1 pt ) and slaked 
lime (3 pts ) 13 distilled from an iron tube the 
product IS shaken with KOHAq, distilled with 
steam, dried with CaCla and Na and rectified 
Diphenyl and benzophenone are by products 
The benzoic acid used must not be prepared from 
toluene, otherwise it will contain thiophemo 
acid, and the benzene will contain thiophene 
Properties — Colourless, mobile, strongly re- 
fracting liquid Volatile with steam Scarcely 
soluble in water, v e sol alcohol, ether, glacial 
acetic acid, acetone, and chloroform Crystal 
lises in trimetric pyramids, a he— 891 1 779 
(Groth, Z [2] 6, 653) It dissolves S, P, I, fats, 
resins, oils, and many alkaloids It bums with 
a luminous flame , Ig burnt with excess of 
hydrogen giving out a bght equal to 5 8 g of 
spermaceti When burnt with CO, and CH4, 
the light equals that of 6 1 g , and 7 8 g , of 
spermaceti respectively (Frankland a Thome, 
C. J 33, 93) There are four bands in th» 
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ultra violet absorption spectrum of benzene 
(l^rtley, C J 89, 162 , 47, 694) 

Det^tton — Benzene is converted by fuming 
HNOa into nitro benzene , this is washed with 
water and reduced by tm and HOI to aniline , 
caustic soda is added and the amline extracted 
with ether, the ether is evaporated and the 
aniline dissolved in much water , the aqueous 
solution gives a violet colour with bleaching 
powder A mixture of HNO, and H SO^ forms 
di nitro benzene, which, after crystallising from 
dilute alcohol, melts at 89° 

Detection of Thiophene in Benzene — Thio 
phene, which is usually present in small quanti 
ties in commercial benzene, is indicated by the 
blue colour produced by shaking with cone 
H SO4 and isatm (V Meyer, B 16, 1466 , Baeyer, 
B 12, 1309) 

Impurities —Crude benzene may contain 
traces of toluene, xylene, thiophene, CSj, amyl 
ene, crotonylene, alcohol, and acetonitrile 

Reactions — 1 Benzene when passed through 
a red hot tube forms hydrogen, a little acetylene, 
diphenyl, benzerythrene C24H4g, p di phenyl 
benzene, iso di phenyl benzene, and triphenyl 
ene (Berthelot, Bl [2] 6, 272, 279 , G Schultz, 
A 174, 201 , H Schmidt a G Schultz, A 203, 
118) — 2 A mixture of benzene vapour and 
ethylene passed through a red hot tube gives 
diphenyl and small quantities of anthracene, 
styrene, and phenanthrene (Berthelot, Bl [2J 
7, 113, 274 , Ferko, B 20, 660) —3 A mixture 
of equivalents of benzene and toluene dropped 
at the rate of 80 g per hour from a tap funnel 
into the turned up end of an iron tube kept at 
low red heat is converted, to the extent of about 
10 per cent , into gases, naphthalene, diphenyl, 
p tolyl di phenyl, 0 p di tolyl, (7) and (5) ^ 
phenylene methane, phenanthrene, anthracene, 
di phenyl benzene, a hydrocarbon C82H28, a 
ydrocarbon [13°] (293°-316°) and two liquid 
hydrocarbons (359°-883°) and (404°-427°) (Car- 
nelley, C J 87, 701) — 4 Induction sparks 
passing through liquid benzene produce a gas 
that contains 42 pc acetylene and 67 p c 
hydrogen (Destrem, Bl [2] 42, 267) — 6 Alu 
minium chloride {v p 147) acting upon a mixture 
of benzene and an alkyl chloride causes HCl to 
escape with the resulting formation of an alkyl 
benzene (Friedel a Crafts, C B 84, 1392, 1450 , 
85, 74 , A Ch [6] 1, 449) (a) Thus methyl 

chloride passed into a mixture of benzene and 
AljClj gives toluene, o ^ m , and p xylene, 
cumene, mesitylene, durene, isodurene, penta 
methyl benzene, and hexa methyl benzene (Ador 
a RiUiet, B 12, 829, Jacobsen, B 14, 2b24) 

(b) Chloral is converted by benzene in presence 
of AljCle into CPhCl2CH(OH)Cl, the hydro 
chloride of oo-di chloro phenyl acetic aldehyde 
(Combes, C B 98, 678, Bl [2] 41, 882) 

(c) Methylene chloride m presence of AljCl, 

gives di phenyl methane, anthracene, and tolu- 
ene (Fnedel a Crafts, Bl [2] 41, 322) (d) 

Chloropicrin, AljClg, and benzene form CHPh, 
and Ph,COH (Elbs, B 16, 1274) {e) AIM 

chloride^ Al^Clj, and benzene give di phenyl - 
propane and n propyl benzene (Wispek a Zuber, 
A 218, 874) (/) Vinyl bromide, AlgClj, and 

benzene give ethyl benzene, w-di phenyl ethane, 
and di methyl anthracene dihydride (Angeblis 
a. Ansohhtz, B 17, 167) Vinyl tnbromide. 


OHjBr 0HBr„ gives di benzyl {g) Oxygen passed 
into boihng benzene contaimng aLc 1« forms 
phenol (Friedel a Crafts, C B 80, 884, ef 
Senll, A 220, 282) (h) Sulphur mixed with 

boiling benzene and AisCl, forms phenyl mer- 
captan, di phenyl sulphide and ‘ diphenylene 
disulphide’ (C„H4)o8j (Fnedel a Crafts, C R 
86, 884) (i) Sulphurous acid, Al^Clg, and benz- 

ene give di phenyl sulphoxide, PhjSO (Colby a. 
McLoughlin, B 20, 196) (y) Acetylene in pre 

sence of AlgClg forms styrene, di phenyl ethane, 
and di tolyls (Varet a Vienne, HZ [2] 47, 917) — 

6 Heated with AljClg (2 pts ) at 200° in sealed 
tubes benzene gives toluene, ethyl benzene, and 
diphenyl (Friedel a Crafts, C R 100, 692) — 

7 Phenol is among the products of oxidation 

of benzene by (Leeds, Ph [3] 11, 1068, 

cf Kmgzett, C N ii, 229) Phenol is also 
formed when benzene is digested for some days 
at 40° with cuprous chloride and dilute HCl, 
atmospheric oxygen attacking benzene and 
Cuplj simultaneously (Nencki a Sieber, J pr 
[2] 26, 26) In the animal body it is oxidised 
to hydroqumone and pyrocatechm (Nencki a 
Giacosa, H 4, 325 , cf Schultzen a Naunyn, 
G C 1867, 706) Oxidation with MnO, and 
dilute H2SO4 produces formic, benzoic, and 
phthalic acids (Canus, Z 4, 605 , A 148, 
60) The formation of benzoic acid is per 
haps preceded by that of diphenyl (Kek 16) 
PbO^ and give benzoic acid, PbOg and 

boiling dilute HNO, give only oxalic acid , CrO, 
gives only CO^ (Holder, Am 7, 114) — 8 PCI, at 
a red heat forms PhPCl,, diphenyl, and P 
(Michaelis, A 181, 265 , Kohler, B 13, 1623) — 
9 Splj at 250° forms chloro benzene, HCl, and 
S (Schmidt, B 11, 1168) — 10 Iodic acid and 
H2SO4 on heating slowly form lodo benzene 
(Peltzer, A 136, 194) —11 SO^Cl, at 160° gives 
chloro benzene (Dubois, Z [2J 2, 706) — 12 
Cl SO, OH forms PhSO^Ph, PhSO^Cl, and 
PhSO,H (Knapp, Z [2] 6, 41) —13 HCIO forms 
CaH,(OH),Cl, the tnchlor hydrin of phenose 
(Canus, A 136, 323) — 14 Aqueous HCIO, forms 
trichloro phenomahe acid, chloro benzene, and 
dichloro quinone (Canus, A 142, 129) — 16 
CrOjCl, acting upon benzene diluted with HO Ac 
(1 vol ) gives trichloro quinone ^Carstanjen, J 
pr 107, 331) When benzene is heated with 
CrOpl, there is formed a brown pp of 
C„H4(Cr02Cl), which is converted into quinone 
by water (Etard, A Ch [5] 22, 269) — 16 Con 
denses with sulphuno acid and aldehydes, XCHO 
to XCHPh, Thus chloral forms CCl, CHPh, , 
hromal forms CBrgCHPh, , chloro-aldehyde forms 
CH Cl CHPh, , formic aldehyde forms CH,Ph, 
(Goldschmiedt, B 6, 986 , Hepp, B 6, 1439) — 
17 Benzene is not attacked by HIAq and P 
at 260°, but at 280° it gives hexahydro benzene 
(Wreden a Znatowicz, A 187, 163 , cf Ber 
thelot, A Ch [8] 16, 160) — 18 When chlorine 
is passed into benzene containing thiophene 
HCl 18 evolved and the benzene then no longer 
gives the indophenme reaction (Willgerodt, J 
w [2] 83, 480) Pure benzene is not attacked 
by chlorme in the cold and in the dark, but at 
80° or in sunhght benzene hexachloride is formed 
In presence of earners, i e substances capable 
of combining with chlonne in more than one 
proportion, chloro benzenes are produced — 19* 
Nitric acid forms nitro and di nitro benzenee. 
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ComhinaHons — ( 0 ,H,),A 1 C 31 , [8®] Decom- 

g 3B«d water into oenzene and alumina , with 

r it gives C,Br, (Gustavson, B 11, 2161) — 
(C.Hg)|AlBr, — (CaHa)28SbCl, monoohnio tables, 
formed by warming SbCl, with benzene 
(Watson Smith a Davis, 0 J 41, 411) 

PotaSllum-benzene C^HjK mixed with 
0,,H4K2. Formed by heatmg benzene with K at 
260° (Abeljanz, B 5, 1027 , 9, 10) Blue black 
crystalline mass, insol benzene Takes fire in 
air Converted by water into di phenyl benz 
ene, hydrogen, and di phenyl 

Constitution of Benzene — That the molecu 
lar foimula of benzene is CgHg, and not any 
multiple or submultiple of this, is settled, not 
only by its vapour density, but also by the exis- 
tence of the following senes CgHriCl, CaH^Clj, 
C^HjCl,, C«HjCl„ C«HC1„ C«C1« We may call 
the SIX atoms of hydrjgen in the molecule of 
benzene, a, 6, c, d, e, / The first question is 
are these six atoms of equal value, or could we, 
by displacing a by an element or radicle B, get 
a product different from that which would be 
produced by displacing 6 by R ? 

PaoposiTioN I — Four, at least, of the hydrogen 
atoms are of equal value 

Ordinary phenol contains hydroxyl in place 
of one hydrogen call this hydrogen a Biomino 
and phosphorus convert phenol into CgH^Br 
Soaium and carbonic acid convert this bromo 
phenol into sodio benzoate, CgHg CO Na Hence 
the carboxyl of benzoic acid has taken the 
place of the hydrogen atom a Now, there exist 
three oxy benzoic acids, CgH4(0H)(C02H), and 
since in these the carboxyl is in position a, the 
three hydroxyls must have displaced three other 
atoms of hydrogen, say b, c, and d When dis- 
tilled with lime, these three acids, instead of 
giving three phenols, the hydroxyl being in places 
6, c, d, give the same phenol which is identical 
with the original phenol Hence, the four hy 
drogen atoms which we have called a, b, c, and 
d, are of equal value (Ladenburg, B 7, 1684) 
Proposition II — To every hydrogen atom in 
the molecule of benzene there are two pairs of \ 
hydrogen atoms similarly related Benzoic acid, j 
a 

CgH5(C02H) gives bromo benzoic acid, which 

e a 

we may call CaH4Br(C02H) This, when acted 
upon by nitric acid, produces two isomeno 
nitrobromo benzoic acids We may call these 

C,H,(N0j)Br(C02H), and 

CgH,(NOj)Br(CO*2H) 

But by reduction these lose their bromine, and 
give rise to amido-benzoio acids 

0gH4(NH2)(00,H), These 

are found to be identical, being anthranilic acid 
Hence, 6 and / are symmetrically related with 
regard to a {Hubner a Petermann, A 149, 129) 
Again, ordinary nitro benzoic acid may be con- 
verted into the above bromo benzoic acid by the 

e a 

diazo reaction, hence it is CaH4jN02)(002H) 
On nitration it gives a di mtro oenzoio acid 

which we may call CgH,(N0,){N0,)(C02H), 

eta 

which maybe wdiioed to C,H,(NOJ(NHs)(C02n), 


whence we may successively pirepare 
C.H,(N 0 ,) 01 (C 02 H), CA(N3^C1(001h), and 

e a 

G,H4C1(C0,H) The last acid is found to be 
identic^ with the chloro benzoic acid 

e a 

CgH^C^COjH) obtained by the diazo reaction 

c a 

from CgH4(N02;(C02H) Hence c and e are 
similarly related with regard to a Therefore 
we have a second pair of hydrogen atoms simi 
larly related with regard to a (Hiibner, A 222, 
94, cf Wroblewsky, A 192, 206) 

pROPOhinoN III — The six atoms of hydrogen 
in the molecule of benzene are of equal value 
Since a, b, c, and d are of equal value, and the 
situations of / and e are similar to those of h 
and c respectively, all six atoms of hydrogen 
are similarly placed and of equal value This 
conclusion might also be deduced from the fact 
that no instance of isomerism among the mono 
substitution products of benzene has been 
proved 

Isomerism among di substitution products 
Since two pairs of hydrogen atoms are symme 
trical to any fifth, it follows, that only three di 
derivatives of benzene can exist with a given 
formula Using our former notation, these are — 
ah -af,ac = ae, and ad 
This IS confirmed by experiment 

Structural formula — Since the atom of 
carbon is assumed to be tetravalent, all the 
hydrogen atoms of benzene cannot be attached 
to the same atom of carbon, and symmetry re 
quires that they must be either each attached 
to one carbon, or else three must be attached 
to one, and three to another, or, finally two 
must be attached to one carbon, two to another, 
and the remainmg two to a third The two 
latter hypotheses do not account for more than 
two di substitution products , hence the former 
is established The carbon atoms must be united 
amongst themselves in a symmetrical fashion 
Each atom of carbon must be united with at 
least two other atoms, or the group would not 
hold together , but it may be umted with three 
other atoms The former hypothesis results in 
the formula 



H 

This 18 the nng formula of Eekul4, which la 
one of the two formulae ongmally put forward 
by him {A 137, 160) If we number the posi- 
tions occupied by the atoms of hydrogen thus, 


I 



4 
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yfQ see that tha formula shows the possible 
existence of four di substitution products — viz 
1 4, 1 3, 1 2 and 16 To get over this diffi 
oulty, Kekul6 resorts to a peouhar mechanical 
hypothesis He supposes that what we repre 
sent by straight lines in a formula really mdi 
cates that two atoms vibrate with reference to 
each other so that the above formula would 
mean that, in a given unit of time, 1 approaches 
6 twice as often as it approaches 2 , and so for 
the other atoms Now, if this were the case, 
the di substitution product 1 2 would differ 
from 1 6 , but he assumes that the motions of 
1 are as follows first, it approaches 6 twice , 
then it approaches 2 once , next it approaches 
6 once , then it approaches 2 twice , then 6 
twice , 2 once , and so on This is equivalent 
to saying that the above formula for benzene 
IS true for one instant, after which it changes to 



and the next instant it changes back again, and 
80 on This assumption leads to the deduction 
that only three di derivatives can exist, and, if 
we could devise no other formula for benzene, 
we should be obliged to accept it As a matter 
of fact, it IS now almost universally adopted , 
not so much on its mtnnsic merits, as on account 
of the enormous service which it has rendered 
to chemistry 

There remains, however, a second hypothesis 
possible, which is that every atom of carbon is 
united to three other atoms The following 
mechamcal construction may help to elucidate 
this hypothesis 

Let three rods be dnven into the ground at 
the angles of an equilateral triangle, and let the 
top of each rod be joined by elastic stnng with 
the bottom of each of the two adjacent rods 
A figure somewhat resembling a coronet is 
obtained, and we may suppose the six atoms 
of carbon in the benzene molecule situated at 
the two extremities of each of the three rods 
At first sight it might appear that this repre 
sentation of the benzene molecule would mdicate 
the existence of three di derivatives — namely, 

(1) when the substituted hydrogens are attached 
to two carbon atoms at opposite ends of one rod , 

(2) when they are attached to carbon atoms which 
are both on the upper or both on the lower 
ends of two different rods , (3) when one carbon 
atom 18 on the upper end of one rod and the 
other IS on the lower end of another rod But 
if we assume that formulas and other mechanical 
symbols represent not actual position in space, 
but merely modes of combmation of atoms, 
especially showing which atoms are directly and 
w^ch indirectly united, (3) is identical with 
(1), for it can be converted into (1) by simply 
holdmg the stnng, at the opposite ends of 
which the carbon atoms have been placed, up 
right, and doing the same with the two corre 


sponding strings The rods will now take posi- 
tions formerly occupied by the strings now 
held upright, and the figure will be the same 
as before Hence this figure for benzene gives 
only two di- derivations, and accordingly it 
must be discarded When the figure we have 
just considered is projected on a plane h assumes 
the form 

H H H 



This figure, by simply twisting the central rod, 
18 converted into 



This symbol, which has been a favourite 
with some chemists, must, of course, be aban 
doned along with the solid figure from which it 
is derived , but it is also very easy to see that 1 2 
and 1 4 di derivatives, are identical, since if 
we pick up the carbon atom (4) and place it 
upon (2), and then take up (2) and place it 
where (4) was, supposing all the while that the 
connections, which we may imagine to bo elastic, 
are not broken, the figure wiU be wholly un 
altered 

There remains one other benzene formula 
it 18 obtained by joining the ends of the three 
rods placed vertically by six strings as before, 
but with this difference, that whereas in the 
previous formula the top of one rod is joined to 
the bottom of the others, in this formula the 
top of each rod is joined with the top of each of 
the others, and the bottom of each rod is joined 
with the bottom of each of the others Wo 
thus obtain a right anglpd pnsm on a tnangular 
base This formula, defended by Ladenburg 
{Theone der a/romahschen Verbtndungen, Brnns 
wick, 1876), 18 capable of explaining most of the 
reactions of benzene, and the objections that 
have been brought against it are chiefly the 
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r^ult of misconception of its nature Projected 
apon a plane this formula becomes 


HO) 

C 



If the upper triangle be rotated through 180°, 
and then the figure be projected upon a hori- 
zontal plane, we obtain a figure which resembles 
a star 



The two former figures are not symmetrical, 
but the latter is clearly so, and it has this 
advantage over the prism formula, that, if the 
atoms of carbon are numbered consecutively, 
they correspond to the atoms of carbon m 
KekuU’s formula, also numbered consecutively , 
whereas this would not be the case with the 
second of the three formula here given, which is 
that used by Ladenburg 

For most purposes it will not be necessary 
to decide which formula we adopt, for both the 
star formula and the formula of £ekul6 



may be represented by the simple hexagon 




The nnmbenng of the carbon atoms here given 
IB used throughout this dictionary Thus, the 
expression 0,H<Br, [1 5] must be taken to 
mean that one bromine atom has displaced the 
hydrogen atom numbered (1) and the other the 
hydrogen atom numbered (5) 

Physicists have tried to decide between the 
formuhe of Eekold and Ladenburg Thomsen 


4di 

(Th iv 272 , A 206, 188) considers that thermo- 
chemical data favour Ladenburg* s formula, but 
the assumptions he makes in the course of his 
argument lead him in other oases to impossible 
conclusions The specific volume of benzene 
is 96 , whereas that calculated on the assumption 
that the 8 V of C » 11, and that of H » 6 5 is 
99 this would merely show that the relation 
between the carbon atoms m the benzene mole- 
cule is different from that in saturated paraffins 
If we compare the specific volumes of hexane, 
diallyl, and benzene, we find that 

Hexane, CgH,^ has a 8 V 140 0 
Diallyl, CgH,. „ „ 125 7 

Benzene, CgH* „ „ 95 9 

We see that the difference between the first and 
second (14 3) is less than that between the 
second and third (29 8) and that when hexane 
18 converted mto benzene by the removal of 
8H the 8 V is lowered by 8x56, while the 
removal of 4H, in converting hexane mto diallyl, 
lowers S V by only 4x86 That is to say the 
want of saturation of diallyl is accompanied by 
an unusually large specific volume, whereas this 
IB not observed in the case of benzene This 
would mdicate that benzene is not unsaturated 
in the ordinary sense, and can be used as an 
argument in favour of Ladenburg’s formula for 
benzene (Lessen, A 214, 129 , B Schifl, A 220, 
303) 

On the other hand, the 8 V of hexahydro- 
toluene (141 8) differs from that of toluene (118) 
by 23 8 This is about three times the difference 
(7 2) between the 8 V of pentane (117 2) and 
amylene (110) Hence it would appear that the 
change in the state of saturation m passing 
from hexahydro toluene to toluene is of a 
similar character to the change m passmg from 
pentane to amylene the removal of H^ m both 
cases produemg a dimmution of between 7 and 
8 units m the SV This supports Kekul6’a 
formula for benzene (Lessen, A 225, 119 , 
Horstmann, B 20, 766) 

The refractive power of benzene is about 
equal to that calculated on the assumption that 
Kekul^’s formula is correct, provided that cer- 
tain assumptions are made regarding the con- 
nection between the refractive powers of com- 
pound molecules and the refractive powers of 
the constituent atoms (Bruhl, A 200, 228, 
Kanonnikoff, J R 15, 473) 

Passing from physical to chemical consider- 
ations, we note first that the behaviour of 
benzene towards halogens is, on the whole, 
more like that of a saturated than an unsatu- 
rated compound The following special argu- 
ments have also been employed Sodium acting 
upon succinic ether gives sucemyl succimo ether, 
which loses H^ on oxidation, changing to di-oxy- 
terephthalio ether The formula of succmyl- 
Euccinic ether may be written m one of the 
foUowmg ways 

(I) COj^tCH COCH, 

I I 

CH, CO CH CO^t 

(II ) COjEt CH C(OH) CH 

CHyC(OH) C CO,Et 
(HI) COjEt CH C(OH) CH 

CHC(OH) CHCOaBt 
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(IV) COaEtC 0(0H)CH, 

CH, C(OH)OCO,Et 
(V) COsEt CH CO— CHa 

COjEt CH CO CH, 

If the first correctly represents suocmyl succmio 
ether, it must be supposed to change into (II ), 
(in ), or (IV j during the oxidation The third 
formula would naturally lead to the formula 
.C(OH)-CH. 

COoEt COjjEt and therefore 

\OH-C(OH)/ 

>CH = CH. 

to the benzene formula ^CH 

\CH=CH/ 

proposed by Wislicenus, a formula which would 
indicate the existence of two chloro benzenes 
The second formula 

would give 

CO^t COjEt on oxidation. 

a formula based upon Kekul6’s ring The fourth 
formula, like the third, leads to the benzene 
nng of Wislicenus The fifth formula would 
lead to Kekul6’s or Wislicenus’ ring, but with 
the carboxyls in the ortho position, whereas in 
terephthaUc acid they are in the para position 
liodenburg’s formula for dioxy terephthahc acid is 
>CH CH V 

co^t 1 ^c COjEt, the forma 

\(i(OH)— C(OH)'^ 

tion of which from formulas 1 , 11 , III or IV 
irequires the improbable assumption of a wander- 
ing of hydroxyl such as takes place when salicylic 
acid changes to p oxy benzoic acid Laden 
burg’s formula can be derived from V, but only 
by assuming a rearrangement of the unsaturated 
umons 

By the action of sodium upon malomc ether 
a tncarboxylic ether, 

CO^Et 

A 

, IS formed 


COjEtCH CHCO^Et 


ifl found to be phloroglucin tn carboxyho ether, 
CO^t 

A 

HO(/^ C(OH), and this undoubtedly 

I II 

CO Etc CCO^t 

C(OH) 

faTonrs Kekul^’s hypothesis, especially when it 
IB remembered that phloroglucm, 

C(OH) forms a tn-oxim C(NOH) 

& CH H,C CH, 


C(OH) C(OH) 


(E(ON)C C(NOH) 


It Will thus be seen that, !n spite of the great 
number of researches carried out on the benzene 
derivatives, the constitution of benzene itself 
still remams unsettled 

Recent discmsvons on the Beneene formula — 
Ladenburg, B 19, 971 , 20, 62 , Baeyer, B 
19, 1797 , A K Miller, C J 61, 208, ffhomsen, 
B 19, 2944 , Claus, B 20, 1422 


Orientation 

Benzene gives nse to only one mono substi- 
tution product It gives three di substitution 
products, and these, assuming either Kekul^’s or 
Ladenburg’s formula, are named as follows 
1, 2 1, 6 IS called ortho 

1. 3 » 1, 6 „ ,, meta 

1. 4 M „ para 

When we come to tji substitution products 
we must distinguish several cases — 1 Com 
pounds of the formula C^HjAs, that is to say, 
where the three substituting elements or radicles 
are all alike There are three such compounds 
1, 2, 3 IS called consecutive 
1, 3 , 6 „ „ symmetrical 

1, 2, 4 „ „ irregular 

2 Compounds of the formula CcHsABjf There 
are six such compounds — 3 There are ten 
compounds of the formula ChHjABC 

In the case of tetra- derivatives of benzent 

1 There are three compounds of the formula 

1, 2, 3, 4 IS called consecutive 
1, 2, 4, 6 „ „ symmetrical 

1, 2, 3, 6 „ „ irregular 

2 There are seven compounds of the formula 
CgHjjABg — 3 There are thirteen compounds of 
the formula CgHjA^B^— 4 There are sixteen 
compounds of the formula CgHgABOj. — 6 There 
are thirty compounds of the formula C^HjABCD 

There is only one penta derivative of the 
formula C^HAg, and only one compound of the 
formula C^A^ 

The next question is how to determine, in 
a given case, the position of substituting radicles 
in the benzene ring In isolated cases it is 
frequently found that this may be settled by 
special considerations, but the only gener^ 
method known is that which was thoroughly 
worked out, by Kekul6’s pupil Kdrner, in a 
most labonous research, in the course of which 
he discovered no less than 126 new compounds 
(<? 4, 306) This research has done more than 
anything else towards establishing the nng for 
mula for benzene 

Suppose we convert OjH 4 Br, into CgH,Br, 
by reference to a figure it will be found that we 
can introduce a bromine atom in place of an 
atom of hydrogen in ortho dibromobenzene in 
such a way as to produce either a consecutive 
or an irregular tribromobenzene, but not so as 
to produce a symmetncal product 

Meta dibromobenzene can give nse to con- 
secutive, irregular, or symmetncal, tribromo- 
benzene, while jpara-dibromobenzene can only 
give nse to an irregular tnbromobenzene 

An unknown dibromobenzene is therefore 
para , ortho or meta , according as we can get 
one, two, or three tnbromobenzenes by treating 
it with bromine Thus the dibromobenzene 
from dibromoamline gives nse to three tnbromo 
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benzenes, therefore it la a meta compound 
Again, the chief product of the action of two 
molecules of bromine upon benzene gives rise 
to only one tribromobenzene on further treat- 
ment with bromine, hence this product is 
para dibromobenzene On the other hand, the 
minor product of the dibrommation of benzene 
gives rise to two, and only two, tribromo 
benzenes , therefore it is ortho dibromobenzene 
In order to investigate the constitution of a 
given tribromobenzene, two methods may be 
followed either introduce another atom of 
bromine in place of hydrogen and see how many 
tetrabromobenzenes result, or displace an atom 
of bromine by hydrogen and carefully examine 
how many dibromobenzenes are formed It can 
easily be seen by reference to the formula that 
consecutive tribromobenzene produces two di 
bromobenzenesand also two tetrabromobenzenes, 
while symmetrical tnlftromobenzene produces 
one dibromo and one tetrabromo- benzene, and 
irregular tribromobenzene gives rise to all three 
dibromobenzenes and all three tetrabromo 
benzenes 

The following are the melting and boiling 
points of the bodies described 

Dihromohenzenes 

Ortho [ - 1°] (224°) 

• Meta liquid (220°) 

Para [89°] (219°) 

Trtbromobenzenes 
Consecutive [ 87°] 

Symmetrical [120°] (278°) 

Irregular [ 44°] (276°) 

Tetrabromobenzenes 
Consecutive (1, 2, 3, 4) [160°] 

Symmetncal (1, 2, 4, 6) [137°-140°] 

Irregular (1, 2, 8, 6) am [ 99°] (329) 

It will be observed that the isomendes differ 
widely in melting points, but very slightly in 
boiling points, and this is usually the case 
where isomerism is due to difference of position 
of substituents in the benzene nucleus 

The orientation of any given benzene deriva 
tive must be determined either by preparing it 
from one of the three bromobenzenes, or else by 
preparing a bromobenzene from it 

Examples 

Para dibromobenzene when treated with 
sodium and methyl iodide gives a dimethyl 
benzene or xylene CaH,Brj4- 2CHj I + 4Na=» 
2NaI 4 - 2NaBr + C8H^(CH3)2 By oxidation this is 
converted first into toluic acid, CgH4(CH^)CO H, 
and next into terephthalio acid, C3H4(C02H)2 
It 18 therefore evident that the xylene, the toluio 
acid, and terephthalio acid, are all para com 
pounds Also since a certain bromotoluene, 
0,H4Br(CH,), when treated with sodium and 
methyl iodide gives the above para xylene, it 
must be the pora-bromotoluene, and the bromo 
benzoic acid denved from it by oxidation— 
CeH^BrOH, + O, - C.H^Br CO^H 4 must be 
jwro-bromobenzoic acid 

As another example we may take the ortho 
senes A certain bromoaniline, €311461 NH„ is 
known to be ortho- because when the amidogcn 
is displaced by bromine the product is ortho- 
dibromobenzene Now, this ortho bromosmlme 


may be got by reducing a bromonitrobenzeno 
03H4Br(N02), which may be formed by diazo^ 
reaction from a mtroanihne C3H4(NH2)(NO,), 
and this may be got by acting on a nitroanisol 
C3H4(0CH,)(N02) by ammonia, and this mtro- 
anisol may be obtained from a nitrophenol 
C3H4(0H)(N02), and this nitrophenol may be 
itself reduced to an amidophenol C3H4(0H)(NH2), 
and this amidophenol may be converted by 
diazo reaction into a chlorophenol C3H4(0H)C1, 
and this chlorophenol may be converted by 
cautious fusion with potash into a dioxybenzene 
€3114(011)2 All the compounds here enumerated 
are clearly ortho compounds, and as the dioxy- 
benzene 18 found to be pyrocatechm, we have 
proved that pyrocatechm is ortho dioxybenzene 

In the para senes we may trace, m the same 
way, the connection between p dibromobenz 
ene and p nitroanisol C3H4(0CHg)N02 Thence 
we proceed by the following steps reduce 
to €3114(00113) (NHJ, convert this mto 
C3H4(OCH,)(OH) oy nitrous acid, and treat with 
hydno iodide In this way we get a second 
dioxybenzene, which is found to be hydro- 
quinone, and this body is therefore a para 
compound The remaining dioxybenzene is 
resorcin, which must be the meta compound. 

The rules governing substitution in the benz- 
ene molecule are discussed in the article Aro- 
matic Series Denvatives of benzene are de- 
scribed, as Aniline, Phenol, Bromo , Bromo- 
NiTRo , Chloro , Chloro nitro , loDo , Methyl , 
NiTRO , OxY BENZENE, etC 

BENZENE HEXABROMIBE C3H3Br3 
Bromme is dropped mto boiling benzene exposed 
to direct sunlight , the hexabromide cryst^ises 
out on cooling , it is separated from tri bromo 
benzene by sublimation, and finally crystalhsed 
from a mixture of alcohol and benzene 
(Mitscherlich, P 86, 874 , Meunier, C R , 101, 
378 , A Ch [6] 10, 269) Prisms, isomorphous 
with the (o) hexachloride , not attacked by HNO, 
or H2SO4 Alcoholic KOH splits it up into HBr 
and u tri bromo benzene If the product of the 
action of ZnEtj upon benzene hexabromide 
dissolved in benzene be oxidised with chromic- 
mixture, benzoic, isophthalic, terephthalic, and 
di bromobenzoio acids are formed (Ador a 
Rilliet, Bl [2] 24, 486) 

BENZENE CARBOXYLIC ACIDS v Benzoic, 
Phthalic, Tri mellitic, Trt mbsio, Hemt 
MELLlTIC, PrEHNITIC, PyROMELLITIC, MeLLOPHANIC, 
and Mfllitic acids 

Benzene penta carboxylic acid C,|H,0,o t-o. 
C6 H(COjH )3 Formed by oxidation of penta- 
methyl benzene (Friedel a Crafts, A Ch [6] 
1, 474) Amorphous (containing 6aq) The 
K salt forms small deliquescent pnsms , the 
salts of Ag, Pb, Ba, Fe, Cu, and A1 form 
insoluble pps 

BENZENE (a) HEXACHLORIDE C3H4CV 
Mol w 291 [167°] S G 1 87 Prepared by 

ohlonnatmg benzene in direct sunhght (Faraday, 
A Ch [2] 30, 276, Mitscherlich, P 35, 878, 
Lesimple, Bl [2] 6, 161) 360 g may be got 

from 600 g benzene (Leeds a Everhart, A C J 
2, 206) It may be freed from O3HCI3 and 
C3H2CI4 by treatment with H2SO4 or HNO, 
(Meunier, A Ch [6] 10, 223) Monoclinio 
crystals, may be subhmed At 288° it boils, 
sphttmg up mto HCl and (1, 2, 4) tri ehldf^ 
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benzene The same decomposition is effected 
by heating with alcoholic KOH 

Reactions — 1 Zinc reduces it, in alcoholic 
solution, to benzene (Zinin, Z 1871, 284) — 

2 Fuming nitnc acid has no action — 3 Silver 
acetate forms crystalline CuH^C^(OAc)8C4,HgCl5 

Benzene (3) hexachloride CgHj,Cl8 [310°] 
V D 9 28 Formed at the same time as the (a) 
compound , when the mixture is sublimed, the 
{$)- compound sublimes last If the mixture 
(4 pts ) bo boiled •vMth KCN (3 pts ) and alcohol, 
the (y8) compound is left while the (a) compound 
IS decomposed Regular octahedra, cubes, tetra 
hedia, or tetrakis tetrahedra Alcoholic potash 
sphts it up into HCl and (1, 2, 4) tri chloro 
benzene, but more slowly than the (a) compound 
(J Meunier, C R 98, 436, 100, 358) 

BENZENE HYDRAZIMIDO r pp 369, 370 
BENZENE PHENYL HYDRAZIMIDO 
NAPHTHALENE v Benzene hzo phenyl (jS) 
naphthylamine 

BENZENE FYROOALLOL PHTHALElN v 

Trx - OXY - TRI . PHENYL CARBINOL CAltBOXYLIO 
ANHYDRIDE 

BENZENE TRI QDINONE 4aq So 

called ‘ oxy carboxylic acid ’ of Lerch [c 95°] 
Formation — 1 By the action of HNO3 upon 
the hydrochloride of tetra oxy di amido benzene, 
the yield is 60 p c — 2 By the action of HNO, 
upondi imido di oxy quinoneC«(NH)2(OII)^03 — 

3 By oxidation of hexa oxy benzene C„(OH)„ 
Properties — Colourless microscopic needles 

Nearly insoluble in cold water, alcohol, and ether 
Reactions —By reducing agents it is con 
verted successively into di oxy benzene di 
qumone 04(011)304, tetra oxy benzene quinone 
C4(0H)403, and finally hexa oxy benzene 
CgfOH),. On heating to 100° or on boiling 
with water it evolves CO2 and yields croconic 
acid CSH3O5 (Nietzki a Benckiser, B 18, 504) 
BENZENE RESORCIN PHTHALElN v Di- 

OXT TBIPHENYL - CARBINOL CARBOXYLIC AN 
HYDRIDE 

BENZENE - SDLPH - AMIDO - ANILIDE v 

Benzene sulphonic acid 

BENZENE SDLPH - AMIDO - TOLUIDE v 
Benzene sulphonic acid 

BENZENE SULPHINIC ACID C4H4SO3 ue 
CASO2H [84°] 

Formation — 1 By adding zmc dust to a 
cooled alcoholic solution of the chloride of 
benzene sulphonic acid, the resulting zmc salt 
IS very slightly soluble in water , it is treated 
with NejCO, , the filtrate is concentrated and 
the acid ppd by HCl (Schiller a Otto, B 
9, 1584) — 2 From the phenyl hydrazide of 
benzene sulphomc acid PhSOjN^HjPh, called 
also di phenyl sulphazide, by boiling with 
baryta water (Limpricht, B 20, 1239) — 3 By 
passing SO2 into a warm mixture of benzene 
and AljCl, (Fnedel a Crafts, C R 86, 1368 , 
Adnanowsky, B 12, 853) — 4 By the action of 
ZnEt* on C,H8S03C1 (Kalle, A 119, 156) — 
5 From C4H5SO2CI and Pb(SEt)3, thus 
2PhSOjCl + 2Pb(SEt)3=. 

(PhS03),Pb + PbCl3+S2Et, 

(Schiller a. Olto, B 9, 1636) — 6 From diphenyl 
Sulphide and alcohol potash 2Ph2S2 + 4KOH 
-PhS02K + 8PhSK+2HO (S a O) 

Properties — ^Long radiating pnsms SI sol 
oold^ T sol hot| water, v sol alcohol and 


ether , acid to test paper Above lOO*’ it 
decomposes 

Reactions — 1 Water at 180° gives benzene 
sulphonic acid and phenyl benzene- thiosul- 
phonate (Otto, A 145, 317) , the same reaction 
takes place slowly in the cold, especially in pre- 
sence of HCl (Pauly a Otto, B 1 2181) — 

2 Ethyl mercaptan at 100° gives di ethyl di 
sulphide and phenyl ethyl di sulphide (Otto a 
Robsmg, B 19, 3136) —3 Phosphoius penta 
chloride reacts thus PhSO^H + PClj 
= PCI, + HCl + PhSO Cl — 4 Potash fusion 
gives benzene and KjSO, — 5 Sodium chloro 
acetate gives phenyl sulphonyl acetic acid, 
Ph SO3 CH^ CO^H — 6 Sodium di chloio acetate 
gives phenyl chloio methyl sulphone 
Ph SO2 CH^Cl — 7 Methylene iodide reacts 
thus Cli^Ij + Ph SO^Na = Nal + Ph SO2 CR,1 — 

8 Sodiiim aa di chloro pi ojnonate acting upon 
sodium benzene sulplrinate gives di phenyl 
ethylene di sulphone, Ph SO^ C2H4 SO2 Ph — 

9 Phenyl hydrazine in presence of oono 
HClAq forms phenyl benzene thiosulphonate 
and the phenyl hydrazide of benzene sulphonic 
acid {q V ) — 10 When H SO4 is added to a 
solution of Ph SO^Na and NO^Na a pp is got 
which may be crystallised from alcoho^ It 
18 perhaps (PhS02)2N0H It is si sol cold 

1 water, CSj or ligroin, but v sol alcohol and 
ether At 100° it evolves nitrous acid 4;;as 
Boiling water, alkalis, or acids, decompose it 
into PhSO^H and nitrous acid (Konigs, B 
11, 615) — 11 Fuming nitric acid forms 
CigHijNSjO, which may be (Ph S02)jNO It 
forms crystals, [98 5°], msol alkalis, si sol 
alcohol, m sol benzene (Otto a Gruber, A 
141, 370 , Konigs, B 11, 615, 1590) 

Salts — BaA'2 clumps — ZnA'j tablets, si 
sol alcohol and ether, si sol water (Kalle) — 
ZnA'2 2aq msol cold water (S a 0) — AgA' 

Ethyl ether EtA' — Formed by means of 
EtOH and HCl, or, together with CO^, by heat 
mg Ph SO^Na with Cl CO^Et Non volatile oil 
KMn04 m acetic acid solution oxidises it to 
Ph SO,Et (Otto a Rossmg, B 18, 2495 , 19, 
1225) 

Benzene di-snlphinic acid C4H4(S02H)2 [1 3] 
From [1 3] C4H4(S02C1)2, and zmo dust (Pauly, 
B 9, 1595) Oil — BaA" 

BENZbNE-SULPH NITR- ANILIDE v Benz 
ene sulphonic acid 

BENZENE SULPHONE v Di phenyl sul 

PHONE 

BENZENE SULPHONIC ACID C^H^SO, % e 
CflH, SO3H Phenyl sulphuious acid Sulpho 
benzolic acid [42°J 

Formation — 1 From benzene and fuming 
H2SO4 (Mitscherlich, P 31, 283, 634 , Sten 
house, Pr 14, 351 , Wurtz, C R 64, 749) — 
2 By the oxidation of benzene sulphinio acid 
(Otto a Ostrop, A 141, 869) — 3 By the oxida- 
tion of phenyl mercaptan PhSH -f 0, = PhSO,H 
(Vogt, A 119, 161) —4 By boiling p diazo- 
benzene sulphonic acid with alcohol under 
pressure (R Schmitt, A 120, 129) — 6 Together 
with phenyl benzene thiosulphonate by heating 
benzene sulphinio acid with water at 180® 
(Otto, A 145,317) 

SPh SO2H - PhSO^H + Ph SO2 SPh + H2O 

Preparation — Benzene (2 pis ) is shaken 
with fuming H2SO4 (3 pts ) with gentle w&rm^ 



BENZENE SULPHONIC ACID 


m 


Sng The aoid is separated from nndissolved 
benzene, diluted, and neutralised with £aCO, 
or lead carbonate In the filtrate the Ba, or 
Pb, salt is decomposed by H28O4 or H^S re 
speotively 

Properties — Small, four sided, dehquescent 
plates (cottaming l^aq) 

Reactions — 1 By fusion with •potash^ soda^ 
or a mixture of the two, it is converted into 
phenol The percentage of phenol obtained in- 
creases with the amount of alkali and with the 
temperature of the fusion The percentage of 
phenol IS given m this table , one equivalent of 
acid being used 


KOH 

NaOH 

Temperature 

Phenol 

2 

— 

253° 

23 

8 

— 

210° 

7 

8 

— 

267° 

79 

— 

3 

,209° 

1 

— 

3 

280° 

26 

3 

3 

211° 

2 

3 

3 

277° 

39 

3 

3 

360° 

64 

7 

— 

252° 

96 


(P Degener, J pr 125,401) —2 The potassium 
salt distilled with KCN or K^FeCja gives benzo 
nitrile (Merz, Z [2J 6, 33) — 3 Dry distillation 
gives H2SO4, benzene, SO2, and di phenyl sul 
pholie — 4 Dry distillation of tlie ammonium 
salt gives benzene and small quantities of ben 
zene sulphamide, diphenyl, di phenyl sulphone, 
phenyl mercaptan, and (traces of) quinoline 
(Egli, B 18, 575) —5 The potassium salt dis 
tilled with NaNH2 gives anihne (Jackson a Wing, 
Am 9, 75) — 6 Distillation of the Na salt gives 
di phenyl sulphide, di phenyl di sulphide, phenyl 
mercaptan, COj, and SO2 f Stenhouse) — 7 A mix 
ture of H2SO4 and water ooiling at 175® converts 
It into benzene and H2SO4 (Armstrong, G J 45, 
161) — 8 Fusion with potassium formate gives 
potassium benzoate 

Salts (Freund, A 120, 76, KaUe, A 119, 
161) — BaA 2 aq pearly plates, si sol alcohol 
— CuA'jOaq large blue tables, sol alcohol — 
AgA'Saq tables — ZnA'2 6aq six sided tables 
Methyl ether Mek! SG 1 27 Formed 
by action of NaOMe upon Ph SO^Cl m ether (B 
Hubner, A 223, 236) Oil 

Ethyl ether EtA' SG 1^122 From 
NaOEt and PhSOjCl in ether Formed also by 
oxidising PhSO^Et (Otto a Bossing, B 19, 1225) 
Oil, miscible with alcohol, ether, and benzene 
Saponified by boiling water 

Propyl ether PrA' S G H 1 179 (H ) 
Phenyl ether PhA' [85°] Formed by 
acting upon Ph SOjCl dissolved m benzene with 
sodium phenol Formed also by action of zinc- 
dust on a mixture of phenol and PhSO^Cl 
Trimetnc crystals, a b c«=» 6847 1 8576 V sol 
benzene, ether, and alcohol, insol water 
Slowly saponified by boiling aqueous KOH, 
alcoholic NH, even at 200° does not affect it 
On nitration it gives the nitro phenyl ether, and 
also a tn nitro- derivative [116°] (SchiapareUi, 
Q 11, 66 , B Otto, B 19, 1832) 
p-Nxtro phenyl ef^icrC^Bls SO3 04H4(N0,) 
[82°] Formed by nitrating the preceding, or 
Iromp nitro phenol, ZnCL, and PhSOjCl (Schia 
parelfi, O 11, 70) SI sol cold alcohol 

Chloride Pn SO,Cl — Beneene sulphochh- 


ride (247°) S G “ 1‘378 Formed by the 
action of PCI5 on a salt of benzene sulphomo 
acid (Gerhardt a Chancel, C B 86, 690), or by 
passing chlorme into an aqueous solution of 
PhSOjH (Otto a Ostrop) Oil, v sol alcohol and 
ether Slowly solidifies at 0° forming large 
rhombic crystals May be distilled m vacuo, but 
IS much decomposed on boihng under atmospheric 
pressure Hardly attacked by water 

Reactions -1 Tin and HCl form phenyl 
mercaptan — 2 Sodium amalgam or ZnEtj forma 
a benzene sulphmate — 3 PCI5 at 210° gives 
CflHjCl, phosphorus oxychloride, and SOjCl, 
(Kekul6 a Barbaglia, B 6,876)—^ PbOj gives 
at 180° PbSO* and CeH^Cl (Wallach, A 214, 
219) — 5 Phenol (1 mol ) and zmc dust gives 
Ph S02Ph , phenol (^ mol ) and ZnO^ gives 
PhS02CeH4 0 802Ph (?) [123°] (SchiapareUi, 
Q 11 , 66 ) 

Bromide Ph SOaBr From PhSO,H and 
Br(Otto, ^ 141,872) Oil 

Amide Ph SO2NH2 Benzene sulphamide 
Benzene sulphonamide [156°] (Hybbeneth, A 
221, 206) S 43 at 16° Formed by the action 
of NH, on the chloride or bromide (Otto a 
Ostrop, A 141, 365), or, in small quantities, by 
heating the ammomum salt at 200° (Stenhouse, 
Pr 14, 351) Needles (from water) or plates 
(from alcohol) V si sol water, sol hot NHgAq, 
V sol alcohol and ether Ammoniacal AgNO, 
gives a pp of Ph SOo NHAg With PCl^ the 
amide gives Ph SOj NH PClg [131°] (Wichelhaus, 
B 2, 502) Succmyl chloride gives rise to 
PhS02N (C202)C2H4, [lb0°], whence cone NHgAq 
produces Ph hO, N CO CgH^ COgNH^, [165°] 
(Gerhardt a Chancel, C R 35, 690 , Gerhardt 
a Chiozza, A Ch [3] 47, 129) 

Benzoyl derivativeVh [147°] 

From benzene sulphonamide and BzCl at 145° 
(Gerhardt, A 108, 214 , Wallach, A 214, 210) 
Prisms (from alcohol) Salt — PhSOgNNaBz 
Silky needles (from alcohol) Reactions — 1 
PCI, gives the imido chloride Ph SOg N CClJPh 
[80°] This forms trichnic plates (from benzo- 
line) a b c = 862 1 ?, o = 87° 59', $ = 94° 31', y = 
63° 24' When this imido chloride is heated 
it splits up into benzonitrile and benzene 
sulpho chloride (WaUach a Gossmann, A 
214, 210) Anihne converts the imido chlor 
ide into phenyl sulphonyl phenyl benzamidme 
(PhSOgN) C(NHPH) Ph —2 The Pb and Ag de- 
rivatives are converted by EtI at 100° into the 
original amide (Bemsen a Palmer, Am 8, 235) 
Di benzoylderivative'PhSO^^Bz^ [106°] 
Methylamide PhSOgNHMe An oil, 
formed by treating the chloride with aqueous 
methylamine (Bomburgh, B 3, 16) 

Methyl nitro amide Ph SOg NMe(NO,) 
[44°] From the preceding and HNO, (SGI 48) 
hylamide Ph SO2 NEtH [58°] From 
the chloride and NEtH, (Bomburgh, R 3, 18) 
EthyDnitro-^amide Ph SO, NEt(NO,) 
[44°] Formed by the action of HNO, on the 
preceding or on the succeeding compound* 
Needles (from alcohol) , volatile with steam 
Di-methylamide CgH^ SO^NMe^ 

Di- ethylamide Bh [42°] 

Anihde Ph SO^NHPh. [102°] (WaUach, 
A 214, 221) S 4 3 at 16° From the chloride 
and aniline (Biffi, A 91, 107 , Genoke, A 100, 
217 , Meyer a Ascher, B 4, 326). 
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p^Chiora-anthde PhSO^ KH C^H^Cl [122°] 
From the preceding and PCI5, or from PhSO^Cl 
and jp-ohloro aniline (WsUach a. Huth, £ 9, 
425) 

o-Nttro-amltde Ph SO2 NH CaH4(N02) 
[1 2] [104°] From o nitro-aniline and PhSOjCl 
(Lellman, A 221, 16, B 16, 694) Yellow 
plates, sol alcohol, glacial HOAc, and CHCl, 
m N%tro amltde Ph SOj NH CgH4(N02) 
[1 3] [132°] From m nitro-aniline and PhSOjCl 
Flat yellow needles (L ) 

p Nitro anilide Ph SOj NH CgH^(N02) 
[1 4] [139°] From p mtro aniline and 

Ph bOjCl Yellow crystals 

o Amtdo-anilide Ph SO2 NH C„H4(NH2) 
[1 2] [168°] From the o mtro anilide by tin 

and HCl (L ) Needles (from 60 p o aloohol) 
V soL alcohol, si sol ligroin — B'HCl 

p Toluide PhSOjNHCgH.Me [14] 
[120°] From the chloride and p toluidme 
(Wallach a Huth, B 9, 427) 
m-Nitro p-toluide 

Ph SO, NH CgH3Me(N02) [14 3] [99°] From 
the preceding hy nitration , or from Ph SO2CI 
and mtro p toluidme (Lellinann, A 221, 18) 
Cubes (from aloohol) Not attacked by alco 
hoho KOH 

Di mtro p toluide 

Ph SO2 NH CgH2Me(NO„)2 [178°] Formed by 
nitration of the p toluide Yellow pnsms, si 
Bol cold alcohol (Lellmann, B 16, 695) Not 
attacked by alcoholic KOH 
m-Amido-p toluide 

Ph SO2 NH CgH,Me(NH,) [1 4 3] [146 6°] From 
the mtro compound by tm and HCl Colourless 
needles (from dilute alcohol) , el sol water 
di~phenyl amide Ph SO^NPh, [124°] 
From PhSOjCl and NHPh, at 200° (Wallach, 
A 214, 220) Silk like needles (from alcohol) 
Sol alcohol, ether, or benzene, insol water 
Cone HjSOg forms a blue solution Insol 
HOlAq. 

Phenyl hydraeide Cj^HjjNjOjS le 
Ph 8O2 N2H2Ph Phenyl benzene sulphazide 
Biphenyl sulphazide [148°-160°] Forma- 
— 1 By the action of SOj upon diazo ben- 
zene (Koenigs, B 10, 1531 , Wiesmger, B 10, 
1715) — 2 From benzene sulphonic chloride and 
p^henyl hydrazine (Fischer, A 190, 132) — 3 
From benzene sulphinic acid (g v ) and phenyl- 
hydrazme hydrochloride (E scales, B 18, 893) — 
4 By reduction of OgHj Nj SOj CgH, with zinc 
dust and acetic acid Preparation — Anilme is 
dissolved in aloohol saturated with SO, , the 
solution is cooled below 0° and a cone solution 
of about double the theoretical quantity of KNOj 
is slowly added , after standmg for 24-36 hours 
it IS precipitated by water , the yield is 80 p c 
Properties — White felted needles ^from alcohol) 
With NaOEt it gives a very unstaole crystallme 
sodium compound C„H,,NaN2S02. Reaction — 
By boiling with aqueous alkahs {te baryta 
water) it is decomposed into benzene sulphinio 
acid, benzene, and N,, Ph N2H, SOj Ph = PhH + 
PhS02H + N2(E,H 18,893, Limpnoht, H 20, 
1238) 

BENZEWE^DISirtPHONIC ACID CgHgSaO, 
M C.H4 (SO,H)j [1 2] From amido benzene 
ta-sulphonic acid by sulphonation, diazotisa- 
ium, and boiling with alcohol (Drebea, B 9, 
§63) 


Chloride 0gH,(S0201)2. [106°] Four- 

sided plates 

Amide C,Hg(S02NH2),. [238°] 

Benzene-m dUulphonio acid CgH4(S02H)| 
[13] 

Formation — From amido benzene p sul 
phonic acid by sulphonation, diazotftation, and 
heating with alcohol (Zander, A 198, 8) 

Preparation — W hen benzene or benzene 
sulphonic acid is treated with fuming H^SO^ 
both m and p disulphonio acids are formed 
The m acid is formed chiefly when the tempera- 
ture IS low or when the mixture is kept at a 
high temperature for a short time only (Buckton 
a Hofmann, C J 9, 26^ Barth a Senhofer, 
B 8, 754, 1477 , 9, 969 , Limpricht, B 9, 660, 
Korner a Monselise, B 9, 683) Benzene (1 pt ) 
18 freed from thiophene by shaking with cono 
H^SOg, and is then disgo’ved in fuming (70 p c ) 
sulphuric acid (4 pts ) at 40° The solution is 
heated for 2 hours at 276° , cooled , poured into 
water, and neutralised with lime , CaSO, is re 
moved by filtration, and the lime salts of the 
m and p acid may be separated by crystallisa 
tion, the former separating first (Bmschedler a 
Busch, Monit Scient 1878, 1169 , cf Egli, B 
8, 817 , Hemzelmann, A 188, 159) 

Properties — Very deliquescent crystals (con 
taming 2|aq) The alkahne salts are v ^sol 
water 

Salts — Na2A"4aq — KjA^aq S 66 6 at 
100° — BaA"2aq 8 44 2 at 100° Large 
prisms ~CuA"6aq v sol water — CaA"l^aq — 
ZnA"4aq — PbA"2aq S (of PbA") 86 2 at 26° - 

AgjA" 

Reaction — 1 By fusion with potash or soda 
it is converted into resorcin The acid is first 
converted into m phenol sulphonic acid (at 180°) 
The amount of resorcin formed by fusing this 
body (1 mol ) with potash (24 mols ) at 270° for 
10 minutes is 2 7 p 0 , at 270° for 20 minutes it 
13 21 p c , and at 260° for 30 minutes it is 26 p c 
When soda, or a mixture of potash and soda, is 
used, the yield is rather less (Degener, J pi 
128, 318) —2 By fusion with potassium cyanide 
the potassium salt is converted into CaH,(CN)„ 
which, when boiled with potash, gives isophthalio 
acid (Wislicenus a Brunner, B 4, 984 , Boss 
Gamck, Z 5, 649 , Barth a Senhofer, A 174, 
238 , B 8, 764 , V Meyer a Miohler, B 8, 672) 
Chloride CgH,(SOjCl)^ [63°] From 
sodium benzene disulphonate and PClj or 
SjOjCl, (Heumann a KOchlm, H 16,488) Mono- 
symmetrical crystals, n 5 c ■■ 1 1991 1 0 8688, 
^-86° 44' (Otto, J5 19,2424) 

Amide CgH,(S02NH,), [229®] Needles 

Benzene p-disnlphonioaoid 0,H4(S08H), [1^]« 
Prepared as above The potassium salt distilled 
with KCN gives di cyano benzene, which, on 
saponification, gives terephthaho acid (Wislicenus 
a Brunner, B 4, 984) 

Salts -K^"aq thin plates S (of KjA") 
66 6 at 100° — BaA' aq S (of BaA")7 19 at 100° — 
CaA"aq — CuA"4aq — PbA"aq S (of PbA") 
24 9 at 26° — ZnA"4aq 

Chloride C,B.^{S0iC[)r [181°] Needles 
Amide OgH^^^SOjNH,)^ [288°] Thm 
scales (from water) 

8 Benzene-tri-snlphonie acid GsH,(SO,H)a 
[18 6] Prepared by heating 6 pts of the potassium 
salt of the mono- or m- di sulphonic acid with 6 
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ptB of ordinftry in an open dish till H,S04 
volatilisea , this ready sulphonation is probably 
due to the presence of KHSO4 or of potassium 
pyrosulphate By heatmg the potassium salt 
with KON the nitrile of tnmesic acid C4H,(COaH)* 
ts obtained NaOH fusion yields phloroglucm 
The Ba sail is sparingly soluble in water 

Salts — K,A'"8aq — Ba,A"V-— — 
Pb,Aj'"4aq slender needles, v sol water — 
Ag,A'"8aq (Senhofer, A 174, 243) 

Chloride [184°] Amide [306°] (Jack- 
son a Wing, B 19, 898) 

Benzoyl amide CflH8(S02NBBz)3 [286°] 
A rtiZideC,H,(S02NPhH)j[237°](J Am 9,846) 
Derivatives of the sulphonio acids of benz 
ene are described as — Diazobenzene sulphonio 
ACID (p 406), SULPHO BENZENE AZOXT BENZENE 
SULPHONIO ACID (p 428), Amido , Bromo , Bbomo 
AM iDO , Bromo nitro , Cijloro , Iodo , Methyl , 
Nitbo , Propyl , benzene sulphonio acids 

BENZENE BI.STJLPHOXIDE v Phenyl 
Benzene thiosulphonate 

BENZENE BULPHYDEATE v Phenyl mer- 

OAPTAN 

BENZENE THIOSULPHONIC ACID 

C4H4 SO3 SH 

Preparation — 1 By the action of KHS on 
benzene sulphonio chloride — 2 By heating a 
solution of a salt of benzene sulphimc acid with 
sulpliur 

Salts — KA' V sol hot alcohol and water 
— NaA' IJaq 

Ethyl ether OeHj SO, SEt EthyU 
phenyl-di sulphoxide From the potassium 
salt and EtBr Colourless heavy oil Insol 
water, miscible with alcohol and ether Slowly 
volatilises with steam On reduction with zmo 
and H2SO4 m alcoholic solution it gives phenyl 
mercaptan and ethyl mercaptan Boiling 
KOHAq gives benzene sulphimc acid and di- 
ethyl di sulphide (Otto, B 16, 127) 

Ethylene ether A',C^4 [85°] Formed 

by heatmg an alcoholic solution of the Na or 
K salt (2 mols ) with ethylene bromide (1 mol ) 
Small thin silky needles Without taste or 
smell V sol benzene and hot alcohol, far less 
m cold alcohol By warming with ^cohohc 
KOH it gives benzene sulphimc acid, ethane di 
Bulphmio acid 02H4(S0,H)2, and di ethylene 
tetra sulphide (C2H4)2S4 By warming with 
aloohohc KHS it gives the potassium salt and 
ethylene mercaptan C2H^(HS)2 If the alco 
holic solution IS warmed with ethylene mer 
oaptan, benzene sulphimc acid and di ethylene 
tetra s^phide are produced On reduction it 
gives primarily benzene sulphimc acid and 
ethylene mercaptan By warming with alco 
hollo HjS it IS converted into phenyl tetra 
sulphide, ethylene sulphydrate, Ac (Otto a 
Edssmg, B 20, 2079, 2090) 

Phenyl ether C4H5 SO,.S04H, Benzene 
di sulpho^e Diph^vyl di sulphoxide [46°] 
Formed by the decomposition of benzene sul- 
phmio amd (u v ) by boihng water, or even by 
spontaneous decomposition (Pauly a. Otto, B 
9,1689, 10,2181, 11,2070) Monosymmetncal 
prisms, a 6 c-1 446 1 1 4709 (Otto. B 16, 181) 
UeactionB — 1 By saponification with alkalis 
it is decomposed into bwzene sulphinio acid 
and di phenyl-di sulphide 

30ASO,.SC.H,+ 2H,O« 


dOgH, SOjH + (CgHJjS,. This probably takes 
place m two stages 

la) 2C4H, S0,.S0gH, + 2H20- 
8G.H4SO2H + 0XSH. 

(6) OgH, SO, SOgH^-h CgH, SH- 

CgHg S02H+(O.Hg),S^ 

The benzene thiosulphomc phenyl-ether reacts 
in the cold with sodium phenyl mercaptide 
according to the last equation (5) (Otto a 
Bdssing, B 19, 1235) —2 Zinc dust added to 
an alcoholic solution gives zmo phenyl mer- 
captide and zmo benzene sulphmate — 8 H,S 
forms benzene sulphmio acid, phenyl mercaptan, 
phenyl tetra sulphide, Ac — 4 Zitic phenyl mer- 
captvde added to an alcoholic solution gives di- 
phenyl di-sulphide and zmo benzene sulphi- 
nate — 6 Ph^l mercaptan on heatmg forms 
di phenyl di sulphide and benzene sulphimc 
acid —6 Ethyl mercaptan at 115^ gives di-ethyl 
di sulphide, phenyl ethyl disulphide, di phenyl 
di sulphide, and other products (Otto a Bbssmg, 
B 19, 8137) 

BENZENYL ALCOHOL v OrfAo-BENZozo 

ACID 

BENZENYL AMIBINE v Bsnzamidinb. 
BENZENYL-TEl-AHIBO-BENZENE 

t« PhC^^®>OANH:r {240“]. 

Amido phenylene henzamidine From benzenyl- 
mtro phenylene-diamme, tm, and HCl (Hubner, 
A 208, 309) Needles, v si sol water, v sol 
alcohol — B"2HC1 -B"2HNO, — B"H,S04 2aq 
Benzoyl derivative 

Ph [126'’-214'>] From 

di benzoyl-mtro phenylene-diamme dissolved m 
HOAo by boilmg with tm and HCl (Ruhemann, 
B 14, 2658) Plates (coniammg aq,from dilute 
alcohol) — B'HOl needles 

B£NZ£NYL.()3) AMlBO-a-NAPHTHOL 

0,^„NO»e C„H.<®^CCA [122°] Prepared 

by reduction of the benzoyl-derivative of o- 
nitroso (a) naphthol (Worms, B 16, 1816) 

Colourless needles Sublimable Sol alooh^ 
and acetic acid, si sol water 

Benzenyl (a) amido- (/8) naphthol 

0,.H.<g>CC.H. [186°] 

Formation — 1 As a by product in the re- 
duction of (a) mtro (6) naphthyl benzoate — 
2 By heatmg benzoyl amido (6) -naphthol — 
(Bottcher, B 16, 1936 , C G 1884, 898) 

Properties — Long colourless needles Sub- 
limable V e sol alcohol, ether, and benzene, 
si sol petroleum ether, msol water Dissolves 
in strong acids Its solutions have a beauti- 
ful blue fluorescence B'^HgCl^PtClg yellow 
needles 

BENZENYL.(a)-AHIl)0-NAPHTHYL MEB. 
CAPTAN 0,oHg<^^C CgHg [103°] Formed 

by heatmg benzoyl-(o) naphthylamme p pts \ 
with sulphur (1 pt ) for two hours (yield 10 p c ) 
(Hofmann, B 20, 1798) Obtained also by 
oxidation of the thiobenzoyl derivative of (o)« 
naphthylamme CjgBLy N C(SH) C,Hg with potas- 
Slum femeyamde (Jacobsen, B 20, 189S1 
Ghstemng colourless needles (from alcohol). 
V sol ether, benzene, and hot alcohol. Vary 
weak base. 
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BENZENYL-AMIDO-NAPHTHYL MERCAPTAN. 


Pxorate B'C^j(NO,),OH [131°], Bmall 
orange needles 

Benxenyl - (;3) - amido > naphthyl mercaptan 
C,A<s>CC,H. [107°] Prepared by 
heating benzoyl (/3) naphthylamine with sul- 
phur Felted needles — B'2H2Cl2PtCl4 (Hof- 
mann, B 20, 1803) 

BENZENYL - AMIDO - PHENANTHEOL v 

Phenanthrene 

BENZENYL o-AMIDO-PHENOL C^H^NO % e 
Ph C-^^>C.H, [103°] (o 815°) From 

o amido phenol and BzCl or phthalic anhydride 
(Ladenburg, B 9, 1526) Plates (from dilute 
alcohol) Insol water, sol dilute H^S04 Spht 
up by HCl at 130° into benzoic acid ando amido 
phenol Its salts are decomposed by water — 
B',H2PtCl„ 

BENZEinX DIAMIDO DIPHENYL 
te C.H. C<^g>C.H, C.H, [198°] From 

benzoyl mtro p amido diphenyl, tin and glacial 
HOAo (Hubner, A 209, 347) Plates (from 
alcohol) -B'HCl -B'2H2PtCl« — B'jH^SO, 

BENZENYL - AMIDO - PHENYLENE 
DIAMINE V Benzenyl tri amido benzene 

BENZENYL.AMIDO PHENYL MERCAPTAN 

C„H,NS»e [1 2]C.H,<^^CPh [115°] (o 360°) 

Formatvm — 1 By heatmg amido phenyl 
mercaptan with BzCl, with benzoic aldehyde 
(probably benzyl alcohol is also formed), or -with 
benzomtnle (NH, being evolved) —2 By heating 
phenyl amhdo acetonitrile with sulphur (H^S 
and HCN being evolved) — 3 In small quantity 
by the action of benzoyi chloride on methenyl 
amido phenyl mercaptan — 4 1 rom thiobenzoic 
anihde and alkaline KjFeCyg (Jacobsen, B 19, 
1068) 

Preparation — Benzanilide (2 pts ) is heated 
with S (1 pt ) for a few hours to boiling The 
yield IS 50 to 60 p c of the benzanilide used 
Properties — Needles Weak base Sol 
alcohol, ether, CSj and HClAq Has a pleasant 
smell of tea roses and geraniums It remains 
almost unaltered on boiling with aqueous acids 
or alkahs On fusion with KOH it is decomposed 
into benzoic acid and o amido phenyl mer- 
captan Salt — BHAUCI4 

References —Hofmann, B 12, 2359 , 13, 7, 
1236, Tiemann a Piebst, B 15, 2033 

BENZENYL AMIDO . THIO CRESOL v 

BENZENYIi AMIDO TOLTL MERCAPTAN 

BENZENYL - AMIDO THIO PHENOL v 
Benzenyl amido phenyl mercaptan 

BENZENYL - TRI AMIDO - TOLUENE 
0,.H„N,tePhO<N^>C.H,MeNH,. [J13] 

[183°] From benzoyl di mtro toluidine, tin, 
and HCl (Kelbe, B 8, 877) Needles, insol 
water — B HCl — B'H2804 aq 

BENZENYL TEI-AMIDO TOLDENE 

Fh C<^®>C.H,Me NH, [J i «] (7) 

BeuMoyl derivative C2,H„N,Oaq 

2 96°-218°] From di benzoyl ^tro m-tolylene- 
amine, tin, and HCl (Buhemaan, B 14, 2656) 
Needles (from alcohol). 


BENZENYL AMIDO TOLYL MERCAPTAN 
C,.H„KSt« C.H,(CH,)<N^C-C,H. [126°] 

Prepared by heating amido tolyl mercaptan 
C4H3Me(SH)NH2 [1 3 4] with benzoyl chloride 
Slender needles — B'HCl tables, decomposed by 
water — (B'HCl)2ptCl, aq (Hess, B ll, 493) 
BENZENYL- AMIDOXIM v Benz amidoxim 
DI-BENZENYL TRI-AMINE 
C,4H„N, t e |Ph C(NH) IjNH [109°] Formed 
by boiling benzamidme with A02O Needles 
(Pinner a Klein, B 11, 8) 

BENZENYL - AMYL - PHENYLENE - DI- 
AMINE V Bfnzenyl phenylene diamine 

BENZENYL - BROMO - PHENYLENE - DI- 
AMINE 

C„H,BrN,te O.H,C<Njf>CABr []*] 


[200°] From benzoyl bromo mtro aniline by 
reduction (Hubner, B 8, 564 , 10, 1710) Small 
needles, insol water — B'HCl — B'HNO, — 


B'H SO^ 

BENZENYL-DICINNAMYLENE-DI-AMINE 

PhCH CH CH— NHv 

C2,H..N2 i e I >CPh [207°] 

PhCH CH CH— N 


Phenyl di styryl glyoxahne di hydride 
Formed by heating di benzoyl dicmnamylene di- 
amine with potash in a sealed tube (Jayp a 
Wynne, C J 49, 470) Faint yellow crystals 
Boiled with HCl it forms a hydrochloride, 
sol EtHO, which yields a platinochlonde 
(C .H2 N2,HCl)2PtCl, 

BENZENYL-ETHOXIM-CHLORIDE 
C«H,CClNOEt (125°) at 45 mm , (230°) at 
760 mm V D (to H) - 9 26 (obs ) Colourless 
oil V sol alcohol and ether, insol water It 
! IS very stable towards water, acids, and alkalis 
lormed by the action of NaNOj and HCl 
upon the ethyl ether of benzenyl amidoxim 
C«H5C(NH2) NOEt By heating with alcoholic 
NH, the parent substance is reproduced By 
heating with sodium ethylate it yields benzenyl- 
ethoxim ethyl ether C„HjC(OEt) NOEt (Tie- 
mann a Kruger, B 18, 727 , 1057) 

BENZENYL - ETHOXIM - ETHYL ETHER 
C^Hj C(OEt) NOEt o Ethyl benz hydroxamic- 
ethyl ether (128°) at 40 mm , (238°) at 
760 mm V D (to H) a96 75 (obs ) Colourless 
oil Insol water P'ormed by heatmg benzenyl - 
ethoxim chloride CgH, C(NOEt)Cl with sodium 
ethylate By HCl it is decomposed into benzoic 
ether and the ethyl ether of hydroxylamme 
HjN OEt (Tiemann a Kriiger, B 18, 742) 

BENZENYL-ETHYL-AMIDINE CjH.jN, t e 
PhC(NEt) NH, From benzamidme and EtI 
(Pinner a Klein, B 11. 7) Oil — (B'HCl)2PtCl4 
DI BENZENYL-IMIDO-AMIDE t; Di BENZ- 


ENYL TRIAMINE 

BENZENYL ETHYL - PHENYLENE - DI- 
AMINE V Benzenyl phenylene duminb 

BENZENYL-METHOXIM-CHLOEIDE 
C^H^CClNOMe (225° uncorr) VD 74-96 
Formed by the action of HCl and NaNO, 
upon the methyl ether of benzenyl amidoxim 
C4H, C(NH2) NOMe (Kruger, J5 17, 1689, 18. 
1057) Oily fluid Very volatile with steam 
Sol alcohol, ether, benzene, and ligroin, msoL 
water 

BENZENYL -METHYL. PHENYLENE - DI • 
AMINE V Benzenyl PHEMTLiNi-DUifiKE 



BENZENYL-XYLYLENE-DIAMINE 


4el 


BXNZEHYL.IfAFHTHYL.AMlDINS v. 

NaPHTHTL BENZAMIDUnE 

B£KZ£ir7L.NAPHTHTL£KE.DIAMIKS 

PhC<j,^>C,.H, [210°] From 

benzoyl nitro {&) naphthylamine, tm, and HCl 
in presenoi of alcohol (Ebell, A 208, 828) 
Yellowish crystals, si sol water, v sol alcohol 
Salts — B'HCl — B'HNOg — B'^K^SO, — 
B CjH,,! small needles , NaOHAq or hot water 
removes the isoamyl iodide 

BENZENYL'OXAUIBINE is Benzentl amid- 
oxiM {q V ) 

BBNZENYL-OXIMIDAMIDE is Benzenyl 
amidoxjm: (q V ) 

BENZENYL PHENYL-AMIDINE v Phenyl 

BENZAMIDINE 

BENZENYL-DI-PHENYL-DI-AMINE v Di 

PHENYL BENZ AMIDINF • 

BENZENYL-o PHENYLENE-DI-AMINE 
C,.H„,N, [280»] 

Anhydro benzoyl di amido benzene From ben 
zoyl 0 nitro anilme, tm, and HCl (Hubner, A 
208, 302 , 210, 328) Plates (from glacial 
HOAc) M sol alcohol, si sol benzene and 
water 

Salts — BUCl — B'jH^PtCl, — B'HIaq — 
B'H»0, — B',H^SO, l^aq 

Reactions — 1 Benzoyl chloride at 200° 
has no action — 2 Heated with cyanogen 
iodide and benzene, pale yellow crystals of 

[106°] are fonned (Howe, 

Am 6, 416) — 8 Methyl iodide forms 

CjjHgMeNjMelj [141°], whence potash forms 
C,,Hj,MeNjMeOH [152°], insol hot water, si 
sol cold alcohol It forms the follow 
ing crystalline salts C^HjMeNjMeCl aq — 
(C,^,MeN2MeCl)^tCl4 — CisH^MeN^Mel, [280°] 
C„H,MeNjMeNO, — C^H^MeNaMeSO^H aq — 
4 Ethyl iodide forms at 180° C,sHpEtNj, m 
sol water It forms soluble crystalline salts, 
B'HCl and B'^H^SO^ — 6 Ethyl iodide at 210° 
forms CijHjEtNjEtl, [165°] whence hot potash 
hberates the crystalline ammonium base 
CiaHjEtNjEtOH [132°], insol water and alkalis, 
si sol cold alcohol, v e sol benzene and 
ligrom Its salts are crystalline and not de- 
composed by NHg, NajjCO,, or cold KOH, but 
hot potash liberates the base Salts — 
C„HaEtN,EtCl 2aq — (C„HgEtN2EtCl)2PtCl, 
— C.aHgEtN^Etl — C.jHgEtNjEtSO.Haq — 
6 Isoamyl iodide at 170° gives C,jHt,(C,H,,)N2. 
Salts — BHCl — B'HI — B'HNO, — 
B'HjSO^ 2aq — 7 Isoamyl iodide at 165° for 24 
hours gives C,aHa(CaH„)Nj(CgH„)I, [112°] The 
free ammonium base, C,jHa(05H,i)N2C5H,,0H 
[81° and 92°] crystallises from alcohol, and is 
insol water Salts — B'CaH^Claq (and 3aq) — 
B'2(C,H„)^tClg. - B'CgH„NO, HNO, [90°] — 
B'CaH,,I — 8 Cone nitric acid forms a nitro- 
compound, 0„H,(N02)N„ [196°] —9 II2SO4 

forms an unstable sulphonic acid 

BENZENYL - PHENYLENE - DIAMINE -p- 

OABBOXTLIO ACD) 0 C.H^ CO,H 

Slender needles (oontainmg l^aq) Almost 
insol in cold, v sol in hot, water Prepared 
by the pxidation of tolaenyl phenylene diamine 


C,H, CH, with K,Cr,0, and 

HjSO, 

Salts — BaA'aOaq small needles, si sol 
water — CaA'jSaq slender needles — KA'7aq 
long needles, v e sol water — AgA' white 
gelatinous pp 

Reaction — The silver salt on distillation 
gives a ketone ^ Anhydro ~ioly I ketamine* 
or 

c.h,<nh^o C.H, CO 

[277°] which forms salts B"2HC1 and B^HaPtCl, 

Ethyl ether EtA' — [243°], colourless 
needles (Stoddard, B 11, 293 , Bruckner, A 206, 
113 , Hubner, A 210, 337) 

BENZENYL - PHENYL - THIURAMIDOXIM 
C,H, C(NH CS NHCgHg) NOH [163°] Formed 
by the combination of phenyl thio carbimide 
with benz amidoxim (Kruger, B 18, 1060) 
Plates V e sol alcohol, ether, and benzene 

BENZENYL-PHENYL-URAMIDOXIM 
CgHg C(NH CO NHCgHJ NOH [115°] Formed 
by the combmation of phenyl cyanate with 
benz amidoxim (Kruger, B 18, 1059) White 
plates V e sol alcohol, ether and benzene, 
msol cold water 

BENZENYL-TOLYLENE-DIAMINE 

[>:<] 

[240°] From benzoyl nitro p toluidine, tin, and 
HCl (Hubner, A 208, 316) Also by heating 
acetophenone with o tolylene diamine (Laden- 
burg a Rugheimer, B 12, 961) Crystalline, 
insol water, v sol hot alcohol , may be dis- 
tilled 

Salts — B'HCl needles, si sol cold water 
and alcohol — B'jHjSO^ needles , v si sol cold 
water 

Reactions — 1 Methyl iodide at 240° gives 
C, 4 H,,MeN,Mel 3 [106°] whence KOH forma 
Cj^HjiMeNjMeOH [144°], insol water, of which 
base the following salts are crystalline, viz 
C.^H^Me^NjCl 2aq — (C, 4 H„Me,N 2 ) 2 PtCl 4 — 
C.^Hj.Me^NjI — C, 4 H„Me 2 N 2 SO,H Nitrous acid 
produces a nitro compound C, 4H,o(N02)Me2N20H, 
[165°] (Hubner, A 210, 371) which forms a 
platinochlonde, (C,4H,o(N02)Me2N2Cl) PtCl^, and 
reduces to an amido compound — 2 Ethyl iodide 
at 800° gives C, 4 H,,Et 2 N 2 l, [129°] whence 
CnHj.Et N 2 OH [153°] and its salts 

C,4H„Et2N2ClHCl — (C,4H„Et2N2)2PtCl, — 
C, 4 H„Et 2 N 2 l — Ci^Hi.EtjNjSO^H aq 

BENZENYL -p - TOLYL - TOLYLENE - DI - 
AMINE o^^>CC ^5 [166°] Needles or 

pnsms Formed by reduction of benzoyl nitro- 
di tolyl amine with tin and HCl 

Salts — B'HCl aq — B' 2 H 2 S 04 ’‘ pnsms (Lell- 
mann, B 16, 832) 

BENZENYL XYLYLENE-DIAMINE 
0,.H„N, C.H.C<^2>OAMe. [Ju]. 
[195°] From benzoyl mtro lyhdme [186°], tin* 
and glacial HOAc (Hubner,^ 208,320) Neeles, 
insol water Boiling fuimng HNO, forms a 
compound, crystallising in yellow needles [202’]. 
Salts ^B'HCl — B'HN 0 ,.~B' 2 H,S 04 e— 
B'HaC, 04 , 
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BENZENYIr-XYLYLENE-DIAimOC 


Btxisonjl-zylyleiie diamine 

From benioyl- 

nitro-xylidine [178°] Needles — BTSCJlSaq 
(Hubner, B 10, 1711) 

BENZ EEYTHBENE 0„H„ [807°-808°] 

Formed m leading benzene through a red hot 
tube (Berthelot, J 1866, 641 , 18b7, 699, 606 
Schultz, B 11, 96) Small leaflets Almost 
insoluble in alcohol, di£Q.cultly soluble in hot 
aoetic aoid and in cold benzene 

BENZ FinilL C,AO, te Ph CO CO C,H,0 
[41°] From benz furoin and Fehling’s solution 
at 60° (Fischer, A 211, 229) Yellow needles 
V sol alcohol or ether (unlike funl) Volatile 
Tetra bromide [127^-128°] 

Yellow needles 

BENZFXTEHIC acid C.^H.oO^ t e 
C^HjO CPh(OH) COjjH From benz funl and 
aqueous KOH at b0° Prisms (from a mixture 
of ether with light petroleum) Turns brown 
at 108° V sol ether, alcohol, or chloroform , 
b 1 sol hght petroleum Its aqueous solution 
gradually decomposes The crystals in cone 
H2SO4 give a blood red colour, turning brown 
The oily residue got on evaporating an ethereal 
solution of benzfunhe acid gives with cone 
HjS 04 a reddish violet colour, water then gives 
a blaokish-blue pp , which dissolves in cone 
H2SO4 giving a blue colour (E Fischer, A 211, 
231) 

FEKZrraOlN C„H,.0, le Either 
Ph CH(OH) CO C,H,0 or C,H,0 CH(OH) CO Ph 
[187°-189°] From furfurol (18 g ), benzoic 
aldehyde (20 g), alcohol (60 g), water (80 g), 
and KCN (4g) , by boiling for 20 mmutes (E 
Fischer, A 211, 228, B 13, 1339) Slender 
pnsms (from alcohol) May be distilled V 
sol hot alcohol, chloroform, or benzene, si sol 
water or light petroleum Alcoholic KOH forms 
a dark red solution with bluish green reflex 
BENZGLYCOCYAMINE CgH^N.Oj Formed 
by boilmg the dicyamde of m amido benzoic acid 
{v p 167) with KOHAq (Gness, B 1, 191 , 3, 
708 , Z 4, 725 , 6, 728) or by the action of cyan 
amide on an alcoholic solution of m amido- 
benzoic acid contammg NH, (Gness, B 7, 676), 
Thm white four sided plates (containing aq) 
SI sol hot water, v si sol ether, insol NH^q, 
sol aqueous mineral acids Boiling baryta 
converts it into m amido benzoic acid, urea, 
NH,, and uramido benzoic acid 
Salts — BTECl — B'HjPtCl, 
BENZGIYCOCYAMIDINE CgH^N.O, t e 

HN *>7 til® prolonged 

heatmg of * ethoxy-cyanamido benzoyl ’ (v p 
166) with alcoholic NH, at 100°, or by the 
action of oyanamide on 0 amido benzoic acid 
(Gness, B 1, 191 , 2, 416 , Z [2] 6, 674 , B 
7, 674 , 8, 822 , 18, 977) Nacreous laimnae, 
V si soL water, si sol boiling alcohol Its 
nitrate forms narrow lamince, v si sol alcohol 
Platinochloride B'jHjPtCl, 

m - Carboxy - phenyl - bens . glyoocyamidine 
HN 0,H4 CO 

' ( Formed from a 

COjH C A NH 0=*=N 

mixture of * dicyanamido-benzoyl-* 

HNC,H4C0 i 

I I and m^amido benzoic aoid by I 


long boiling with water Very small white 
needles or plates Insol neutral solvents. 
Tolerably strong acid 

Salts — A"Ag, white amorphous pp — 

A'',H,Ba lOaq (Gness, B 18, 2420) 

* Imido pbenyl-bens glyoocyamidine * so 
NH C,H4 CO s 

called HN C<^ I [1 8] Formed by 

^NH C4H4 NH 

heating cyancarbimidamidobenzoio aoid with 
o phenylene diamine (Gness, B 18, 2414) Six 
sided tables Nearly insol water, alcohol, and 
ether It has both acid and basic properties 
Salts A'jfBa — A'HHCl white six sided 
plates 

BENZHYDRAMIDE v Benzoic aldehyde 
BENZHYDRAZOINv Tri phenyl hydrazoIn 
BENZHYDBOL v Diphenyl carbinol 
BENZHYDEOLENE C„H,o [210°] Got by 
distilling succinate or* benzoate of benzhydrol 
(Linnemann, A 133, 1), is identical with 
tetra phenyl ethane (Zagumennj, J R 12, 
431) 

BENZHYDEOXAMIC acid V Hydroxyl- 

AMINF 

BENZHYDEYL ACETATE v Acetyl benz 

HYDROL 

BENZHYDEYLAMINE v Di phenyl Car 

BINYLAMINE 

BENZHYDEYL-BENZOIC ACID v Exo*bxY 

BENZYL BENZOIC ACID 

BENZHYDEYL CAEBOXYLIC ACID v Exo- 

OXY BENZYL BENZOIC ACID 

BENZHYDEYL PHENOL v Di oxy di- 

PHENYL METHANE 

BENZHYDEYL iso PHTHALIC ACID v Oxy- 

BENZYL ISO PHTHALIC ACID 

BENZHYDEYL-PEOPIONIC ACID v 7 orr 

7 PHENYL BUTYRIC ACID 

BKNZHYDEYL-PEOPIO-CAEBOXYLIC ACID 

V Oxy caeboxy phenyl pbopionio acid 

BENZIDINE and derivatives v Di-amtdo 
DIPHENYL and derivatives 

BENZEL C,4H,o02 « CeH, CO CO C.H, Dv- 
benzoyl [96°J (Limpricht a Schwanert) , 
(346°-348° corr ) (Wittenberg a V Meyer) 
Formation — 1 By passing chlorine into 
melted benzoin CgH^ CH(OH) CO CjH, + Cl, = 
C,H,COCOCeH, + 2HCl (Laurent, A Ch [2] 
69, 402) — 2 By oxidising benzoin with nitric 
acid (Zinin, A 84, 188), and m small quantity 
I by the air oxidation of benzoin dissolved in alco 
holic potash C^H^O, + O - C^Hj^Oj H O (Lim- 
pricht a Schwanert, B 4, 836) — 8 Together 
with stilbene by heating stilbene di bromide with 
water to 160° SCjH, CHBr CHBr C«H, + 2H2O - 
C„H, 00 CO 0,H, 4. 2C,H, CH CH C^H^ + 6HBr 
(L a 8,-4 146, 888) — 4 Together with tolane 
by heatmg tolane dibromide with water to 200° 
2C,H, CBr CBr 0,H, -1- 2H3O » 

C,4H„03 + 0,H, C 0 0„H, -h 4HBr 
(L a S , B 4, 880) — 6 From tolane-tetro 
chloride by heatmg it with glacial acetic acid 
or with cone HjS04 to 166° 

C,H, COl, COl, 0,H, -h 2H2SO4 - 
0,4H„O3-h2SO, + 4HCl 

(Liebermann a Homeyer, B 12, 1976) — 6 By 
Beating benzoyl chloride with so^um amalgam; 
20,H, COCl + Na, - 0,4H„O, + 2NaCl (Khnger, 
B. 16, 996) 

Prcjparafton.— Benzoin is heated with twice 



BENZTU 


iU weight of mine aoid (S G 1*4) tmiil it le 
oonverted into a clear oily liquid (Zmln) The 
product 18 poured into water, and the benzil, 
which at once sohdifies, is punfLed by reorystal 
hsation from boilmg alcohol 

Frapertiei — Crystalhses from hot alcohol 
in transparent yellow needles , from ether, by 
spontaneous evaporation, m large six sided 
prisms Insol water, v sol hot alcohol and 
ether The crystals are optically active, showing 
sometimes dextro rotation, sometimes Irovo rota 
tion, but having no hemihedral faces Inactive 
in a fused state or in solution (Descloiseaux, C C 
1870, 418) 

Reactions — 1 Benzil is readily attacked by 
reducing agents Iron filings arid acetic acid^ 
or zinc and hydrochloric acid, acting upon the 
alcoholic solution, convert it into benzoin (Zinin, 
A 119, 177) When heated with alcoholic jpotas 
Slum hydrosulphide at it yields a mixture 
of deoxybenzom (CaH^ CH2 CO and benzoin 
(Jena, A 166, 87) Sodium amalgam and water 
convert it into hydrobenzoin (Zincke a Forst, B 
8, 797) When a solution of benzil in moist ether 
13 exposed in a sealed tube to sunlight the benzil 
18 reduced to benzil benzoin [134°-135°], 

which separates in rosettes of white or pale yel 
low crystals on the sides of the tube, whilst the 
ether is converted into aldehyde On melting 
benAl benzoin, or on attempting to recrys 
tallise it from any of the usual solvents, it 
breaks up into benzil and benzoin 
2 C„H,oOj + C,^H ,202 (Klmger, B 19, 1864) —2 
Benzil IS very stable towards acids It may be 
boiled with fuming hydrochloric acid without 
undergoing change , cone sulphuric acid dis- 
solves it, and the addition of water precipitates 
it unaltered , ordinary strong nitric acid does 
not attack it On boiling it with fuming nitric 
acid, however, it yields a mixture of two 
dinitrobenzils, C,4Hg(N02)202, which may be 
separated by crystallisation octahedral crys 
tals [181°], si sol alcohol , and laminae [147°], 
less soluble than the foregoing (Zagumenny, 
.7 jR 4, 278) An uodinitrobenzil [205°] has 
been indirectly prepared by the oxidation of a 
or y dinitro deoxybenzom , v si sol alcohol, 
m sol boiling benzene or glacial acetic acid 
(Golubeff, J B 13, 29) A mononitrobenzil, 
C,4H„(N02)0, [110°], has also been indirectly 
obtamed by boihng 1 part of deoxy benzoin 
with 8 parts of nitric acid (8 G 1 2), or by 
adding benzoin to mtrio acid (S G 16) cooled 
to 0° Yellow laminae or flat needles, m sol 
alcohol, more readily in ether Hot alcohohc 
potash decomposes it into potassium m azo 
oenzoate and potassium m oxybenzoate 
20,4H,(N02)02 + 4KH0 = 

NjjOgH^ CO^K), + 2C AKO, + 211,0 
Tin and nydrochlorio acid convert it into amido- 
deoxybenzoln, 0,4H,,(NH2)0 (Zmm, A Suppl 3, 
163) — 8 When heated with soda lime, benzil 
yields benzene and benzophenone, CO(CgH5)j 
(Jena, A 156 87) , distilled over heated litharge 
it yields benzophenone 1 Wittenberg a V Meyer, 
B 16, 601) —4 When oenzil is heated with an 
equal weight of caustic potash or caustic soda 
dissolved in 20 parts of water, the benzil slowly 
dissolves, forming a benzilate \v Benzilic acid) 
C,H, CO CO 0«H, + KOH - (0^,)2C(OH) COOK 
A tixnall quantity of diphenyl oarbinol is formed 


m 


at the same time by the decomposition of the 
benzilio acid (Klmger, B 19, 1868) Alcohohc 
wtash dissolves benzil with a violet colour , on 
neating, the colour is discharged and the solution 
contains potassium benzilate According to 
Khnger (Zoc cit) aqueous potash gives this colour- 
ation only with benzoin, and then only when air 
IS admitted When benzil is dissolved, without 
heating, m very dilute alcoholic potash (4 grams 
KOH to the litre) and allowed to stand, with 
exclusion of air, for about a fortmght, it is con 
verted into a mixture of two compounds, CJ0H24O4 
[200°-201°] (Limprioht a Schwanert’s so-called 
ethyl dibenz^n) and C4aH!,404 [2S2°] The alco- 
hol takes part in the formation of these com- 
pounds 2 Cj 4 H,o 02 + CjHaO ■= C,oH 2404 + HjO, 
and3C,4H,o02 + 2C2HaO = C4aH8404 + 4H2O These 
two substances can be separated by reorystal- 
lisation from alcohol, m which the compound 
C30H24O4 18 the more soluble The compound 
C,oH 2404 18 si sol boiling alcohol, si sol boiling 
benzene, v sol boiling glacial acetic acid , de 
posited from alcohol in colourless granular 
crystals with 1 mol of alcohol of crystallisation 
which is expelled at 120° but not at 100°, 
crystallises also with 1 mol of acetic acid and 
with benzene of crystallisation The com- 
pound C4aH3404 IS finally purified by dissolving 
in boiling phenol and precipitating with alcohol , 
yellow crystalline powder, v si sol alcohol, m 
sol boiling phenol (Japp a Owens, C J 47, 
90 , cf also Limpricht a Schwanert, B 4, 835) 
Benzil also reacts with isopropyl alcohol when 
it 18 dissolved m a dilute solution of caustic 
potash in isopropyl alcohol (2 100) and allowed 
to stand for some months in a stoppered vessel 
a compound Cg,H2804 [147°-148°] is formed , 
2C,4H,o02 + 0,HgO •» C„H2804 + 0, a reduction 
taking place C„H2g04 forms very lustrous crys- 
tals, of rhombohedral habit, v si sol boiling 
alcohol (Japp a Baschen, C J 49, 882) — 6 
Benzil reacts with acetone in presence of caustic 
potash, yielding the compounds acetone benzil, 
C,2H,aOj, anhydracetone benzil, C,2H,40j, 
and anhydracetone dibenzil, C„H2404 (v 
Acetone benzil, p 82) With methyl ethyl 
ketoneit yieldsmethyl anhydracetone ben 
zil, CjgHigOj colourless thin prisms [179°], 
with diethyl ketone, dimethyl anhydraoe 
tone benzil, Cj^HjgOj rhomboid^ plates 
[160°], with methyl propyl ketone, ethyl - 
anhydracetone benzil, OuHjgOj needles 
[16b°], with methyl hexyl ketone, amyl-anhy- 
dracetone benzil, C22H24O2 silky needles 
[160 6°] , all sol alcohol (Japp a Burton, C J* 
61, 431) — 6 Benzil reacts with ammonia, and 
also with aldehydes and ammonia jointly, to 
form a number of well characterised condensa- 
tion compounds {v Benzil, ammonia debivahves 
or) Heated with aniline in a sealed tube at 200° 
it yields benziZ amlide, CgH^ C(N CgHj) CO 
[106°] Yellow pnsms, sol alcohol (Yoigt, J 
pr [2] 84, 23) — 7 Warmed with (l,2,4)-tolylene* 
diamine m alcohohc solution it forms dtphenyU 
toluquinoxalvne 


Cja., CO O.H, O—Kv 

1 + H J 

0,H,.CO 0,H,.0-N/ 


(Hmsberg, B 17, 822) Benzil also reacts with 
ethylene^tamme to yield a crystallme compound 
(Mason, B, 19, 113) — 8 Emms compoundi 
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hydroxylarrwM and vnth phmylhydroMvns 
Benzil with free hydroxylamine in aqueous- 
alcohoho solution at the ordinary temperature 
yields b&nzil mono^oxim C^Hj C(N OH) CO 
[180®-131°], even when an excess of hydroxyl 
amine is employed Small square white leaf 
lets, V sol alcohol and ether, si sol water 
(Wittenberg a V Meyer, B 16, 603) Boiled 
with hydroxylamine hydrochloride in methyl 
alcohol, with the addition of one drop of hydio 
chloric acid, a dioxim, [a) - diphenyl glyoxim 
C(N OH) C(N OH) [237°J separates 

Forms lustrous white laminre, si sol methyl 
alcohol, alcohol, and ether Dissolves in cone 
caustic soda and is reppd by acids Sol with 
diflSculty in ammonia, the solution giving with 
silver mtrate a yellow pp (Goldschmidt a V 
Meyer, B 16, 1617) If benzil, hydroxylamine | 
hydrochloride, and alcohol, acidulated with h} - 1 
drochlorio acid, are heated in a sealed tube for 
several hours at 170°, an isomeric (3) diphenyl | 
glyoxim [206°] is formed White needles, v 
sol boihng alcohol, si sol ether and boiling 
water Sol caustic soda and ammonia The 
(a) -compound can be converted into the {0) com 
pound by heating it with alcohol in a sealed 
tube at 180° The nature of this isomerisin is 
not understood , but analogous cases of iso 
mensm have been observed in the benzil and 
benzoin groups — thus benzil and isobenzil, hy 
drobenzoin and isohydrobenzoin (Goldschmidt, 
B 16, 2177) By heating benzil with phenyl 
hydrazine on the water bath, benzil di phenyl 
hydrazide, C.H^ C(N,H C(N2H C.Ii,) C^H, 
[225°], separates Faintly yellow needles, v 
sol hot ohlorofonn and benzene, si sol alcohol 


anhydrous hydrooyanio acid nas been added, is 
saturated with gaseous HOI and allowed to stand 
for some weeks, an acid, O.gHjjNO, (colourless 
prisms, sol boiling water, melting at 196°), and a 
compound, C,gH,^N^O [196°-197°], are formed. 
The compound C,aH,„N^O forms lustrous pale 
yellow laminss or flat needles, si ^ol boiling 
water and benzene, v sol boiling alcohol It is 
feebly basic and forms with hydrochloric acid a 
colourless salt which is stable only in piesenoe 
of excess of acid (Japp a Miller, C J 61, 29) 
When benzil is heated with absolute alcohol 
and hydrocyanic acid ajt 200° for four hours, 
it is decomposed into ben/oic aldehyde and 
ethylic benzoate C^Hj CO CO C^Hj + C H^ OH =« 
C^H^ CHO -f C^Hj CO C^H^, the hydrocyanic 
acid apparently undergoing no change Benzole 
acid is also formed (Michael a Palmer, Am 7, 
191) Benzil and alcohol may also be made to 
react to form benzoic tfldehyde and ethylic ben- 
zoate by trituiating benzil a.nd. potassium cyan 
ide with alcohol , but in this case a portion of 
the benzalaehyde is fuither changed into ben 
I zoin by the action of the potassium cyanide By 
neutralising with sodium carbonate the small 
quantity of benzoic acid which is also formed in 
this reaction, and which would otherwise decom- 
pose the potassium cyanide, 1 part of the cyan 
ide may be made to induce the foregoing change 
in oO parts of benzil (Jourdan, B 16, 058) •-10 
Benzil unites with nitriles in presence of cone 
sulphuric acid, taking up the elements of water 
Thus when powdered benzil (1 mol ) is bus 
pended in cone sulphuric acid, and propionitrile 
(2 mols ) IS gradually added, cooling during the 
process, a compound CjoH^^NjOg [197°] is formed 


and ether Gives a dark violet colouration with 
cone sulphuric acid Does not regenerate 
phenylhydrazme when heated with strong hy 
drochloric acid (Pickel, A 232, 230) — 9 When 
benzil in alcoholic solution is mixed with an 
excess of nearly anhydrous hydrocyanic acid 
and allowed to stand, large, colourless, tabu 
lar, rhombic crystals of benzil dihydrocyanide 
0^4 C(OH) CN 

j are deposited (Zinin, A 34, 

C,H5C(0H)CN 

189) The same compound is formed when an 
ethereal solution of benzil is mixed with pow 
dered potassium cyamde and cone hydrochloric 
acid IS added drop by drop, coohng dunng the 
operation Melts at 132°, with decomposition 
into benzil and hydrocyamo acid Insol water 
and benzene, v sol ether and light petroleum 
When dissolved m alcohol it is decomposed, 
even m the cold, into benzil and hydrocyanic 
acid (Jacoby, B 19, 1519) When finely pow 
dered benzil dihydrocyanide is mixed with a 
large excess of a concentrated solution of HBr m 
glacial acetic acid and left for some weeks, a solu 
tion 18 obtained which by spontaneous evapora 
tion deposits lustrous crystals of di phenyl tartra 
C,H* C(OH) CONH2,HBr 
mtde hydrobromide | 

C,H, C(OH) CONH, 

[185°] and these, when decomposed by ammo 
nia, yield the free di-phenyl-tartramide V sol 
alcohol, V si sol ether (Barton, B 16, 2232) 
Pure benzil dihydrocyanide is not hydrolysed 
by cono hydrochloric acid, but when an alco- 
hoho solution of benzil, to which an excess of 


G„H,o 02 + 2C3H,N + H 0 - CjoH^^N^O, Bus- 

trous, colourless needles , v sol hot alcohol 
Boiling with dilute sulphuric acid decomposes 
it into benzil, propionic acid, and ammonia — 
With benzonitrile and sulphuric acid benzil 
yields a mixture of two compounds which can 
be readily separated by means of their very 
different solubilities in hot alcohol C^H^NA 
[168°], analogous to the propionitrile derivative, 
V sol boiling alcohol, crystallises from alcohol 
in efflorescent oblique prisms of the formula 
(C^H2jN20s)2Et0H , and a compound C28H^,NO, 
[225°], almost insol alcohol, v sol boiling 
phenol, si sol boiling benzene, which crystal 
lises from benzene in microscopic, flat rect- 
angular prisms 2C„H,oOj + CyHjN + Kp » 
C28H2,N0, + CgHj CO2H (Japp a Tresidder, B 16, 
2652) — 11 Heated with somewhat more than 
the equivalent quantity of phosphorus penta 
chloride, benzil yields dichlorodeoxybenzoln 
{chlorobenzilj OgHj CClj-CO O^Ha [71°] Short, 
thick rhombic prisms, insol water, v sol ether, 
not so readily in alcohol When heated with 
alcohol or water to 180° it yields benzil and hydro 
chloric acid Zinc and hydrochloric acid, acting 
on an alcoholic solution, convert the compound 
into deoxybenzoin , acetic acid and zinc dust re 
duce it first to deoxybenzom, and finally to stil 
bene PCI, at 200° replaces the remaining oxygen 
atom by Cl,, yieldmg tolane tetrachloride, 
C„H,.C1, (Zmin, A 119, 177 , J 1880, 614 , A. 
149, 874) 

Isobeazll — 1 A substance having the same 
composition as benzil is obtained by acting with 
•odium amalgam on a solution of benzgy) 
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bhlonde m anhydrous ether (Brigel, A 186, 
172) Ordinary benzil is formed at the same 
tune ^mger, B 16, 996) Isobenzil forms 
colourless tabular monoolmio crystals, also lus- 
trous laminae or needles [145°-166°], sol alcohol, 
ether and CSj It is probably a polymende of 
benzil, forgyhen treated with bromine it yields 
benzil (1 mol ) and benzoyl bromide (2 mols ) 
C 2 «H 2 o 04 + Bta =» C,<H,oOa + 20 bHj COBr Heated 
with alcoholic potash it gives the violet coloura- 
tion of benril and is converted into benzilio acid 
together with a small quantity of benzoic acid 
(Klinger, loc cit , also B 19, 1862) — 2 By heat 
mg benzoic aldehyde with sodium amalgam in an 
atmosphere of C 02 ,Alex 6 ef (A 129, 347) obtained 
an oil (314° approx ) to which he assigned the 
formula S G ^ - 1 104 (approx ) 

F R J 

BEKZIL, AMMONIA BEBIVATIVES OF 

There are four general r«?actions known, accord- 
ing to which compounds containing the dicar- 
bonyl group — CO CO — form condensation com 
pounds with aldehydes and ammoma jointly 
As a knowledge of these reactions is necessary 
to an understanding not only of the behaviour 
of benzil with aldehydes and ammonia, but also 
of that of benzil with ammonia alone, the gene- 
ral equations for these reactions will be in- 
troduced at this stage In the following equa 
tion# X' stands for the monad hydrocarbon radi 
ole of the dicarbonyl compound, and R' for the 
monad hydrocarbon radicle of the aldehyde 

X' CO 

L I +R'CHO + NH,* 

X' CO 
X' 0— 0. 

(I >CJl' + 2H,0 
X' C— 

r CO 

n I +R'CHO + 2NH,- 

X' CO 

X' O-NH. 

II >CR' + 8H20 
X' C 

X' CO 

m I +2R'CHO + 2NH,- 

X'CO 

R' CH NH CO X' 

I + 2 H 2 O 

R' CH NH CO X' 

Here the dicarbonyl compound is broken up 
into two halves, whilst the two aldehyde groups 
become directly umted Lastly 

X'CO 

IV. 2 I +R'0H0 + 2NH,- 
X' CO 

CaH,N 2 X' 4 R' 0 , + 2 H ,0 

The constitution of the compounds of the 
last mentioned type is unknown (Japp a Streat 
feild, C J 49, 166, Japp a Hooker, C J 
46, 678 , Japp a Wynne, G J 49, 464) 

It 06 shown later on, that m the 

resiotions of benzil with ammonia a part of the 
benzil IB first broken up with formation of 
benzoic acid and benzoic aldehyde, which latter 
then takes part, together with benzil and 
ammonia, m the final reaction The benzil- 
ammonia reactions are therefore in reality 

VoL. L 


benzil aldehyde ammonia reactions, and will be 
more readily understood if the reactions of the 
latter class are described first 

Reactions of Benzii# with Aldehydes and 
Ammonu , — 

Eqziatton I (vide supra) — ^Benzil gives no 
reactions according to this equation so long as 
free aldehydes are used, but with nascent ben- 
zoic aldehyde, produced by the decomposition 
of a portion of the benzil, it reacts according to 
this equation, yielding henzilaniy CjiHjjNO {vide 
infra) In the case of some other dicarbonyl- 
oompounds, however, such asphenanthraqumone 
{q v), this reaction occurs with various free 
aldehydes 

Equation II — Benzil reacts according to 
this equation with forrme aldehyde, acetic aide 
hyde, isovaleric aldehyde, qlyoxal, benzoic alde~ 
hyde (free), and p oxybenzoic aldehyde The 
compounds formed are denvatives of gly- 
CH— NHv 

oxalme || ^CH 

CH N^ 


Thus when benzil and formic aldehyde are 
warmed with ammonia in alcoholic solution at 
about 40° diphenylglyoxaline is formed 
C«H, CO 

I +HCHa+2NH,-. 

CO 

C«H,C— NH. 

)| ^CH + SHjO [The excess of aloo- 
C^Hj C N^ 

hoi and ammonia is expelled by heating , the 
base IS extracted with dilute hy^ochlonc acid, 
precipitated with ammoma, and crystallised 
from hot alcohol It separates from hot alcohol 
on cooling in long oblique crystals (monosym- 
metric), and from cold ^cohol by evaporation 
in short lustrous crystals (also monosymmetnc, 
but not referable to the same parameters) 
[227°] Monacid base (C, 5 H, 2 N 2 ,HCl) 2 ,PtCl, : 
pale yellow, amorphous precipitate, speedily 
changing into microscopic flat needles (Jappk 
C J 61, 658)] — When acetic aldehyde is 
substituted for formic aldehyde in the fore- 
going reaction, methyldiphenylglyoxahne^ 


C A C— NH> 


\ 


yyC CH„ 18 formed [Orthorhombic 

CAC N'^ 

crystals [235°], v sol ether and hoi alcohol 
(C, 9 H,<N 2 ,HCl)j,PtCl 4 2 aq yellow microsoopio 
needles (Japp a Wynne)-] The base forms a 
molecular compound with diphenylglyoxaline 
(J )] Benzil, isovaleric aldehyde, and ammo- 
yield isobutyldiphenylglyoxahne, 


[Needlea 


CeHj C— NH. 

II >c CH2 cH(cn,),. 

0,H,C N^ 

[228°], sol hot benzene and alcohol. 
(C,»H 2 oN 2 ,HCl) 2 ,PtCl 4 amorphous yellowish- 
brown precipitate, or small crystals (J a W ) } 
Olyoxal, as a dialdehyde, recicts with twice tne 
proportion of benzil and ammoma, forming 
tetraphenylgly cosine, 

O4H, 0— NHy vNH— C 0 A 

[From hot 

OA U — 0 OA 

alcohol in tufts of silky needles of the formula 
OjoE[ 22 N 4 , 0 ,H.O Melts above 800° Feebly 
basic (Japp a Olenunahaw, C J 61, 668 )], 
Benul, heneoyfi aldehyde^ and ammoma yiuiiiv 
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CAO-NHv 

lophme, II 0 A (Bacbsiszewski, 

CAC 

B 15, 1498) In a similar manner p-oxy 
beneotc aldehyde gives p oxylophine, 

C.H* 0-NHv 

II >0 0A(0H) [Tufts of colour. 
C A 0 — 

less needles [264°-255°], v sol hot alcohol, sol 
caustic soda, forming a sodium compound. 
Heated with acetic anhydride, it forms a mon- 
acetyl derwatwe C2,H,5(C2H,0)N20 [229°] , 
needles, with a famt satiny lustre, sol hot alco 
hoL Distilled with zinc dust, p oxylophme 
is converted into lophine (Japp a Robinson, 
C J 41, 32b)] 

Equation III — Illustrations of this equation 
are to be found in the reactions of salicylic 
aldehyde and furfuraldehyde (pyromucic aide 
hyde) with benzil and ammonia Cinnamic 
aldehyde also reacts according to this equation , 
but in this case another reaction, accordmg to 
Equation IV , occurs simultaneously 

Thus when equal weights of salicylic alde- 
hyde and benzil are dissolved in warm alcohol 
and the hquid is saturated with gaseous am- 
monia, the condensation compound dibenzoyl 
dwxystilbene diamine separates as a crystal 
line powder 

CO C H 

2CA(0H)CH0+( ' ‘ +2NH,-i 

CO 

OA(OH) CH.NH CO CA 

I + 2 H 2 O 

C«H,(OH) CH NH CO C A 
[It 18 purified by dissolvmg it m boiling phenol 
and precipitating with alcohol Microscopic 
plates, melting with decomposition above 300°, 
insol in the ordmary organic solvents, sol boil- 
ing phenol, sol caustic soda, forming a sodium 
compound By fusion with caustic soda it yields 
sodium benzoate and sodium salicylate Heated 
with dilute hydrochloric acid at 210° it is 
hydrolysed into benzoic acid and dwxystilhene- 
0 A(0E) CH NH, 

diavmne | , small lustrous 

CA(OH) CH NH, 

lsmma9 [180 5°], v sol hot benzene, di acid 
base the Pt salt, C,4H,aN202,2HCl,PtCl44aq 
forms thick, orange-colour^, rhomboidal plates 
with bevelled edges, anhydrous at 100° This 
base IS, however, more really obtamed from its 
acetyl-denvative {infra) When the condensa 
tion compound is boiled with axetic anhydride 
until it dissolves, dibenzoyl-diacetoxystilbcne- 
C,H4(0 C AO) CH NH(C AO) 
dtamtne I is 

C,H,(0 CAO) CH NH(C,H,0) 
formed (rhomboidal laminse [226^-227°], sol 
acetic acid) , and by boihng this compound for 
eight hours with acetic anhydride the ben 
zoyl-groups are replaced by acetyl groups 
yielding diacetyl - diacetoxyst^bene-diarmne 
CA(0 CAO) CH.NH(OAO) 

I (pnsms 

OA(0 CAO) CH NH(C AO) 
[216°>219°j sol. glacial acetic acid and alcohol, 
deposited from latter solvent with 1 moL of 
alcohol of crystallisation) This compound is 
a tetra acetyl derivative of the above-mentioned 
base By the action of caustio alkali or oonc. 


hydrochloric acid on this tetra-aOetyl-componnd, 
the four acetyl-groups may be removed m sue 
cessive pairs, yieldmg first diacetyl-dioxy 
CA{OH) CHNH(CAO) 
stilbene diamtne | (crys- 

C,;H4(0H) OH NH(CAO) 
talline powder meltmg above 30Q^, sol hot 
phenol, sol caustio alkalis), and finely dioxy 
stilbene diamine The latter base is most con 
veniently prepared by heating the tetra acetyl 
compound with cone hydrochloric acid at 120° 
By beatmg the condensation compound with 
benzoic anhydride a dibenzoyl derivative, 
corresponding with the diacetyl derivative is 
obtamed, it is a tetra benzoyl derivatne 
CeH4(0 CAO) CH NH(C AO) 
of the base, thus | 

C,B.fO CAO) CH NH(C,H«0) 
Microscopic plates [246°-248°], sol acetic acid , 
sol dilute caustic potash on long boiling, re- 
generating the condensation -compound These 
various acetyl and benzoyl derivatives may also 
be synthesised from dioxystilbene diamine by 
treatment with acetic anhydride and benzoic 
anhydride The dibenzoyl derivative thus pre 
pared is identical with the original condensation 
compound (Japp a. Hooker)] 

Benzil, furfuraldehyde, and ammoma also 
react according to Equation III 

C, A 0 O 2 + 2C,H402 + 2 NH 3 = C24H,oN,04 -h 2 E[ 20 , 

forming, however, two isomeric compounds of 
the formula C24H2ftN304 One of these is an 
analogue of the salicylic aldehyde compound , 
it 18 separated by means of its insolubility m 
alcohol, and punfied by dissolving in boiling 
phenol and precipitating with alcohol Crystal 
Ime powder, v sol hot phenol, si sol glacial 
acetic acid The isomeric compound crystallises 
from alcohol m tufts of silky needles [246°] 
(J a H) 

When cinnamic aldehyde, benzil, and am 
monia are alloweu to react in alcoholic solution, 
a mixture of two compounds is obtained Boil 
ing alcohol extracts one of these, and the re- 
maining compound, which is insoluble in 
alcohol, is purified by dissolvmg m hot phenol 
and precipitating with alcohol The compound 
soluble m alcohol is cinnimabenxil, 

{infra) The compound insoluble m alcohol is 
dibenzoyl-dicinnamylene diamtne and is formed 
accordi^ to Equation III 

C A CO 

20 A CH CH CHO + I + 2NA - 

CA CO 

C,H 3 CH OH OH.NH.CO OA 

I + 2 H 2 O 

C A-CH CH CH NH CO CAi 
Crystalline powder, consisting of short micro 
Bcopic pnsms [264°], msol m the ordmary 
organic menstrua, sol hot phenol When heated 
with a solution oi potash m methyl alcohol at 150°, 
it parts with the elements of benzoic acid and is 
converted mto beneenyl-dicmnamylene-dtamene 
C A CH CELCH—NHv 

I 0 A Silky needles, 

CACHCHCH — N^ 

[228°], sol benzene and alcohol Monacid base 
Pt salt, (C23A,N23Cl)„PtCl42aq, forms silky 
needles 

Equation IV —The above mentioned soMfU 
prodoot of the reaction of einnamio aldehyde 
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with benzil and smmania — ommmabenttl, 
— 18 formed aooordmg to Equation IV 

o;a,oo 

2 I + 0,H, CH OH CHO + 2NH, - 
OA<bo 0„H3^A + 2H,0 

Crjstaliisea from hot alcohol in two forms — 
slender neAUes and minute short prisma [188’’], 
sol benzene A solution of potash in methyl 
alcohol) when allowed to act upon it m the 
cold, forms potassium benzoate and cxnnxdxma- 
benzil, CjoHjjNjOj 

C,)H,oN,0, H KOH - + C A COOK 

Crystalline powder [283°], sol hot phenol, pre- 
cipitated by alcohol By boiling cmnimabenzil 
with dduie sulphuric acid it is hydrolysed, yield- 
ing benzilimide (in/m), cinnamic aldehyde, ben- 
zoic acid, and ammonia 0, AoNjO, + 2H2O =» 
C2,H„N03 + 0,H,0-i-0A0a + NH3 (Japp and 
Benzilimide 

Wynne) * 

Beactions of Benzil wi t h Ammonia alone — 
Laurent, Eevue Scient 10, 122 , 19, 440 , Zmin, 
A 34, 190 , Zincke, B 16, 890 , Japp, B 16, 
2636 , Henius, A 228, 339 , Japp a Wynne, 
C J 49, 473 

By heating benzil with alcoholic ammonia 
the following compounds are obtained ima- 
benzil, CgAs^Ps, benzilimide, CjiHj^NOj, 
henzilam, CjiHisNO, and lophine, CjjHiaNj At 
the lame time benzoic acid, ethybc benzoate, 
and benzamide are formed This reaction was 
first studied by Laurent, who prepared the first 
three of the above mentioned compounds, ascri- 
bmg to them, however, incorrect formulffi 

Benzil 18 dissolved in alcohol bo that the 
solution 18 saturated at 40° , gaseous ammonia 
is passed into the warm hquid to saturation, 
and the whole is allowed to stand for 24 hours 
Prismatic crystals of imabenzil are deposited, 
whilst benzilimide, benzilam, and the other 
compounds above enumerated remain in solution 
If slender acicular crystals of benzilimide should 
separate they may be removed by warming with 
alcohol, in which imabenzil is soluble only with 
difficulty The formation of imabenzil may be 
expressed by the equation 3C,4H,A + 2NHj=- 
CajHjjNjO, + C^Hj COOH -f HjO Imabenzil 

forms small lustrous orthorhombic pnsms [194°], 
b1 sol hot alcohol, decomposing on long boiling, 
and yielding among other products benzilimide , 
the best solvent is hot methyl alcohol Boiled 
with dilute sulphuric acid (1 vol acid 2 vols 
water) it is converted into benzihmide, benzil, 
and ammonia 

CjjHjjNjO, + HjO ^ OjjHjyNO, + + NH, , 

whilst cold cone sulphuric acid dissolves it, 
converting it mto benzilam, benzaldehyde, ben- 
Eoio acid, and ammonia 

CaaH^aN^Oa + HjO- 

AHjjNO + 0 AO + 0 AO, + NH, 

(Japp a Wynne) The formation of benzilam 
in this reaction was first observed by Laurent 
Boihng with alcoholic pofnsh converts imabenzil 
into tenzilumde (Laurent^ Acetic acid and 
acetic anhydride act hke dilute sulphunc acid, 
decomposing it on boilmg with formation of 
benzihmide and benzil (Henius) Heated for 
some time to 140° it decomposes and melts, 
forming benzihmide, benzilam, and lophine, 
whilst an odour of benzoio aldehyde is peroepti' 
W^(H). 


The alcoholic ammoniacal mother-hqupr 
from the preparation of imabenzil yields, when 
concentrated, a mixture of benzilirmde and hen- 
zilam A similar mixture is obtamed by heating 
benzil with alcoholic ammonia for some hours 
at 100°, the imabenzil which is first formed 
being converted into benzilimide and benzilam , 
at 130° lophine is also formed (Henius) The 
formation of lophine occurs according to the 
equation 2C,Ao^a+ 2NH,= 

CaiH.aNj + CeHj COOH + 2 H 2 O 
Benzilimide and benzilam are best separated by 
boiling the mixture with light petroleum, which 
extracts the whole of the benzilam, depositing 
it on cooling, m rosettes of pnsms, and hardly 
dissolves the benzilimide, which may be pun- 
fied by crystallisation from hot alcohol Ben 
zihmide is formed from benzil and ammoma 
according to the equation — 

2ChH,o02 + NH 3 = + CA COOH 

Tufts of silky needles [137°-139°] (H ), soL 
hot alcohol Concentrated sulphuric acid 
dissolves it in the cold, abstractmg the elements 
of water, and converting it into benzilam (L ) 
CjiH^NOj-H^O^C^jHisNO Heating with 
acetic anhydride produces the same effect (H ) 
Chromic mixture oxidises it to benzoio acid 
(H ) Benzihmide may also be prepared from 
imabenzil by Laurent’s method of boilmg it with 
alcohohe potash 

Benzilam (CjjHjjNO) may be obtained aa 
above, along with benzilimide, and separated 
from it as already described, or it may be 
obtained either from imabenzil or from benzih- 
mide, by the action of cold cone sulphuric aoid» 
The solution of imabenzil in the cold acid is- 
poured mto water, when benzilam separates and 
may be purified by recrystallisation from alcohol 
Most readily obtained by heating benzil with fused 
ammonium acetate in a fiask over a flame until 
the ammonium salt is volatilised (Japp a Wilson, 
C J 49, 829, footnote) , but as some lophine 
18 formed at the same time, the benzilam must 
be extracted by means of hot light petroleum, 
in which the lophme is practically insoluble. 
The formation of benzilam from benzil and 
ammonia may be expressed thus 
2C,,H,„0, + NH3 = Cj.H.jNO + CaHjCCXIH + HjO 
Well developed rhombic pnsms (from a mixture 
of ether and alcohol by spontaneous evapora- 
tion (H )), colourless when pure , thin lustrous 
laminffi, sometimes indescent, (from hot alco- 
hol), rosettes of prisms (from hot hght petro- 
leum) fll3°-114°]* Distils at a high tempera- 
ture without decomposition (L) VD (air-l) 
10 23 calculated 10 28 (J ) With nitric acid 
it yields a mono-nitro denvative (needles 
[178°-182°] from benzene) and a dinitro- deri- 
vative (H^ Chromic mixture oxidises it to 
benzoic acid (H ) 

The above reactions of benzil with ammonia 
may be explamed as follows In the first place 
a portion of the benzil is broken np according 
to the following equations 


(a) OaH, CO CO CeH, + H,0 - 
CA COOH + CACHO, 
Benzoio add Benzoio aldebyds 

(>) CA CO CO CA + Eton- 
OA COOEt + CACHO, 

Stbylio benzoate 

B B i 
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tc)0«H,C0 COO^.-^-NH,* 

C,Hs CO NHa+C^HjCHO 

Benzainiile 

These three compounds — benzoic acid, ethy 
lie benzoate, and benzamide — are always formed 
in the reaction of benzil with alcoholic am 
monia (The benzamide may also be regarded 
as having been formed in a secondary reaction, 
from ethylio benzoate and ammonia ) The 
benzoic aldehyde, which is the by product in 
e^ery case, then reacts, in the nascent state, 
with benzil and ammonia according to one or 
other of the following equations 


0 A CO 

(d) I +C,H,CHO + NH,» 
CeH, CO 
CeH. C~ O . 

II >C(0H)C,H, + H,0 

CA C-NH/^ 


This reaction of an aldehyde with a dicarbonyl 
compound and ammonia, in which bcnzthmide is 
produced, is not known to occur in the case of 
free aldehydes 

If the reaction occurs according to Equation 
I of the general reactions, bmzilam is formed 

CA CO 

(e) I +C«H,CHO + NH,« 

CO 

0— Ov 

II yCeH, + 2H,0 

C-N^ 

Benzilazn 


These formulas for benzilimide and benzilam 
account for the readiness with which the former 
18 converted into the latter by the action of de 
hydrating agents 

If the reaction occurs according to Equation 
II , lophine 18 produced 
C.H, CO 

(/) I +C«H,CH0 + 2NH,- 
CO 

CeHj C— NH. 

II >CC«H, + 8H20 
CeH.C— 

Lophiae 

Finally, if it occurs according to Equation IV , 
the product is imabenzil 


CO 

{g) 2 I +C,H 4 CH 0 + 2NH,- 

CACO C„H,,NA + 2H,0 

ImabeuzlJ 


But free benzoic aldehyde, with benzil and 
ammoma, yields only lophine 

The foregoing equations express the forma- 
tion of the various compounds obtained from 
benzil with alcohohe ammoma The reactions 
in which the complex compounds discovered by 
Laurent are formed thus really occur in two 
stages, of which the first consists in the forma- 
tion of benzoic aldehyde, the second m a benzil- 
aldehyde ammonia condensation (Japp, B 16, 
2636, Japp a. Wynne, C J 49, 477) 

F R. J 

BEHZIIIO ACID C,,H,A“ 
(C„Hj)2 C(0H) OOOH Dvphen/ylglycollic acid 
{160'=»] (Jena) 

Formation —1, By^ wi^rming hehail with 


aloohoho potash CjHj CO CO.C^Hs + KOH 
(C,H,)„C(OH) COOK (Liebig, A 25, 26 , Zinin^ 
A 31, 329) — 2 By boilmg diphenyl bromo acetic 
acid, (C„H 4 ) 2 CBr COOH (obtained by passing the 
vapour of bromine over heated diphenyl acetic 
acid), with baryta water (Symons a Zincke, A 4 
171, 131) -f 

Preparation — 1 Benzil is added to five times 
its weight of melted potash to which a little 
water has previously been added The whole 
solidifies, owing to the formation of potassium 
benzilate (E Fischer, B 14, 326 footnote) The 
mass IS dissolved in water, and the benzilic acid 
is precipitated by hydrochloric acid and recrystal 
lised from boihng water —2 It can also be pre 
pared from benzom 16 g benzom, 20 g KOH 
and from 20 O to 300 c c water are heated in a 
current of air until everythmg has dissolved 
The solution is extracted with ether to remove a 
small quantity of di^^henyl carbinol which is 
formed by the decomposition of the benzilio 
acid, and solid caustic potash is added This 
causes the separation of nacreous lammaa of 
potassium benzilate, which are removed by fil- 
tration, washed with a solution of caustic potash* 
and finally decomposed with sulphuric acid 
(Klinger, B 19, 1868) 

Properties — Small white monoclmic needles 
with a satiny lustre Heated above its melting 
point it turns red Cone H 2 SO 4 colours it^eep 
red , the colour disappears on the addition of 
water V sol alcohol, ether, and boiling water , 
si sol cold water Bitter taste 

Reactions — 1 Heated for several hours to 
180° it yields a deep red liquid, and, on cooling, 
solidifies to an amorphous mass, from which, 
by treatment with alcohol, dibenzilic acid 
[19C°], benzophenone, and other pro 
ducts can be isolated (Jenal — 2 Chromic 
mixture oxidises it to oenzophenone 
(C,H,),C(OH) COOH + 0=. 

( 0 ^) 200 + CO 2 + H 2 O 

Benzophenone is also produced when silver 
benzilate is heated, either alone or with water 
(J ) — 3 Heated with hydnodic a^id (127°) to 
160° it is converted into diphenyl acetic acia 
(C,H,)2C(0H) COOH + 2HI « 

(C^HJ^CH COOH + 12 + HjO 
Zinc and hydrochloric acid, and sodium amal- 
gam, are without action (J ) — 4 Barium benzi 
late, distilled with Jgth of its weight of soda-' 
yields diphenyl carbinol 
(C,Hj)2C(0H) C00H= (C^HJjCH OH+ CO 2 
(J ) — 6 Treated with PClj it yields benzil 
chloride, 0 , 4 H,, 0301 , a heavy, colourless liquid 
(270°), which m contact with moist air is rapidly 
decomposed into benziho and hydrochlonc acids 
(Cahours, A 70, 46) w 

Salts — ^Benzilio acid is monobasic 

C, 4 H„ 0 ,K V sol crystaUme salt (Zinin) — 
(CuH„0,)jBa6aq v sol crystalhne crusts 
with a fatty lustre (J ) , separates from alcohol 
m anhydrous needles (Symons a Zincke) — 
(C, 4 H,,Og) 2 Pb pulverulent precipitate, obtained 
by adding lead acetate to an aqueous solution of 
benzilio acid , fuses on heating to a red hqmd 
(Zinm) — 0 , 4 Hj, 0 ifAg easily decomposable pre- 
cipitate (J ) 

Ethylic benzilate^ 0 , 4 H„ 0 , CsHg Separates 
as an oil when a solution of benziho aoid in 
ethyl alcohol is saturated with gaseous BCl an^ 
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then diluted with water Not volatile without 
decomposition (J ) 

Ethyl benztlic acid, C,«H,<,03, isomenc with 
the foregoing, is a resinous substance obtained 
by heating benzoin in alcoholic solution with 
Sodium ethoxide at 160° Scarcely soluble in 
potash andg>mmonia, save in presence of alcohol 
(Jena a Limpricht, A 155, 9b) 

Dibenzilic acid, [196°], obtained by 

heating benzilic acid to 180° {v supra), 
crystallises from alcohol in minute needles It 
IS an anhydride, and, by heating with water at 
180°, is converted mto beuzihc acid (Jena, B 
2, 886) F B J 

BENZILIHIDE t? Benzil, ammonia debi- 

VATIVEB OF 

BENZIMIDE V Benzoic aldehyde 
BI'BENZIMIBE OXIDE v Benzonitrile 
BENZIMIDO-ACETAigS V Benzonitrile, 
Combination 6 

BENZIMIDO BENZOATE v Benzonitrile, 
Heaciion 6 

BENZIMIDO BUTYL. ETHEE v Benzo 
nitrile. Combination 5 

BENZIMIDO ETHYL ETHEE tj Benzo- 
NITRILE, Combination 6 

BENZIMIDO NAPHTHYLAMIDE © 
Naphthyl benzamidine 

BENZO ANILINE v Amido benzophenone 
BENZO-TEI CHLORIDE C.H.Clg t e 
CCl, Mol w 195 5 (214°) S G 1 38 

Formation — 1 From benzoyl chloride and 
PClj (Wohlei a Liebig, A 3, 265 , Schischkoff 
a Bosing, C R 46, 367 , Limpricht, A 134, 65 , 
135, 80 , Bl 1806, ii 468) — 2 From benzyli- 
dene chloiide by chlonnation (Cahours, C R 
66, 703) —3 By chlorination of toluene (Naquet, 
C R 65, 407 , 56, 482) 

Preparation — By passing chlorine (3 mols ) 
into cold toluene (1 mol ) exposed to direct 
sunshine (Schramm, B 18, 608) or into boiling 
toluene 

Properties — Pungent liquid, insol water, 
which slowly converts it into benzoic acid (the 
change is rapid at 140°) Alcohol at 130° forms 
ben/oic ether 


Reactions — 1 Sodium has no action. — 
i Ag^ forms benzoic anhydride — 8 Aqueous am 
snonia at 140° gives benzoic acid, benzamide, and 
benzomtrile, reacting thus CaHsCClj + dNH, « 
8NH4OI + CgHsCN — 4 Aniline forms di phenyl- 
benzamidine, C«H3C(NC,H,) NHC^Hj — 6 Reacts 
with aromatic bases thus CgHjCCl, + 2C<,H4NXY 


- 0,H4CC1(C3H4NXY)j + 2HC1 - 

PA^C:h:SIy01 + 2HC1' 


forms the carbmol 0aH30(0H)(CgH4NXY)2, The 


reaction requires presence of a metallic chloride 


or other condensing agent , it takes place most 


■easily with tertiaiy bases, least readily with 


primary bases The products are dyes, the 
primary bases giving violet, the secondary 
and tertiary green, colours — 6 It acts simi- 
larly on phenols CCl, + 2O3H4OH - 

2HC1 + 0^4GCl(Q4H40H)y The products are 
Xsonverteu by treatment with water into oarbinols 


C4H4C(OH)(OJEl40H)„the alkaline salts of which 
are colouring matters (Doebner, A 217, 226) — 
7 Converted by heating with dry oxalic acid, 
-first into Ph CO Cl, then into (Ph 0O)jO) 


(Ansohiitz, A 226, 20) — 8 produces, on 

heating, CCl* COlg-CaH* (Onufrowicz, B IT* 
833) 

jBENZO CUMIDE v Phenyl amido ouhtl 

KETONE 

BENZO-FUEILIC ACID v Benztubilio acid 

I80-BENZ0GLYC0L t e 0 A(OH)2(?), 

[171°] A crystalline substance formed by the 
electrolysis of a mixture of benzene, alcohol, and 
dilute H2SO4 (Renard, C R 91, 176) Sol 
water, alcohol, and ether Reduces Fehling’s 
solution and ammomaoal AgNO, 

JDi acetyl derivative 04Hg(0Ac)2 [121°] 
(300°) Insol water, sol alcohol and ether 

DI BENZO-HYDEOQUINONE v Dr phenyl 
di oxy phenylenk di ketone 

BENZOIC ACID C.H.Oj le OgHj COjH 
Mol w 122 [1214°] (Schiff) (249 2 cor) 

(Kopp, A 94, 303) S G ai 1 20 (Mendel6eff) , 

1 337 (RudorS, B 12, 250) , 1 292 (Schroder, B 
12, 662) S 166 at 0° (Ost, J pr [2] 17, 232) , 
172 at 0°, 207 at 10°, 425 at 31°, 178 at 
75° (Bourgoin, J Ph [4] 30, 488) S (ether) 66 
at 15° S (alcohol) 47 at 16° (Bourgoin, Bl [2] 
29, 245) H F 94,533 (Stohmann, J pr [2] 
36, 2) SV 126 (Ramsay) SVS 112 09 
(S ) Rqq 54 21 (m a 6 p 0 benzene solution, 
Kanonnikoff) 

Occurrence — In various resins, e g gum ben- 
zoin, dragon’s blood, storax, and balsams of 
Peru and Tolu (Blaise de Vigen5re, TiaiU du 
feu et du sel, 1608 , Liebig a Wohler, A 3, 249) 
In castoreum (Wohler, A 67, 3G0), in the* 
spindle tree {Euonymus europoeus) In putnd 
urine (Liebig, A 60, 168) In cranberries 
(Loew, J pr [2] 19, 312) In the higher boiling 
phenolic portion of coal tar oils (Schulze, B* 
18, 616) 

Formation — 1 By oxidation of benzoic al* 
dehyde, benzyl alcohol, toluene, cinnamic acid, 
Ac — 2 In small quantity, by passmg a current 
of dry CO2 through a nearly boiling mixture of 
aluminium chloride and benzene (Fnedel a 
Crafts, C R 86, 1368) —3 In small quantit/j 
by the action of H2SO4 and MnOj on benzene, 
especially when formic acid is added (Canu^A* 
148,61,69) —4 By distilling calcic phthalate with 
lime (Depouilly, Bl [2] 3, 163, 469) — 6 By the 
action of H^S04 and MnOj on casern or gelatiA 
(Guckelberger, A 64, 80) — 6 By fusing potasi 
Slum benzene sulphonate with sodium formate 
(V Meyer, B 8, 112) — 7 From benzonitrile by 
saponification — 8 By passing CO, into sodium 
in bromo benzene (Kekul6, A 137, 129) 

Preparation — 1 From gum benzoin by 
sublimation or by extracting with lime water or 
acetic acid (Mohr, A 29, 178 , Soheele, Opuso^ 
2, 23 , Wohler, A 49, 246 , Loew, J pr 108 
267 , Guichard, Bl [2] 19, 367) Some vanetiea 
of gum benzoin contam cinnamic acid, but this 
acid 18 absent from the benzoin of Siam or 
the Palembang benzoin from Sumatra, the 
latter yields 10 p c benzoic acid (Saalfeld, Ar 
Ph [3] 16, 280) Benzoic acid that has been 
sublimed from gum benzoin leaves a smali 
quantity of oily lesidue when treated with 
aqueous NasCO, , this oil consists guaiaool, 
methyl benzoate, pyrocatechin, acetyl gnaiadof, 
benzyl benzoate, benzophenone, and benzoylp- 
guaiaool (Jacobsen, Ar Ph [8] 22, 866);-*- 

2 From bippurioaoid Uri^ ofiio^et^t 
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pxen is left for iKwne days to putrefy, when the 
hippuric acid is split up into glyoocoll and ben- 
Eoic acid milk of lime is added and the liquid 
concentrated, excess of lime is ppd by 00,, 
and the filtrate ppd by Fe Cl« , the feme ben 
Eoate IB decomposed by HCL Benzoic acid 
prepared m this way crystallises in plates and 
smells of unne, but by sublimation it may be freed 
from the smell and then crystallises m needles 
(Dymond, Ph [3] 14 463) —3 From benzo 
trichloride by decomposing it with water 
under pressure, with lime or baryta water, or 
with ZnClj and glacial HOAo (2 mole ) at 100° 
(Jacobsen, B 13, 2013) —4 From benzyl chlo- 
ride by boiUng with dilute HNO, (Lunge a 
Petri, B 10, 1275 . cf v Bad, D P J 231, 
638) 

Properties — Needles or pearly plates When 
pure it does not melt under water, but slight 
impurities greatly affect its physical properties , 
the so called salylic acid was impure benzow 
acid (Kolbe a Lautemann, A 116, 187 , Kekul6, 
A 117, 159, Griess, A 117, 34, Reichenbach 
a. Beilstem, A 132, 309 , Kolbe, J pr [2j 12, 
161) Volatile with steam (1 g passing over 
with about 2,000 c,c water) It dissolves in 
cone H^SO^ and is reppd by water It is not 
attacked by boiling dilute HNO3 or CrO, (which 
convert cinnamic acid into benzoic aldehyde) , 
its neutral salts give a buff coloured pp with 
Fe^jCl*. 

Reactions — 1 Passage of the vapour through 
a red hot tube gives CO and benzene — 2 Dis 
Hllation with lime produces benzene — 3 Fusion 
with NaOH produces benzene (75 pc of the 
theoretical amount) and a little diphenyl (Barth 
a Senhofer, B 12, 1250) — 4 Fusion with KOH 
produces chiefly p oxy benzoic acid, but also o- 
and fK oxy benzoic acids, oxy iso phthalic acid, 
diphenyl 0 , and p carboxylic acids, and a 

brown amorphous substance (Barth a. Schreder, 
M 3, 799) —6 MnO^ and H SO^ form COo. 
formic acid, and small quantities of phthaho 
and terephthahe acids (Carius, A 148, 50 , 
Oudeinans, Z [2] 6, 84) — 6 Hydrogen peroxide 
and H^SO^ produce salicylic acid (Hannot, C R 
102, 1250) — 7 Vapours of benzoic acid passed 
over heated zinc dust form benzoic aldehyde 
(Baeyer, A 140, 295) — 8 Sodium amalgam 
reduces it to benzyl alcohol, and benzoleic acid 
and an oil (Kolbe, A 118, 122 , 

Hermann, A 132, 76) — 9 PClj forms benzoyl 
chloride — 10 Distillation with KSCN or 
Pb(SCN), gives benzomtnle — 11 Benzene and 
P,0* at 190° give benzophenone (Kollants a 
Merz,B 6,447) — 12 Dimethylanih'neexidVJd^ 
give OgHj CO CeH, NMej (O Fischer, B 10, 958) 

13 Chlcrnne produces chloro benzoic acids — 

14 Bromine forms bromo-benzoio acids — 16 
lod/ine m presence of HIO, forms lodobenzoic 
acid. — 16 Cone HNO, forms m mtro-benzoic 
aoid.--17 Fuming H^SO^ forms sulphobenzoic 
acid. — 18 In the animal orgamsm it is converted 
into hippunc acid and excreted in the urme 
(Wdhler) — 19 Cr,P^ forms di fluoro benzoic 
amd (Jackson a. Hartshorn, B 18, 1993) 

Salts — Benzoic acid decomposes car> 
bonates, but an alcoboho solution of potassium 
benzoate is decomposed by CO,. Oaloium ben- 
Boate gives on dikiliation benzophenone, and 
amaller guantities of benzene, anthraqninone, 


and tetra phenyl methane (KekuU a. Franohi* 
mont, B 6, 909) Calcium benzoate distilled 
with calcium formate gives benzoic aldehyde. 
Potassium benzoate distilled alone or with 
sodium formate gives terephthahe and iso- 
phthaho acids (Eiohter, B 6, 876 , Conrad, B 
6 , 1396) Cupric benzoate gives on distillation 
benzene, benzoic acid, di phenyl oxide Ph^O, 
phenyl benzoate PhOBz, and phenol (List 
a Limpricht, A 90, 190) Cyanogen bro- 
mide acts upon potassium benzoate thus, 
Ph CO,K + CNBr « Ph CN -f CO, + KBr (Cahours, 
A Ch [3] 62, 201) Potassium benzoate when 
electrolysed gives K and benzoic anhydride , 
in presence of excess of KOH acetylene is also 
formed ^ourgoin, Z [2] 4, 566) 

AlsAs(OH),aq crystals (Sestini, Cicognani, 
a Zavatti, jBZ [2]13,488) — NH^A' deliquescent, 
on distillation it gives benzomtnle — NH^HA', — 
BaA'2 2aq — CdA'o 2a(}i — CaA'2 8aq S 3 5 — 
CeA'2 3aq — CoA'j 2aq — CuA'j 2aq needles — 
CrA'2 icaq — CrA's xaq — Cr2A'j(OH)2 2aq (Schiff, 
A 124, 169) — Fe2A'3(OH), 6aq buff coloured pp 
— LaA'jSaq — PbA'jaq plates — PbA'2 2PbO — 
MgA'2 3aq S 4 6 at 25° — MnA', 4aq largo 
flat prisms, S 6 65 at 15° (Seubert, B 20, 791) 
- HgA'2 aq — Hg2A'2 — NiA'2 3aq — KA' 3aq — 
AgA' S (alcohol) 6 at 20° — NaA' aq — 
SnA'. aq — ZnA'j- 

Methyl ether CgHjCO^Me Mol Wrl36 
(199°) (Kopp) , (195 5) at 768 mm (Stohmann, 
J pr [2] 36, 4) S G 1 10 (Kopp), ^ 1 0862 
(Bruhl) SV 149 8 (Ramsay) BH 363+ 000754 
H F 84,024 (S ) uel 5289 R 61 30 (B ) 
Formed by distilling wood spirit (1 pt ), ben- 
zoic acid (2 pts ), and H2SO4 (2 pts ) (Dumas 
a Peligot, A Ch [2] 58, 50 , Malaguti, A CK 
[2] 70, 387 , Canus, A 110, 210) 

Ethyl ether C^jH^ COgLt Mol w 150 
YD 6 53 (calc 6 2) (Troost, C R 89, 851) 
(211 2° cor ) (Linnemaun, A 160, 208), (211 4°) 
(Stohmann, J pr [2] 36, 4) 8 G ^ 1 0473 
(Bruhl) , 1 050 (L ) S H 374 + 000754 

(R Schiff, A 234, 300) HF 91,693 (St). 
fzff 1 617 (B ) R 00 68 82 (B ) Formed by 
saturatmg a solution of benzoic acid (3 pts ) in 
alcohol (2 pts ) with HCl and distilling the 
hquid Converted by Br at 270° into benzoic 
acid and ethylene bromide (Naumann, A 133, 
199) Forms crystalline compounds with 
titanic chlonde BzOEtTiCl^ — ^BzOEt 2T1CI4 — 
T1CI4 2B20Et (Demarpay, C R 70, 1414), and 
with aluminium chlonde BzOEtAlCl, (Gus- 
tavson, B 13, 167 , Scheele, Opuscula, 2, 141 , 
Dumas a Boullay, A Ch [2] 87, 20 , Wdhler a. 
Liebig, A 8, 274 , DeviUe, A Ch [3] 8, 188) 

Propyl ether (230°) S G ^4 

1032 (L), 1026 (S) HF 98,990 (Stoh- 

mann, J pr [2] 36, 4) S H. 383 + 000764 
(Schiff, A 234,800) 

Isopropyl ether C,HsCOj^ (218°), 
8 G 4 1 023 (Silva, Bl 12, 226) According to 
Lmnemann (A 161, 51) the ether sphts up on 
distillation mto propylene and benzoic acid 

n- Butyl ether (247 3* cor), 

SG 

Isobutyl ether (234°) at 765 mm* 
S.G lA 1 002 HJP 106,628 (St ) 

leoamyl ether 0,HjCOjCjH„ Mol w. 
192 (261°) (Kopp, A 94, 311), (268°) (btoh- 

mann, J pr. [2] 86, 4) V D € 71 (calc 6 fijj. 
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Troo«t,0 B 89,861) S O « 1^004 (K ) , *998 

(K ) H G 1^70,048 (St ) 

Formed by heating ethyl benzoate with iso- 
amyl alcohol at 230° for 60 hoars (Fnedel a 
Grafts, Bl [2] 2, 100) 

Octyl ether 0^ COaCgH,, (306°) (Zinoke, 
152, 7)j| 

Decyfether CgH, COjCjoHz, (over 280°) 
(Borodin, J 1864, 838) 

Cetyl ether C^Hj COjOjeH^ [30°] (Becker, 
A 102, 221) 

Allyl ether C0^C,B., (242°) (Zimn, 
A 96, 362) , (230°) (Berthelot a de Luca, A 
100, 860), (280°) (Cahoura a Hofmann, A 
102, 297) 

Ethylene ether (CgH^ [67°] 

(360°) 

Propylene ether (C^H^ C 02 )^C 3 ,Ha [72°] 

(300°) 

Isoamylene ethert{CeH.t, C02)jC5H,o [133°] 
\Mayer, Bl [2] 2, 451) 

Other ethers ot benzoic acid are described 
as benzoyl derivatives of the hydroxylic com- 
pounds from which they may be derived 

References — V alsoALDEHYDo ,Amido ,Bro- 
iio , Bromo amido , Bromo nitro , Bromo nitro 
oxY , Bromo oxy , Butyi , Chloro , Chloro iodo , 
Chloro OXY , Cyano , Fluoro , Iodo , Iodo oxy-, 
Nitro , Nitro butyd .Nitro oxy , Nitro propyl , 
OXY«, SULPHO , benzoic ACID 

Orthobenzoic acid CaHsC(OH), Benzenyl 
alcohol 

Ethyl ether C,H 5 C(OEt), (220°-225°) 
From benzotnchlonde and NaOEt at 100° 
(Limpnoht, A 135, 87) 

Tri-acetyl derivative CgHjCfOAc), 
From C^Hj CCl, and AgOAc Keadily splits up 
into Acp and CgHjCO OAc 

Salphixude of benzoic aoid v Imxde of sun 

PHOBENZOIO ACID 

BENZOIC ALDEHYDE C H^O t e CO H 

Benzaldehyde Oil of hitter almonds Mol w 
106 (179°) S G 1 0466 (Bruhl) , 1 0504 

(Mendel4eff, J 1860, 7) S 33 (Fluckiger, 
J 1875, 482) 1 5624 (B ) 

H F 23,264 (Stohmann, J pr [2] 36, 3) 

Formation — 1 From almonds {q v) — 
2 By oxidation of benzyl alcohol (Cannizzaro, 
A 88, 130), cinnamic acid (Dumas a Pehgot, A 
14, 50), and protelds (Guckelberger, A 64, 60, 
72, 86) —2 By boihng benzyl chloride with 
water and nitrate of lead (Lauth a Grimaux, A 
143, 80), nitrate of copper, or sodium nitrate — 

8 By heating benzylidene chloride with water 
or alkahs (Cahours, C B 56, 222) — 4 By mix- 
mg benzylidene chloride with cone 
dilutmg, and distilling (Oppenheun, Z [2] 5, 441) 
6 By passmg vapour of benzoic or phthaho 
acid over heated zmo dust (Baeyer, A, 140, 296) 
6 By reducing benzoic acid with SnCl, (Dusart, 
J 1862, 268), or sodium amalgam in slightly 
acid solution (Kolbe, A 118, 122) — 7 By dis 
tilling calcium benzoate with calcium formate 
(Pina, A 100, 104) —8 From benzylidene chlo 
nde and silver oxalate (Golowkmsky, A 111, 252) 
or potassium carbonate (Meunier, Bl [2] 88, 159) 

9 From toluene by successive treatment with 
OrOjOl, and water (Etard, C JB 90, 634) — 

10 From benzylidene ohlonde, acetic acid, and 
ZnCa, • Ph CHOL * OH, CO,H- 

Ph OHO + OTjCOCa + HCL 


Pre^ration—l Benzyl chloride (IptV 
IS cohobated at 100° wiUi water (10 pts ) and 
lead nitrate (1^ pts), a current of GO, being 
passed through the apparatus The product is 
distilled and the hght oil fractionated It is 
shaken with a saturated solution of NaHSO,, 
and the resulting crystalline compound is washed 
with alcohol, crystalhsed from water, and then 
decomposed by boihng aqueous Na^CO, (Lauth 
a Grimaux, A 143, 80 .Bertagnmi, A 85, IBS) — 
2 Crude benzyhdene chloride is heated at 
110°-130° with an equivalent quantity of dry 
oxalic acid, the product is distilled in vacuo 
PhCHCl, + HjCjO, = Ph CHO + 2HC1 + CO, + CO 
(Anschutz, A 226, 18) — 8 A mixture of benzyl 
chloride (2 mols ) with benzylidene ohlonde 
(1 mol ) obtained by chlorinating toluene till 
the S G IS 1 175 is boiled with water and MnO^ 
(2 mols ) (Schmidt) — 4 By heating benzyhdene 
chloride with aqueous KOH under pressure, or 
by boihng it with milk of lime — 5 Bitter 
almonds are freed from almond oil by pres- 
sure The press cake (12 pts ) is made into a 
paste with boihng water (110 pts ) , after 16 
minutes the paste is allowed to cool The emul 
sin IS destroyed by boihng, and therefore a second 
quantity of the press cake (1 pt ) is mixed with 
cold water (6 pts ) and added to the first After 
12 hours’ maceration the whole is distilled with 
steam The yield is 2 p c of the press cake (Pet- 
tenkofer, A 122, 77 , cf Liebig a W6hler, A 
22, 1) In this operation amygdahn is split up 
by the unorganised ferment emulsin, the pro- 
ducts being benzoic aldehyde, prussic acid, and 
glucose 

C^oHjjNOjj +• 2H,0 = C,HgO + CNH + 2CgH|20g 

Benzoic aldehyde so prepared contsuna 
prussic acid, vhich appears to be combined m 
the form of the cyanhydrin CgHj CH(OH) CN, 
for a mixture of benzoic aldehyde and prussic 
acid yields methylamine on reduction, while 
crude oil of bitter almonds yields amido phenyl 
ethane CgHj CH, CH, NH,, again, a mixture of 
benzoic aldehyde and prussic acid, on treatment 
with chlorine, yields CgH^Cl CO Cl, while oil of 
bitter almonds yields, by similar treatment, 
C,H. CH(OH) CO N CH C,H, (Fileti, O 9, 4461 
Prussic acid may be removed by shaking with 
FeSO^ and lime or potash, or by digesting with 
HgO and water The aldehyde is then purified 
by means of NaHSO, as described under 1 

Properties — Colourless oil It is not pm- 
BonouB It oxidises rapidly m the air, but the 
addition of a little prussic acid hinders the oxida- 
tion (Dusart, Bl 8, 469) It does not reduce 
Fehlmg’s solution 

Reactions — 1 Oxidised to benzoic acid by 
air or other oxidising agents Cone HNO,, 
however, forms m- (and a little o ) mtro benzal- 
dehyde— 2 Aqueous or alcoholic potash gives 
benzyl alcohol and potassium benzoate — 8 Led 
over red hot pumice it is spht up into CO and 
benzene (Barreswil a Boudault, A 52, 860) •— 
4 PCI, forms benzyhdene chloride (Cahours, A, 
70, 89) OOCl, acts similarly (Kempf, J pr [2^ 
1, 412) —6 Chlorine forms benzoyl cnlonda 
and a compound of that body with benzoic alde- 
hyde, C,H,CHCl(OBz) (Laurent a. Gerhardt, / 
1860, 489) Bformne acts similarly, forming 
C,H,CHBr(OBz) [70°] (Lielug a Wdhler, A 8, 
266, Claieen, B 14, 2476) -6 Sucemyl 
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T%d» produces succinic acid and benzylidene 
ohlonde (Kenibold, A 138, 189) — 7 SodiufH 
amalgatn reduces it, in presence of water, to 
benzyl alcohol, hydrobenzoin, and isohydroben- 
«oln — 8 Potassium cyanide produces benzoin 
9 Aqueous HI (S G 2 0) at 280° reduces it to 
toluene (Berthelot, J 1867, 846) — 10 H^S 
forms thiobenzaldehyde —11 Aqueous NH, 
forms hydrobenzamide {CjHjCH) 3 N 2 — 12 
Ammonium sulphide forms thiobenzaldine 
C (HipNSi — 13 NHj and sulphide of carbon form 
CSS N(Cn C„H,) 2 .— 14 With acetic anhy 
dride and sodium acetate^ on heating, it forms 
sodium cmnamate {v Perkik’s Synthesis, p 
108) The reaction probably takes place m two 
stages CflH.CHO + CH, CO Na = 

C^H^ CH(OH) CHj CO Na- 
HjO + C^Hj CH CH COjNa —Id With Ac^O and 
sc^ium succinate it gives the lactone of 
CO,H CH^ CH(C0;H) CH(OH) C«H, — 16 With 
sodium isobutyrate and isohutyric anhydride it 
forms C^Hj CH(OH) CMe^ CO,H, v Oxy phenyl 
VALERIC ACID (Fittig, A 216, 119) — 17 With 
Acp and sodic butyrate at 100° it gives only 
phenyl angehc acid, whereas at 180° the chief 
product IS cinnamic acid (Slocum, A 227, 
63) — 18 The reaction PhCHO + CH^XY = 
HjO + Ph CH CXY takes place under influence 
of dry HCl or aqueous or alcoholic KOH on 
condition that X or Y is of the form CO Z, e g 
benzoic aldehyde acting on acetone, mesityl 
oxide, acetophenone, pyruvic acid, malonio ether, 
and aceto acetic ether Perkin s reaction is of 
a similar nature Occasionally intermediate 
compounds of the form Ph CH(OH) CHXY are 
formed (Claisen, A 218, 121) — 19 Sodium 
malonate and kc^O react in the cold, giving oil 
COo and forming cinnamic acid, as follows 
Ph CHO + CHjCCO^H). = PhCH C{CO^H)2 + H^O 
-PhCH CHCO^H + COj + H^O (Stuart, C J 43, 
404) — 20 Sodium isosuccinate and Ac^O act 
Bumlarly, forming phenyl iso crotonic acid 
Ph CHO + CHMe(CO,H)2 - 
Ph CH CMe CO^H + CO^ + H^O 
91 Acetyl chloride and zinc dust form diacetyl 
hydrobenzoin , while benzoyl chloride and zinc 
dust form di linzoyl hydrobenzoin (Paal, B 16, 
1818 , 16, 636 , 17, 909) —22 Beacts with 
nitro paraffins thus Ph CHO 4- H2C(N02) CHj =» 
HjO + PhCH C(N02jCH, (Priebs, A 225, 319) — 
23 A solution of aniline in cone HCl pps 
yellow crystals of a molecular compound They 
are only stable in presence of cone HCl (Elbers, 
A 227, 357) If SnCl^ be also present a com 
pound (NPhH2HCl)2 (C,H,0), SnCh is formed 
(E ) — 24 Aniline forms benzylidene anihne, 
OH N C^H* , 0 toluidine acts similarly 
When heated m presence of HCl or ZnClj 
amlme forms di amido tri phenyl methane 
Dimethylaniline in presence of ZnClj gives 
C,Hj0H(0,H,NMe2)2 (Fischer, B 10, 1623) , di- 
methyl m- (but not o or p ) toluidine behaves 
Binularly (Fischer, B 13, 807) — 25 Ethylene 
diamine forms (0«Hj CH [64°] (Mason, 

B 20, 267) — 26 {B)-Naphthylamine forms ben 
iyhdene-(/B) naphthylamme and then phenyl- 

naphthacndine dihydnde PhCH<^|^^NH 

(Claisen, A 237, 261) — 27 Besorcin in pre 
•enoe of HGl form$ a resin (Bapyer, 

B 5| 25), Phenol t pyrocaiechin^ phlorogUe^ 


and orcln aot similarly (Michael a Bydbt, 
B 19, 1888, Am 9, 180) —28 [B)-Naphthol 
left to stand for several days in the cold 
with an acetic acid solution of benzalde- 
hyde treated with a few drops of HCl forms 
di {&) naphthyl benzaldehydate (di naph- 
thyl ortho benzoic aldehyde) C„H^(^(OC,oH,)| 
[205°] It IS a crystalline pp , si sol all ordinary 
solvents , msol aqueous alkalis By warming 
with acetic acid and a few drops of HCl it is 
converted into the isomeric di oxy di naphthyl 
phenyl methane OgH(j CH(C,(,H^ CH)3 which at 
the same time loses HjO, giving the compound 

C,H3CH<^“>^*>0 (Claisen, B 19, 3317) — 

29 Acetone in presence of aqueous NaOH pro- 
duces C«H.^ CH CH CO CH, and the compound 
C^Ha CH CH CO CH CH C^H, In general com 
pounds containing the group CH^ CO react with 
benzoic aldehyde, exchanging the Hj for CHPh 
(Claisen, B 14, 349, 2468, v Benzylidkne- 
acetone) — 30 Prussic acid forms mandelo 
nitrile or the cyanhydrm of benzoic aldehyde, 
CgH CH(OH) CN (v Mandelic acid) This is 
converted by alcohol and HCl into mandelic 
imido ether, CA CH{OH) C(NH) OEt (Volckel, 
A 52, 361 , Tiemann, B 14, 1967) Beuzoio 
aldehyde (4 vols ) mixed with nearly anhydrous 
prussic acid (1 vol ) and shaken with alcoholic 
KOH forms benzimide CjsHjgNjO^, [167*’], a 
flocculent substance, insol water, alkalis, and 
acids (Laurent, A Ch [2J 69, 397 , 66, 193 , 
Zimn,X 84,188,15 2, 552 , Gregory, ^ 54,372) 
81 Hydrogen iodide forms a pungent compound 
CjjHisI^O [28°] insol water (Geuther a Cartmell, 
A 112, 20) —32 SOj forms a disulphonio acid 
CgH,(S03H)3 CHO (Engelhard!, J 1864, 850) — 
33 By treatment with a methyl alcoholic 
solution of sodium methylate a white solid 
compound C«H, C(OMe)(OC,H,)(ONa) is 
formed The same body is formed by the 
action of sodium methylate on benzyl benzoate 
or of sodium benzylate on methyl benzoate 
By treatment with acetic acid it is spht up into 
a mixture of benzyl benzoate, methyl benzoate, 
benzyl alcohol, and methyl alcohol — 34 If 
benzaldehyde is heated with a small quantity of 
sodium benzylate for several days at 100°, it is 
slowly polymensed to benzyl benzoate Probably 
the compound C^Hj C(0C7H7)20Na is first 
formed, and then decomposes into benzyl 
benzoate and sodium benzylate, which latter 
again reacts upon a further quantity of benzal 
dehyde, producing more of the intermediate 
compound, and so on (Claisen, B 20, 646) — 
86 By boiling with ammonium formate it yields 
tn , di , and mono benzyl amine and their 
formyl derivatives, together with other pro* 
ducts (Leuchart, B 19, 2128) — 36 Ammonium 
sulphocyanide at 140° forms benzylidene thio- 

biuret C.H.CH<JJ|-®|>NH [237»] (Brodeky, 

2lf 0^ 27) — 87 Benzene-aso benzene and ZnCL 
forms * benzyhdene benzidme ’ C3gH23Nj03(?) 

[289°] (Barzilowsky, J B 1885, 866) — 38 Acts 
upon an alcoholic solution of sodium aceto- 
acetic ether, forming CjjHjjOy [127°], sol dilute 
alkalis (Michael, J pr [2] 85, 460) — 39 Hyi 
drazme-henzoicacid, NHj NH C^H^ uO|H,iormB 
benzylidens-hydrazme-henzoio aoid C,4Ht«N|Og 
[172° unoor] (Kodei*, A 236, 171) 
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Combinahons — 1 With bisulphites 
OttHjCH(OH) SOjNa^aq Small crystals, v e 
8ol water, msol cold alcohol Decomposed by 
boiling water, boiling dilute acids, or cold 
alkalis or alkaline carbonates (Bertagnim, A 
86, 188) — C„H5CH(0H) SO^K laminee — 
CflHj CH(QH) SOgNH^aq formed by action of 
fiOj on an alcoholic solution of hydrobenzamide 
fOtto,^ 112, JOS) — {CeH,CH(OH) S03(2Ba2aq 
from the Na salt and BaClj —2 With SO2 and 
aniline (C«H,CH0)2(C,H3N)2S02 (Schiff, A 
140, 130) —p Toluidine forms, similarly, 
<C7H^O)2(CgH3N)2SOj — Amido acids shaken 
with aqueous solutions of SOj and benzoic 
aldehyde form crystalline compounds, e g (from 
glyoocoll), C„H,CH{OH) SO3 CH^ CO^H, 
and C3H, CH(OH) SO3 NH, CO^H (from 
amido benzoic acid) (Schiff, A 210, 123) — 
3 With inorganic salts C^HgO l^CaCl2(?) 
(Ekmann, A 112, 175) ^C,H,OBF, (Landolph, 
J 1878. 621) 

Oxxmv Benzaldoxim 
Phenyl hydrazide C^Hj CH N2HC„Hj 
[163°] Formed by adding a solution of phenyl 
hydrazine hydiochloride and sodium acetate to 
an aqueous solution of benzaldehyde , the white 
pp is distinctly visible with a solution of 1 pt 
of benzaldehyde in 50,000 pts of water (Fischer, 
B 17, 674) Can be crystallised from alcohol 
Insot water Acetyl derivative C,,H,,N Ac 
[120°], long needles (Schroeder, B 17, 2090) 
Benzoyl derivative CH N NBzPh 

[122°] Formed from benzaldehyde and w benzyl 
phenyl hydrazine Very thin silky needles 
V sol alcohol (Michaelis a Schmidt, B 20, 1717) 
Methyl phenyl hydrazide 
PhMeNNCHPh [102°-104 5°] — 1 Formed in 
small quantity from the methyl phenyl hydra 
side of phenyl glyoxyhc acid (q v ) at 120° 
Benzoic aldehyde and methyl aniline are also 
formed — 2 From benzoic aldehyde and methyl 
phenyl hydrazine in alcoholic solution White 
needles (Wailach, A 227, 352) 

Derivatives of Benzoic ortho aldehyde are 
described as Benzvlideke derivatives 

BENZOIC ALDEHYDE, AMMONIA-DERI- 
VATIVES OF The most important of these 
ftie hydrobenzamide, amarine, and lophine 

1 HVDROBENZAMlDECjjHisNjt e (C^Hi CH),N2 

Tmhenzylidene diamine [110°] 

Formation — By the action of ammonia 
upon benzoic aldehyde (Laurent, A Ch [2J 
62, 23, 66, 18), upon benzylidene acetate 

C,H,CH(0C,H80)2 (Wicke, A 102, 368), or 
upon benzyhdene dichloride (Engelhardt, A 
110, 78) 

Preparation — Benzoic aldehyde, which must 
be free from hydrocyanic acid, is left for some 
days in contact with strong aqueous ammonia 
The crystalline mass which separates is washed, 
burst with water and then with ether, and finally 
recrystallised from alcohol Heat accelerates the 
action, but diminishes the yield Equation 
80 A CHO + 2NH,- (CA CH),N2 -f SB.,0. 

P^roperties — Crystallises from hot alcohol m 
colourless rhombic octahedra, which are gene 
rally wedge shaped In sol water sob alcohol 
and ether Has a sweetish taste and is not 
poifionoQS. 

Reactione^X f When heated for several 
bo4?8 to 4 ip converted into the iso 


meric amarine (Bertagnim, A 88, 127) Bj 
destructive distillation it yields lophine Cj,H,gN^ 
(Laurent) — 2 Boihng with aqueous mtash 
converts it into amarine (Fownes, T 1846, 263), 
whilst alcoholic potash breaks it up into ben- 
zoic aldehyde and ammonia This last decom- 
position 18 also effected by prolonged boilmg 
with alcohol alone Fusion with potash pro 
duces very complex decomposition, yielding 
among other products lophine — 3 Dilute acids 
hydrolyse it readily on boiling, slowly in the 
cold, into benzoic aldehyde and ammonia The 
ease with which this hydrolysis occurs is best 
accounted for on the assumption that hydro- 
benzamide is tribenzyhdene diamine — 4 Dry 
hydrobenzamide absorbs gaseous hydrochloric 
acid During the process a non nitrogenous 
substance volatilises, and the residue, when 
treated with water, yields benzoic aldehyde and 
ammonium chloride If mstead of treating the 
residue with water it is heated, benzonitrile and 
benzyl chloride distil over, whilst a complex mix- 
ture of basic substances remams (Ekmann, A 
112, 151, Kuhn, A 122,308)— 6 It unites with 2 
mols of hydrocyanic acid to form hydrobenzamide- 
dihydrocyanide, a yellow crystalline mass melt 
ing at 66°, which, when treated with hydrochloric 
I acid, IS decomposed into benzoic aldehyde and 
' phenylamidoacetonitrile C2,H,3N2,2HCN + H^O 
I =C,H«0 + 2C,H5CH(NH2)CN, the latter com 
pound being subsequently hydrolysed to the 
corresponding acid (Plochl, j5 13,2119) Under 
other conditions the benzoic aldehyde and 
phenylamidoacetonitrile thus formed may unite 
with ehmination of water to form benzoyl azo- 
tide, C„H,2N2, thus C^H^O + C,H, CH(NH.) CN 
= C^H.jN, + H2O (Plochl, B 14, 1142) When 
an ethereal solution of hydrobenzamide is mixed 
with 1 mol of hydrocyanic acid, and gaseous 
' hydrochlonc acid is passed mto the liquid, a 
hydrochlonde of the monohydrocyanide of hydro 
benzamide, C2,H,8N2,HCN,HC1, separates On 
boiling this precipitate with concentrated hydro 
chloric acid, it is decomposed into benzoio 
aldehyde, ammonia,, and the hydrochlonde 
of an anhydride of the formula C,jH,^N,0 
C,.H,.N„HCN4-2F,0=C„F,«N,0+C,H, cho+nh,. 
The free anhydride melts at 164° and sublimes 
without decomposition , the acid Cj^HigNjO, 
melts at 120° (Plbchl, B 14, 1139) — 6 Dissolved 
in absolute alcohol and treated m the cold with 
3 p c sodium amalgam it yields benzylidene dir 
henzylimide C^Hj CH(NH CH!2 0^113)2 A stronger 
amalgam, aided by heat, converts it mtq 
benzylamme and toluene (O Fischer, J5 19,748) 

7 Hydrobenzamide is also acted upon by 
chlorine, sulphurous anhydride, sulphuretted 
hydrogen, and ethyl wdide, but the reactions 
are not of importance 

2 Amarine C^iHuN,. Isomenc with hydro- 
benzamide Probable constitution f 


C.H, C NH. 

11 >CHCgH, (E Fischer, A 211, 217, 
CgHj C NH^ 

Japp a Robinson, 0 / 41, 323) , or 
CgHg CH NH. 

j >CCgH, (Claus, B 15. 2838), 

CgHgCH-N^ 

[ 100 °] 

Formation— 1 By the action of Amiivoiii% 
upoa an alcoholic solution of benzoic 
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(Laurent C B 19, 863) -—2 By boiling hydro 
benzaxmde with aqueous potash (Fownes, T 
1846, 263) — 8 By heating hydrobenzamide to 
120°-180° (Bertagnmi, A 88, 127) —4 Together 
with lophine by distilling the double compound 
of benzoic aldehyde and ammonium hydrogen 
Bulphite with excess of slaked lime (Gossmann, 
A 93, 829) — 6 In small quantity when am 
xnoma acts upon a mixture of benzoin and 
benzoic aldehyde — C,^H ,205 + C,H^O + 2NH8«=« 
C 3 ,H,«Nj+ 3H O (Kadziszewski, B 15, 1495) 

Preparation — Hydrobenzamide is heated 
from 2 to 4 hours at 120°-130° The vitreous 
mass thus obtained is dissolved in boiling alco- 
hol, and an excess of hydrochloric acid is added 
The amarine hydrochloride, which separates m 
white crystals, is purified by recrystallising from 
boiling alcohol and is then decomposed with 
ammonia 

Properties — Deposited from alcohol m lus 
trous prisms Melts at 100° (Fownes), but by 
boihng for some time with water, is converted 
into a granular substance melting as high as 
126° This modification is reconverted into 
prismatic amarme, melting at 100°, by recrystal 
lisation from alcohol (Claus, B 18, 1678) 
Insol water, v sol alcohol and ether , the alco 
holic solution having an alkaline reaction Has 
a bitter taste, which is noticeable only after a 
time Very poisonous Combines with acids 
to form sparmgly soluble salts which have 
an intensely bitter taste — C ,H,8Nj,HCl 
Keedles, sparingly soluble m boiling water 
— (C 2 ,H, 8 N 2 ,HCl) 2 ,PtCl^ Yellow crystalline 
salt (Gdssmann) — C 2 ,H, 8 N 2 ,HI (Borodme, 
A 110, 79) — C ,H,hN ,HN0, (Fownes) 

(Cj,H, 8 N 2 ) 2 H 2 SO, + S^HjO (Groth, A 152, 122) — 
(C2,H,gN2)2,H2Cr20, Yellow precipitate, almost 
msol water 

Reactions — 1 By destructive distillation it 
yields ammonia, toluene, and lophine, CjiHjgNj 
(Fownes, r also Rad ziszewski,i? 10,70) — 2 By 
limited ocndation, as when the chromate is boiled 
with glacial acetic acid, it is converted into 
lophine CjiHigN, + 0 = CjjHigNj + H O (Fischer 
a Troschke, B 13, 707) Excess of chromic acid 
oxidises it to benzoic acid — 3 When a hot alco 
hohc solution of amarine is acidified with acetic 
acid and a hot concentrated solution of an alkaline 
nitnte is added, nitroso amanne, C 2 |H, 7 (NO)N 2 , 
eeparates, and, by recry stalhsation from alcohol, 
may be obtained in rhombic tables, which, 
when heated to 150°, decompose with formation 
of lophme (Borodme, B 8 , 934) —4 With 
mine acid m the cold, mononitro amanne^ 
C 8 ,H,,(N 02 )N 2 , is formed , hot nitnc acid con 
verts it into dinitro amarine^ C 2 ,H,g(N 02 ) 2 N 2 . 
The latter compound yields, with reducing 
agents, dtamido amarine, C 2 ,H,g(NH 2 ) 2 N 2 Salts 
of these nitro and amido bases have been pre 
pared (Claus a Witt, B 18, 1670) —5 With 
acetyl chloride an etheieal solution of amarine 
yields a product which, when treated with 
alcohol, 18 separated mto amanne hydrochlonde 
and diaoetyl amatsine, C 2 ,H,g(C 2 H 30 ) 2 N 2 [268°] 
(Bahrmann, J pr [2] 27, 296) —6 Amanne 
reacts with the halo^im compounds of the alkyls 
to iorm substitution and addition compounds 
Thus when amanne, ihethyl iodide, and ether 
are allowed to stand together m the cold, methyl 
amarine hydmodtde, (^Hj^MeN^,!!!, is formed 


Ammonia is without aotion upon this salt, bat 
alooholio potash liberates methylamarme [184°] 
When amarine is heated with methyl iodide, a 
dimethylamanne hydrxodide, 02 ,H,BMe 2 Nj,HI, is 
formed Like the monomethyl compound it is 
not decomposed by ammonia , by treatment 
with alcoholic potash, dimethylamanne [146°] 
IB obtained and this base unites with hydnodio 
acid to form a hydriodide isomeric with the 
foregoing and differing from it in being decom 
posed by ammonia even in the cold (Claus a 
Elbe, B 13, 1418) Dimethylamanne and the 
other dialkyl amarines do not combine with the 
halogen compounds of the alkyls 

Further derivatives of amarme — Ethyl 
amarine, CjiHjyEtNj [163°] (Claus a Scherbel, 
B 18, 3080) , diethylamarine, CjjHigEt^N, 

[110°-115°] (Borodme, A 110, S2) —BenzyU 
amarine, C 2 ,H,,(C 7 H 7 )N 2 [123°-124°] , dihemyU 
amarine, C 2 ,H„(C,H [139°-140°] (Claus a 

Elbs, B 13, 1418, Claus, B 16, 2330, Clausa 
Kohlstock, B 18,1849) — Ethylbenzylamarim , 
C 2 ,H„Et(C,H,)N 2 [136°] (C a K) —Hydro 
mcthylbenzylamarine,C^Jil^^yLe{CTU.^)'i^ O [208°}, 
hydrotrimethylamarine, CjjHpMejN O [158°] 
(Claus, B 16, 2326) — Other derivatives 
C 2 ,H,«N,(C H,0) OEt , C.,H,„N (CO.Et) 2 , and 
C2,H,gN2(C02Et)(C0NHEt) (Bahrmann, J pr 
[ 2 J 27, 295) — Amarine silver, C jHj^AgNj (Claus 
a Elbs, B 16, 1272) , diamanne silver n'Slrate, 
(C 2 ,H,gN 2 ) 2 ,AgNO, aq [218°] (C a K ) 

When amarine silver is mixed with one mo- 
lecular proportion of an alkyl halogen compound 
(the latter diluted with benzene) and allowed to 
stand in the cold, a double compound of amarine- 
silver with the alkyl halogen is obtained At tho 
same time a small quantity of monalkyl amanne 
18 formed from the double compound by elimina- 
tion of silver iodide In this way the following 
compounds have been prepared (Claus a fecher 
bel, jB 18,8077) amarme silver methylo iodide, 
C 2 ,H,,AgN 2 ,CH,I [173°] , amarine silver ethylo 
u^ide, C 2 ,H,,AgN 2 ,C [116°], amarine silver 
isopropylo bromide, C 2 ,H, 7 AgN 2 ,CjH Br, [140°] , 
and finally amarine silver benzylo chloride, 
C^jHjjAgNj.C^H^Cl, [250°] When amarme sil 
ver 18 treated with benzoyl chlonde it yields 
benzoyl amarine, C 2 ,H, 7 (C 7 H 50 )N 2 , [180°], which 
forms salts with acids and also unites with ben 
zoyl chloride to form benzoyl amarme benzoyl 
chloride, C 2 ,H, 7 (C,H 30 )N 2 ,C,H 30 C 1 , [312°], and 
with benzyl chloride to form benzoyl amarine 
benzylo chloride, C 2 ,H, 7 (C,H, 0 )N 2 ,C 7 H 7 C 1 [351°], 
which latter is isomeno with benzyl-amamne 
benzoyl chloride, C 2 ,H,,(C,H 7 )N„C,HjOCl, [340°- 
350°], obtained by the action of benzoyl chloride 
upon benzyl amarme The bases corresponding 
with these two chlorides are also isomeric 
Benzoyl amanne also unites with methyl iodide 
and with ethyl iodide to form additive compounds 
melting at 318° and 864° respectively (C a S ) 
CjHj C NHv 

8 Lophine CaiHjaN,- |l ^CC,H, 

CA 

Triphenylglyoxahne (Japp a Robinson, C /. 
41, 823) [276°] 

Formation — 1 By the destructive distilla- 
tion of hydrobenzamide (Laurent, A Ch 19, 
869), of amanne (Fownes, T 1846, 268), or of 
tnbenzylamine (Brunner, A 161, 186) By 
the hunted oxidation of amanne with chreume 
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(E PlBcher a Trosohke, B 18, 708) — 
S By passing ammonia into a warm alcoholic solu- 
tion of a mixture of benzil and benzoic aldehyde 

C;h'cO + ®A™0 + 2NH.- 

•b:H:C-N>‘^CA + SH.O 
(Kadziszewski, B 15, 1493, cf Japp, B 15, 
2410) —4 By heating together jp oxybenzoic 
aldehyde, benzil, and ammonia, p oxy lophine, 
C2,H,j(OH)N2, is formed {v Benzil, ammonia 
UKRivATivEs OF, p 466) , and this, by distillation 
with zinc dust, is converted into lophine (Japp 
a Robinson, C J 41, 323) — 5 By warming 
cyanphenine, 0^,11, jN„ with acetic acid and zinc 
dust, or by distilling it with potash and iron 
filings, it IS converted into lophine and ammonia 
+ 2 H 2 = + NH, (Radziszewski) 

Preparation — Hydrmienzamide is heated in 
a retort until the more volatile products of its 
decomposition — hydrogen, ammonia, and toluene 
— have been given off The residue, which can 
only be distilled at a high temperature is treated 
with ether, and then dissolved in glacial acetic 
acid From this solution water precipitates 
lophine, which is finally purified bv lecrystal 
lising it from boiling alcohol (Radziszewski, B 
10, 70) 

f^roperties — Crystallises in very slender, 
colourless silky needles ^275°] (Radziszewski) 
Distils wnthout decomposition at a high tern 
peiature The vapour density agrees with the 
formula C^jHigNj (lischer a Trosohke) Insol 
water, si sol alcohol and ether Its solution 
m alcoholic potash phosphoresces when air is 
admitted, owing to a process of oxidation, in 
which the lophine is slowly converted into ben 
zoic acid and ammonia (Radziszewski) Feebly 
basic the salts are partially decomposed by 
water, in which they are for the most pait inso 
luble, but they may be crystallised from alcohol 
Salts — (Laurent,^ Ch 19, 369 , Atkinson 
a. Gossmann, A 97, 283 Brunner, A 151, 135) 
CjiHigNjjHCl^aq obtained bv adding hydro 
chloric acid to an alcoholic solution of lophine 
According to Laurent and Brunner this salt is j 
anhydrous — C ,H,gN 2 , 2 HCl formed by the action | 
of gaseous hydrochloric acid upon lophine — 
(C 2 iH,gN 2 ,HCl) 2 ,PtCl^ rhombic plates Con- 
tains 5 H 2 O (Brunner) — — 

CjjHijNjjHNO, — With silver nitrate it gives rise 
to C 2 ,H,gN 2 ,AgNO,, 2 C 2 ,H„N 2 ,AgNO,, and 
2 C 2 ,H,gN 2 . 3 AgNO, (A a G ) 

Beactwns — 1 Oxidation with chromic acid 
in acetic acid solution converts lophine into 
a mixture of benzamide and dibenzamide 
C„H,gN, + II, 0-02 = 

C.Hg CONH 2 + (CgHg C 0 ) 2 NH 
(Fischer a. Troschke) — 2 By the action of 
bromine upon lophine hydrobromide, an 
unstable perbromide of the formula, 
CjjH.gNjBrg, HBr(?), is obtained (F a T ) — 

8 Nitnc acid yields, according to temperature 
and concentration, either dinitrolophtne^ 
C 2 ,H, 4 (N 02 )iN 2 , or trtmirolophine C,jH,j|(N 02 )sN- 
(Laurent , El^ann, A 112, 161) — 4 Heated 
with concentrated sulphuric acid to 160°-170® 
lophine 18 converted into lophine-disulphonic 
aad, C„H,4N2(S0^), (F a T)-6 With 
ethyl iodide at 100° it yields lophine hydriodide 


and diethvllophmium lodidst O^HigEtN,, Btl f 
and this latter compound, by treatment with 
moist silver oxide yields the oorrespoudmg base 
(Kuhn, A 122,826) 

IsoMERiDE OF LOPHIN15 — Accordmg to Kuhii 
(A 122, 313) an isomende of lophine, 
C 2 ,Hi 8 N 2 4aq, is obtained, together with 
ordinary lophine, by saturating hy^obenzamide 
with gaseous HCl, and heating the mixture to 
230° Needles [170°], v soL boiUng alcohoL 
Forms salts 

AzoBENzoiLrDE,C 42 H 88 N 5 (?) (LauTont, Ch [ 8 ] 
1, 306) and dibenzoylimide, C,4H„N0 (Robson, 
C J 4, 225), are also compounds wmch are 
I stated to have been obtained by the action of 
ammonia upon benzoic aldehyde They have 
been very little studied 

Benzoic aldehyde, hydeocyanio acid, and 
AMMONIA — A number of compounds are obtained 
when ammonia acts upon benzoic aldehyde 
containing hydrocyanic acid Some of these 
are, however, more readily prepared from the 
hydrocyamdes of hydrobenzamide (g- v ) and 
have therefore been described under that 
head — 1 Bcnzoylazotide, Formed 

along with other products when a mixture of 
benzoic aldehyde, hydrocyanic acid, and 
ammonia is allowed to stand for some weeks 
(Laurent, A Ch [2] 66, 180 , vide supra, 
‘ Hydrobenzamide ’) Crystalline powder, con- 
sisting of minute rhombic prisms, si sol boiling 
alcohol By destructive distillation it yields 
amarone, C,oHi,N, together with lophine and 
other products Amarone forms colourless 
needles [233°], si sol boiling alcohol (Laurent, 
Revue Scient 18, 207) — 2 Azohenzoyl, CaHjgN,, 
18 formed according to the equation 

dC^H^O + HCN + NH, - C22H,8N2 + SHjO 
(Beilstein a Reinecke, A 136, 175) White 
crystalline powder, msoL water, v sol ether 
When warmed with alcohol and hydrochloric 
acid it 18 decomposed into HCN, amanne, and 
a base of the formula Cj^HjgNg, which latter 
crv stallises in laminae, melting at 122° (Muller 
a Limpncht, A Ilk, 140) — 8 Benzhydramidc, 

\ C^J 1 , 8 N 2 ^» formed, along with the foregoing, 
from the same generatmg substances according 
to the equation 3C,H^O + HCN + NH, =* 
C 22 H, 8 N 20 + 2Hp, and differs from it by con- 
taining the elements of a molecule of water 
more Microscopic crystals SI soL alcohol, 
V sol ether (Laurent, A Ch [2] 66, 180 , 
Laurent a Gerhardt, A 76, 802) 

Benzoic aldehyde, ammonu, and sul- 
phuretted HYDROGEN — 1 Benzoic aldehyde and 
ammonium sulphide, if mixed and allowed to 
stand for some weeks, yield thio benzaldm, 

3C,H«0 + 2 H 2 S + NH, = CjjH^NS, + 8H,0 
(Laurent, A Ch [8] 1, 291 , also [8] 36, 342) 
Deposited from ether in monoclimo crystals 
[125°] When boiled with alcohol it gradually 
evolves sulphuretted hydrogen — 2 By the 
action of ammonium sulphide upon crude oil of 
bitter almonds Laurent obtamed a compound 

048H,8N,^,(?) 

Benzoic aldehyde slowly reacts in the cold 
with GS, and NH, to form a compound, 
CjjH^NjS, (Quadrat, A 71, 18) The same 
substance is formed when bensmo aldehyde 
18 mixed with ammonium thio earbamtstot 
2CjH,0 + CSg + 2NH, - CuH^N^Sg ^ (Mul- 
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der, A 168 , 238) Priamatic crystals, melting 
with decomposition at 100° Cannot be dis 
solved in alcohol or ether without deoomposi 
tion The compound may be regarded as di~ 
benzyltdene - ammonium dithio - carhamatet 
CS S N(CH F E J 

BENZOIC ALDEHYDE CARBOXYLIC ACID 
t> Aldehydo benzoic acid 

BENZOIC ALDEHYDE GREEN v Teira 
Methyl diamido triphenyl carbinol 
BENZOIC ANHYDRIDE % e 

(C«Hj CO)jO Benzoyl oxide Mol w 226 
142°] (360° iV) SG (hquid) ^ 1227 

hj' 104,815 (Stohmann, J pr [2] 86, 3) 

Formation — 1 From BzCl and NaOBz, BaO, 
HjCjO^, or KjC^O^ , or from NaOBz by the ac 
tion of PClj, POClj, or SjClj (Gerhardt, A Ch 
[3] 37, 299, Wunder, J pr 61, 498, Heintz, 
JP 92, 468 , Gal, A 128, 127 , Anschutz, h 10, 
1882) —2 From benzotrichlonde (1 pt ) and 
H2SO4 (3 pts of 95 4 pc) (Jenssen, B 12, 
1496) — 8 By the action of the dry nitrates 
(b mols ) of Pb, Ag, Hg, Cu, or Zn upon ben 
zoyl chloride (1 mol ) {q_ v) (Lachowicz, B 18, 
2990) 

Properties — Trimetric prisms, insol water, 
m sol alcohol and ether Slowly converted 
Into benzoic acid by boiling water, more rapidly 
by alkalis Hot NHjAq forms benzamide and 
ammonium benzoate Combines wi*h bromine 
(1 mol ) Gaseous HCl forms BzCl and HOBz 
Mixed Anhydrides —Mixed anhydrides of 
the form BzOE are formed by the action of 
benzoyl chloride on the alkaline salts of various 
acids, or by the action of various alkoyl chlorides 
A)n sodium benzoate They are generally decom 
posed by heat into a mixture of two anhvdndes , 
and by water, more rapidly by alkalis, into two 
^ids 

Benzo acetic anhydride Ac 03z v 
Aobto-benzoic oxide, p 17 

Benzo isovaleric anhydride 
Bz 0 CjHgO Oil (Chiozza, A 84, 108) 

Benzo-heptoic anhydride Bz 0 C7H„0 
Oil S G ^1 043(Chiozzaa*Malerba, A 91, 102) 
Benzo-pelargonie anhydride 
BzO C^„0 Oil (Chiozza, A Ch [3j 89, 209) 
Benzo myristic anhydride 
BzO Ci^H^^O [88°] 

Benzo stearic anhydride BzO 
[70°] (C a M ) 

Benzo-angelic anhydride BzO C.HjO 
(C) Oil 

Benzo cinnamic anhydride 
Bz O C.H,0 OU S G aa 1 184 
Benzo cuminic anhydride 
Bz 0 C,„H,,0 Oil S G as 1 115 

BENZOIC BROMIDE v Benzoyl bbovide 
BENZOIC CHLORIDE v Benzoyl chloride 
BENZOIC CYANIDE v Benzoyl cyamde 
BENZOlCIN V Tri benzoyl Glycerin 
BENZOIC OXIDE v Benzoic anhydride 
BENZOIC PEROXIDE v Benzoyl peroxide 
BENZOIN C,4H„0,»0«H, CH(OH) CO C^H* 
Phenyl benzoyl-carbinol [137°] First prepaied 
by Siange {R P 16, 93), and almost simulta 
neoualy by Eobiquet {A Ch [2] 21, 254), by 
AOtmg with a solution of potassium hydroxide 
or barium hydroxide upon crude oil of bitter 
almonds containing HCN 

Formation,^! By partial oxidation of 


hydro - benzoin, C A CSfOH) CH(OH) CA 
(Zinin, A 123, 128) —2 By treating benzil 
C^Hj CO CO CgHj with zinc and alcoholic 
hydrochbnc acid (Z , A 119, 177), with acetic 
acid and iron fihngs, or with KjS 

Preparation —200 g of pure benzoic alde- 
hyde are heated for a short time witlf a solution 
of 20 g of KCN in 800 g of 60 p c alcohol, and 
the liquid allowed to cool Benzoin separates 
and is removed by filtration The filtrate, on 
heating with more KCN, yields a fresh quantity 
of benzoin (Zincke, A 198, 161) Two mols of 
benzoic aldehyde unite to form 1 mol of 
benzoin 2C,H, CHO = CH(OH) CO C.H* 
The action of the KCN is not understood 

Properties —Colourless, lustrous, six sided 
prisms SI sol boiling water V sol hot al 
cohol , si sol in cold Cone HjSO^ dissolves 
it with a violet colour « 

Rdaction<i —1 Partially decomposea by dis 
tillatwn Repeated distillation breaks it up for 
the most part into 2 mols of benzoic aldehyde , 
a smaller portion yields benzil and deoxy 
benzoin 2C„H, 02 = ChH,o 02 + C„H„0 + H 0 
(Zinin, B 6, 1207) — 2 Treated in alcoholic 
solution with zinc and hydrochloric acid it is 
converted into deoxybenzoin (Zinin A 126 218), 
at the same time deoxybenzoin pinacone, 
C ftH2,(OH)2, and hydrobcnzoin are formed (^old 
enberg, A 174, 332) Sodium amalgam reduces 
it to hjdrobenzom Heating with cone hydriodic 
acid tor some hours to 130° converts it into di 
benzyl C^H,^, (Goldenberg) By distillation with 
zinc dust it yields stilbene, C^Hjo, together with 
an oily hydrocarbon isomeric with stilbene (Jena 
a Limpncht, A 155, 90) —3 Nitric acid 0x1 
dises it to benzil (Zinin) , but chromic acid, or 
potassium permanganate, converts it into benz 
aldehyde and benzoic acid (Zmeke B 4, 8 19) 
It reduces Fehhng's solution m the cold, a pro 
perty common to all compounds containing the 
group CO CH(OH) (E Fischer,^ 211, 215) — 
4 Fusion witn caustic potash converts it into 
benzoic acid with evolution of hydrogen (Liebig 
a Wdhler, A 3, 276) When distilled with soda 
lime, the benzoate which is first formed is decora 
posed by the excess of soda lime, and benzene 
IS obtained (Jena a Limpncht) The action of 
alcoholic potash when benzoin and 

alcoholic potash are heated with access of air, 
benzoic acid, a small quantity of benzilio acid 
(Cj^HjgO,), benzoin ether (C2„H220, [167°]), and 
a compound C,oH2404 (to which Limpncht a 
Schwanert gave the name ethyl dibenzoin, assign 
mg to it the formula Cj^^Hj^OJ are formed — thii 
last, however, is produced from benzil generated 
by the air oxidation of the benzoin {v Benzil) 
If the benzoin is heated with alcoholic potash m 
a sealed tube at 100° the products are benzoic 
acid, hydrobenzoin, and ethylbenzilic acid 
(C,gH,gO,) With very concentrated alcoholic 
potash at 160° benzoin yields benzoic acid, 
stilbene, a compound CjgH^^Oj and a small quan- 
tity of ethyl benzilio acid By heatmg benzoin 
with a solution of sodium ethylate in alcohol, 
ethyl benzoin^ C,4H,,02.C2H4 [95°], is fonned, 
together with the vanous products already men- 
tioned Pnsms, with a vitreous lustre, v sol 
alcohol (Jena a Limpncht, A 155, 89 , Limpncht 
a Schwanert, B 4, 886 , Japp a Owens, C J 
47, 90) -v5. Chlenne acts like nitric acid, coir- 
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^rting benzoin into benzil (Laurent, A Ch [2] 
69, 401) — 6 When heated with fuming hydro- 
chloric acid at 130° for 6 or 8 hours it yields 
lepidency C^^H^oO {q v ), benzil, and a thick 
yellow oil (Zinin, J pr 101, 160) — 7 When 
boiled with dilute sulphuric acid it parts with 
the elemeijts of water, yielding oxylepidene — 
2C,4H,20 j - + 2H2O (Limpricht a 

Sohwanert, B 4, 336) Concentrated sulphuric 
^cid converts it into benzil (Zinin) —8 Heated 
With alcoholic ammonia for some hours at 100° 
sn sealed tubes it yields benzoinam, C28H24N2O 
(silky needles, v si sol alcohol, melting with 
decomposition), benzoinidam^ CagH 3NO0 ? [199°] 
(granular crystals, si sol alcohol), and tetra 
C -N— C CaHj 

phenyl-azine, || | H [246°], to- 

C-N-C 

gether with some lophine, C^iHigNj Tetra 
phenyl azine is best prejAred by heating benzoin 
with ammonium acetate until the salt is volati 
lised, dissolving the product in the strongest 
alcoholic hydrochloric acid, and ppg with alco 
hoi V si sol alcohol, v sol alcoholic hydro 
chloric acid, v sol boiling benzene, sol with 
blood red colour in cold cone H^SO, Sublimes 
without decomposition Heating with soda 
lime converts it into tetraphenylene azine 
CjgH.eNj (Laurent, A Ch [2] 66, 181, Erd 
manft, A 135, 181 , Japp a Wilson, G J 1886, 
825 , Japp a Burton, C J 1886, 843 , 1887, 
98) — 9 Benzoin reacts with the primary 
amines of the benzenmd scries, when heated 
with them to 200°, eliminating 1 mol of water 
and generating feebly basic compounds which 
by boiling with acids are decomposed into 
their generating substances Anilbenzoin 
C,H, CH{OH) C(N C3H3) C,H, [99°], from am 
bne and benzoin, forms yellowish needles, 
V sol most organic menstrua Yields 
with nitrous acid nitroso anilbenzoin 
C,H, CH{OH) C(N C^H, NO) C«H, [140°], with 
acetic anhydride a monacetyl derivative [153°], 
and with bromine a monobromo derivative 
[168°] Sodium amalgam reduces anilbenzoin 
in alcoholic solution to hydrobenzoin anilide 
C«H, CH{OH) CH(NH CgHJC^ [119°], which 
forms with sulphuric acid a salt not decomposed 
by boiling with the dilute acid —p Tohlbenzoin 
CgH, CH(OH) C(N CgH^ CHg) C.H, [144°] re 
sembles in its properties and its behaviour 
towards reagents the aniline compound It 
yields with nitnc acid a mono nitro derivative 
[125°] and a di nitro derivative [196°] — 
]s Naphthilbenzoin [130°] also resembles 
the aniline compound (Voigt, J pr 34, 
1) —10 Benzoin reacts with hydroxylamine 
and with phenyl hydrazine — Benzoin oxim, 
CgH, CH(OH) C(N OH) CgH* [151°-162°] An 
alcoholic solution of benzoin is mixed with 
an aqueous solution of hydroxylamine and 
allowed to stand for a week Microscopic 
prisms, soluble in benzene (Wittenberg a V 
Meyer, J9 16, 504) — Benzoin phenylhydrazide, 
CH(OH) C(N ,H C„HJ C^H, [166°] Benzoin 
and phenylhydrazme, together with a little 
alcohol, are heated at 100° Needles, sol benz 
ene (Pickel, A 232, 229) — 11 By heating with 
mci-chlorxdes the hydroxylic hydrogen of benzom 
poaybe replaced by acid radicles to form ethereal 
aiUta* BenzoXn aceta^t C^4^a(CJI,0)0, [75°], 


From benzoin and acetyl chloride Monoclinio 
prisms or tables, v sol ether and alcohol 
(Zimn, A 104, 120 , Jena a Limpnoht, A 155, 
92) — Benzoin benzoate, CpH,,(C7H30)02 [125°] 
By warming benzom with benzoyl chloride 
Slender needles Sol hot alcohol ' Yields a 
mono nitro compound [137°] (Zinin) — Benzoin 
succinate, (C,^H,,02)2C4HP2 [129°] By heating 
benzoin with succmyl chloride to 100° Leaflets 
from alcohol Sol also in ether and C83 
(Lukanin,B 6,331) — 12 When benzoin is heated 
with hydrocyanic acid and alcohol to 200° the 
process of its formation is reversed and it is 
broken up into benzoic aldehyde A part of the 
benzoic aldehyde undergoes a further change, 
yielding amongst other products ethylic benzoate 
(Michael a Palmer, Am 7 192) — 13 Phenyl 
cyanate forms Ph CH{0 CONPhH) CO Ph [163°] 
(Gumpert, J pr [2] 32, 280) F R J 

BENZOIN, GUM A resin which flows from 
the bark of Styrax benzoin, a tree growing in 
Sumatra, Borneo, Java, and Siam Gum ben- 
zoin contains, besides various resms, benzoic 
acid and, frequently, cinnamic acid Siamese 
and Palembang benzoins are fieo from cinnamic 
acid Potash fusion produces benzoic, p oxy 
benzoic, and protocatechuic acids, and pyro- 
catechm Distillation with zinc dust gives 
toluene and a little o xylene, naphthalene, and 
methyl naphthalene 

References — XJnverdorben, P 8, 397 , Van 
der Vhet, A 34, 177 , Kopp, C R 19, 1269 , 
Kolbe a Lautemann, A 115, 113 , 119, 136 , 
Deville, A Ch [3] 3, 192 , Ashoff, J 1861, 400 , 
Wiesner, J 1872, 1060 , Theegarten, J 1874, 
922 , Ciamician, B 11, 274 , Saalfeld, A Ch 
[3] 16, 280 

benzoXn di p carboxylic acid 

C.eH.Ai e C,H,(CO^) CH(OH) CO 
Formed by oxidation of di p aldehydo benzoin 
with KMnO^ Short felted needles Sublim- 
able Infusible Ag^A" Dt methyl ether 
Me^A" [126°] (Oppenheimer, B 19, 1816) 

BENZOLElC ACID C^H.^Oj Hydrobenzoic 
acid Formed, together with benzyl alcohol, by 
the action of sodium amalgam on an aqueous 
solution of benzoic acid kept acid by HCl (Her 
mann, A 132, 75 , Otto, A 134, 303) Oily 
smelling of valeric acid, heavier than water, v 
sol alcohol and ether EtA' oil 

BENZOLINE A mixture of paraffins (hex 
ane, heptane, octane) boiling between 70° and 
100° obtained bj distilling petroleum or paraffin 
oil Tiie mixture is also called petroleum 
spirit or ligroin 

BENZOLON Identical with lophme (v 
Benzil) 

BENZODIMETHYLANILINE v Dimethyl- 

AMIDO BFNZOPHENONE 

mBENZO-DI METHYL -DI FUREUEANKL 

( 1 ) ( 6 ) 

(2) (6 or 4) 

[0 27°] (270° at 720 mm ) Obtamed by 

porating (j8) benzo di methyl di furfurane - di • 

carboxyUo ether 00,Et), with 

alcoholic EOH and lime, and dry distillation. 
Prisms ^ By wanning with oono a pnrf 
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blue colouration Ig produced (ELantzsoh, B 19, 
2938, 20, 18d7) 

P'Benso di methyl-di-furfarane 

[108°] Obtained bj 

heating the potassium salt of the di carboxylic 
acid with lime Large pearly tables with bluish 
fluorescence V sol alcohol, ether, etc (Nuth, 
B 20, 1337) 

Benso tri methyl tn furfurane 
C,(<^q®>Ch), [115°-120°] Needles 

Very soluble in ordinary solvents Formed by 
evaporating the tn carboxylic ether 




With alcoholic KOH and 


lime, and dry distillation (Lang, B 19, 2936) 

0 BENZO- DI METHYL - DI -FUBFUEANE 
DI CAEBOXYLIC ACID 


CeHj (<^Q CO,h) 2- Obtained by sapo 

mflcation of the ethyl ether which is formed by 
dissolving m cone H^SO^ the product of the 
action of chloracetoacetic ether (2 mols ) upon 
di sodium pyrocatechin (1 mol ) Amorphous 
solid — BaA" 2aq 

Dv ethyl ether EtjA" [155°] , short prisms 
(from alcohol), or long white needles (from 
ether) (Nuth, B 20, 1337) 

(a)-w Benzo-di -methyl -di -furfurane di-car- 
boxylio acid C.^H. A t e 

a) (5) 

(3) (4 or 6) 

above 810°] Formed by saponification of the di 
ethyl ether This ether is obtained, together 
•with a much larger quantity of the (fl) isomeride 
by the action of chloro acetacetic ether upon di 
sodium resorcin CaH^(ONa)2 in presence of 
alcohol, extracting vnth benzene, dissolving the 
undissolved portion in cone H^SO^, pouring 
into water, and extracting with ether , when the 
ethereal solution is mixed with hot alcohol and 
allowed to cool the (a) ether crystallises out, 
whilst the (fl) ether remains in solution The 
two ethers are also formed (the a in very small 
quantity) by heating oxy methyl coumarilio ether 

COjEt with chloro aceto 

( 2 ) 

acetic ether ana alcoholic NaOEt, and dissolving 
the product m H^SO, The acid is a white 
xmcrocrystalline solid Scarcely soluble in 
water, more readily in alcohol The salts of 
the heavy metals are all sparingly soluble 
Warm produces a pure blue colouration 

Due thy I ether A^Etj [186°J, needles, 
bL sol alcohol (Hantzsch, B 19, 2930) 

(fl) m Benzo di-methyl-di-furfurane-di- car- 
boxylic acid C^HjoG, 1 e 

(I) (5) 

HO,C COjH [Far 

(J) (6 or 4) 

above 810°] Formed by sapomfication of its 
di-ethyl ether Microcrystallme sohd Scarcely 
soluble in water, more easily m alcohol Gives 
sparingly soluble pps with the salts of the 
heavy metals The acid and its ether give a 
pare blue colouration with warm H, 80 «. 


Duethyl ether A^Et- [141°] . small whiM 
needles , more soluble than the (fl) isomende. 
Formed, together with a small quantity of the 
(fl) ether, by the action of chloro acetacetic ether 
upon dry di sodium resorcin, extraction with 
benzene, dissolving the residue in rone H SO4, 
pounng into water, and extracting ^'vith ether 
Also by heating oxy methyl coumanlic ether 

(4) PMa 

C„Hj(OH)<[^ Q COjEt with chloro acetacetic 
( 2 ) 

ether and alcoholic NaOEt, and dissolving the 
product in H SO^ By evaporation with alco 
holic KOH and lime and dry distillation it 
yields (;3) benzo di methyl di furfurane 

(Hantzsch, B 19,2930) 
p Benzo-di-methyl-di-furfurane di-carboxyhc 
acid COjH), Obtained by 

I saponification of its ethyl ether which is 
I formed by dissolving in cone H^fe04 the 
I product of the action of chloro acetacetic ether 
(2 mols ) upon di sodium hydroqumone (1 mol ) 
Amorphous solid (containing aq) 

Salts— Ag A" white pp — BaA" 2aq si 
sol yellowish white powder 

Ethyl ether Et A" [150°], glistening 
greenish plates, v si sol all solvents (Nut!i, B 
20,l-i34) 

Benzo- tn-methyl-tn-furfurane tri carboxylic 
add C,.H,A CO,h). 

Formed by saponification of its ethyl ether which 
is obtained by treating dry powdered tn sodium 
phloroglucol (1 mol ) with chloro acetacetic 
ether (3 mols ), dissolving the product in H SO, 
and pouring into water Gelatinous pp (contain 
mg aq) Scarcely soluble in alcohol and ether 
Its salts are mostly insoluble and gelatmoua. 
BagA^'j 7aq microcrystallme 

Ethyl ether [c 298°], small white 

glistening needles , si sol all solvents, most 
readily m chloroform (Lang, B 19, 2936) 
BENZONAPHTHONE v Naphthoquinone 
BENZONAPHTHYL THIAMIDE v Thioberu 
zoyl (a) Naphthylamine 

BENZONITEILE C,H,N i e CN Mol 
w 103 [-17°] (Hofmann) (190 6°) SG a 

1 023 , II 1 008 (Kopp, A 98, 373) S 1 at 
100° S V 123 7 (Bamsay) 

Formation — 1 By the dry distillation of 
ammonium benzoate (Fehling, A 49, 91) —2 
from benzamide by heating it alone or with 
CaO (Anschutz a Schultz, A 196, 48), BaO 
(Wdhler, A 192, 862), P 0, (Hofmann a Buck 
ton, A 100, 166), PCI, (Hencke, A 106, 276), or 
PjSj (Henry, B 2, 807) —3 By heating hip 
punc acid alone (Limpncht a Uslar, A 88, 
133), or with ZnClj (GOssmann, A 100, 74) —4 
By the action of BzCl or BZjO on benzamide — 
6 By the action of BzCl on oxamide, on potas 
Slum Bulphocyanide (Limpncht, A 99, 117), or 
on potassium cyanate (Schiff, A 101, 98) — 6 By 
heating BzjO with potassium cyanate or Bulpho- 
oyanide — 7 By the action of HgO on thiobenz- 
amide —8 By heating benzoic acid with sul- 
phooyamde of lead (Krtiss, B 17, 1767), or of 
potassium (Letts, B 6, 678) — 9 From potas- 
sium benzoate and cyanogen bromide (Oahoursr 
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Ch, [8] 62, 200) — 10 By distilling a mixture 
of aniline and oxalic acid (Hofmann, 0 B 64, 
88 y) — 11 Formed by distillmg formambde over 
Eino dust , the yield is nearly 20 p o of the 
formanilide (G-asiorowski a Merz, B 17, 73, B 
18, 1001) — 12 Formed together with sodium 
formate, by the action of dilute NaOH upon 
aniline di ^loro acetate (^Cech a Schwebel, C G 
1877, 134) — 13 Formed by running an aqueous 
solution of diazoben/ene chloride into a hot so 
lutidh of Cu 2(CN)^ (Sandmeyer, jB 17, 2653) — 
14 By heating tri pnenyl phosphate with potas- 
sium cyanide or ferrocyanide , the yield is 26 
c of the theoretical (Scrugham, A 92, 318 , 
eim, B 16, 1771) — 15 By heating potassium 
benzene sulphonate with KCN (Merz, Z 18G8, 
83) — 16 From K^FeCy^ and chloro or bromo 
benzene at 400° (Merz a Weith, B 8, 918 , 10, 
749) - 17 From lodo benzene and AgCy (Merz 
a Schelnberger, B 8, 1630) — 18 Together with 
terephthalonitrile, by passing a mixture of 
benzene and cyanogen through a red hot tube 
(M a S ) — 19 By passing dimethylamlme 
through a red hot tube (Nietzki, B 10, 474) — 
20 By the action of CvCl on benzene in pre 
sence of aluminium chloride (Friedel a Crafts, 
Bl [2] 29, 2) — 21 From bromo benzene, Cy^Clj, 
and Na (Klason, J pr [2] 35, 83) — 22 By boiling 
phenyl thiocarbimide with finely divided Cu — 
23 l^om phenyl carbamme by intramolecular 
change at 240° (Weith, B 6, 213) — 24 Bv the 
action of acetic anhydride on benzaldoxim 
(Lach, B 17, 1571) 

Properties — Colourless oil, smelling of al 
monds , sinks in cold, but swims in hot water , 
miscible with alcohol and ether 

Reactions — 1 Cold aqueous potash has no 
action, but on boiling it forms NHg and KOBz , 
dilute acids act similarly — 2 Heating with 
potassium gives KCy, cyaphenine, (C«H4)3Cyj, 
and other bodies (Bingley, Chem Gaz 1854, 
829 , Hofmann, B 1, 198) When the boiling 
alcoholic solution is treated with sodium^ the 
greater part is saponified whilst a smaller 
portion undergoes reduction to benzylamine 
and to benzene (Bamberger a Lodter, B 20, 
1709) — 3 H S or amrnoiium sulphide forms 
thiobenzamide — 4 Zn and HCl in alcoholic 
solution form mono , di , and tn benzylamine 
(Mendius, A 121, 129, Spica, O 10, 515) —5 
Fuming HoSO^ forms, on heating, benzene sul- 
phonic acid , at 20° it forms cyaphenine Ben 
zonitrile (lOg ) cooled with ice and treated with 
fuming H^feO^ (7 g ) added slowly, forms di- 
benzamide NHBzj [148°], and ‘benzimido benz 
amide’ NHBz C(NH) C^H^ [106°], called by 
Pinner a Klein ‘ benzimido benzoate ’ and 
* dibenzimido oxide,’ respectively Dilute HCl 
converts the former into the latter (F Gumpert, 
J pr [2] 30, 87 , Pinner, ibid , 125) —6 Boiled 
with zinc ethyl it gives off ethane (1 vol ) and 
an olefine (1 vol ) and forms a product, whence, 
by treatment first with alcohol, and then with 
aqueous HCl, c\ aphenine (g v ) and the hydro- 
chloride of a base which crystallises in six 
fided plates, Oi^j^NjCl, is formed This body 
[267°] 18 readily soluble in alcohol, but sparingly 
so in water Potash liberates the base as a 
colourless oil (Frankland a Evans, C J 87, 
666) — 7 By e:i^austive ohlormation with SbClj 
U yields penta obloro (grano benzene C«C1«(CN) 


(Merz a. Weith, S 16, 2886) —8 With methyUd 
and H28O4 it gives the benzoyl derivative of 
methylene diamine (q v ) — 9 With diphenyl- 
amine hydrochloride at 180° it forms di phenyl- 
benzamidine, but at 240° it forms a Base 
C„H„N, [183°], thus C4H,C(NH)N(C,H,)2- 
NH, + CipHjjN Properties —Thick prisms (from 
benzene), containing benzene of crystallisation , 
yellow tablets (occasionally from benzene) , long 
thin prisms (from alcohol) The tablets are 
monoclimc, abo=» 6875 1 6014, L = 61°23' 
(Bodewig) Soluble in benzene and ether, 
slightly in alcohol Its alcoholic solution is 
neutral Acetyl chloride does not act on it 
Salts B'HCl Narrow red prisms [Above 
220° ]— (B'HCl),PtCl4 

Combinations — 1 With metallic chlo- 
rides — (CH,N)2AuCl3 — (C,HjN)2PtCl4 — 
(C,H,N)2SnCl4 — (C,H,N),TiCl4 (Henke, A 106, 
284) — 2 With halogens C^Hj CBr NBr — 
(C«H,CN)2Br2 needles (Engler, A 133, 137) — 
3 With hydrogen chloride C^HjN 2H01 
(Pinner a Klein, B 10, 1891 , cf Gerhaidt, 
TraiU, 4, 762) — 4 With hydrogen bro 
mide C,H3N2HBr [70°] (Engler, A 149, 
307) — 6 With alcohols — Benzimido- 
ethyl ether, C^H, C(OEt) NH The hydro- 
chloride, B'HCl, IS formed by passing dry HCl 
gas into a mixture of ethyl alcohol and benzo- 
nitrile, 'diluted with ether Large glistening 
prisms , decomposes on heating to about 120° 
into ethyl chloride and benzamide (Pinner, B 
16, 1654) Benzimido - isobutyl ether 
C,H, C(0C4H3) NH The hydrochlonde B' 2HC1 
is formed by passing HCl into a cooled mixture 
of benzonitnie and isobutyl alcohol (Pinner a 
Klein, B 10, 1890) , it gradually loses HCl be- 
coming B'HCl, [135°] — B'jHjPtCla — B'HjSO^ 
— 6 With acids — Benzimido acetate 
C„H,C(OAc)NH [116°] From benzimido- 
isobutyl ether and Ac^O (Pinner a Klein, B 11, 
9) —7 With mercaptans — Benzimido 
ethyl thio- ether C^Hj C(SEt) NH From 
benzonitnie, mercaptan, and HCl, or from thio- 
benzamide and EtI .(Bernthsen, A 197, 348) 
Oil , decomposes readily into mercaptan and 
benzonitnie — B'HCl [188°] — B'^H^PtCl,— 
B'HI [142°] Benzimido isoamyl thio- 
ether C,H C(SC,H„) NH The hydrochlonde, 
B'HCl, IS formed by passing HCl into a mixture 
of benzonitnie and isoamyl mercaptan (Pinner 
a Klein, B IJ, 1825) The free base is an 
oil Benzimido - benzyl thio ether 
C.H, C(SC H,) NH Prepared like the ethyl 
ether— B'HCl [181°] 

Derivatives of Benzonitnie are desenbed as 

BbOMO , NiTRO &C BENZONITRIIiB 

BENZO-PHENOL v Oxv benzophenons 

BENZOPHENONE C^H.^O t e C^H, CO CaH, 
Di-phenyUketane Mol w 182 [48°] (806° 1 V ) 

Formation — By the dry distillation of cal- 
cium benzoate (Peligot, A 12,41, Chancel, A 72, 
279) — 2 From BzCl and HgPh, (Otto, B 8, 
197) —3 From BzCl and benzene m presence 
of AljCla — 4 From benzoic acid, benzene, and 
P3O5 at 190° (KoUants a Merz, B 6, 446, 538), 
6 From benzene, COClj, and AljCl, (Fnedel, 
Crafts, a Ador, G R 86, 678) —6 By ozidatioo 
of di phenyl methane (Zmeke, A 169, 877), 
Preparation —From BzCl» OaHa, 1^ 
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the yield is 7(Xp 0 of the calculated (Elbe, J pr 
[2] »5, 466) 

Properties — Prisms , insol water, v sol 
alcohol and ether 

Reactions — 1 Reduced by HI to di phenyl 
methane (Graebe, B 7, 1624) —2 Reduced by 
nine diist to di phenyl methane, tetra phenyl 
ethylene, and tetra phenyl ethane (Staedel, A 
194, 307) —3 Potash fusion gives benzoic acid 
and benzene — 4 Reduced to di phenyl carbinol 
b> sodium amalgam or by heating with alcoholic 
potash — 6 Ammonia has no action —6 Zn 
and alcoholic H2SO4 reduce it to benzpmacone 
and (a) and (jS) benzpmacolm (Zincke a 
Thorner, 11, 1396) —7 AcCl m presence of 
zinc dust acts on an ethereal solution forming 
crystalline (a) and {&) benzpmacolm — 8 PCl^ 
forms di chloro di phenyl methane — 9 Passage 
through a red hot tube slightly decomposes it , 
the product contains benzene, di phenyl, and 
P di phenyl benzene, while gaseous caibonic 
oxide, hydrogen, and acetylene escape (Barbier 
a Roux, C R 102, 1559) —10 When heated 
with ammonium foimate at 200°-220^ it yields 
the formyl derivative of di phenyl carbm^l 
amine (CrtHj)2CH NH CHO (Leuchart a Bach, B 
19, 2129) — 11 at 100° forms 

[153°], crystallising in lustrous flat monoclmic 
needles At 200° it turns deep blue (Japp a 
Rasohen, C J 49, 481) —12 P^S^ at 140° forms 
C^gHjoPaSj [227°], crystallising m minute plates, 
insol alcohol, si sol hot benzene On melting 
it turns deep blue It is oxidised by CrO, m 
HOAo to benzophenone (J a R ) 

Oxtm (CeH3)2C NOH Di phenyl hctoxim 
[140°] Prepared by boiling an alcoholic solu 
tion of benzophenone (30g ) with hydioxylamme 
hydrochloride (28g ) and a little HCl for a day 
(Beckmann, B 19, 988 , Janny, B 16, 2782) 
bilky needles, v sol ether and acetone, m sol 
benzene and ligrom, v si sol cold water Sol 
acids and alkalis Resolved by acids into its con 
Btituents By PCI3 or POCl, it is converted into 
chloro benzylidene aniline, N CCl C^H^, 

produced by mtramolecular change from 
(C«H,)2C NCI (B ) By Vanning with cone 
H2SO4 to 100° it 18 converted by similar isomeno 
change into benzanihde (Beckmann, B 20, 1607) 
Salts — C,,H,oN(ONa) crystalline powder — 
C,^,oN(OH),HCl white powder 

Methyl oxim CjsH,oN(OMe) (92°J , 
yellow crystals 

Ethyl-oxim C„H,oN(OEt) (276°-279°) , 
flmd 

Benzyl-oxtm C„HioN(OC,H,) [66°] , 
white crystals 

Acetyl oxim Cj8H,oN(OAc) [55°] , white 
crystals (Spiegler, B 17, 810, M 5, 203) 

Phenyl hy dr azide Ph2C N2HPh [137°] 
Got by boilmg benzophenone with phenyl hydra 
zine and alcohol , or by heatmg the oxim with 
phenyl hydrazme, N, and NH, being evolved 
Needles (from alcohol) Insoluble in water, not 
very soluble m alcohol Heated for some time 
with dilute (20 p c ) HCl, it is resolved mto 
benzophenone and phenyl hydrazine (Pickel, A 
232,228. Fischer, B 17,676, Just.B 19,1206) 

Isomeride of l^nzophenone [ 26 °] ( 306 °) 

Sometimes formed m oxidising di phenyl me 
thane or in distilling calcium acetate with 


calcium benzoate (Zincke, A 159, 367) Readily 
changes into ordinary benzophenone 

Derivatives of benzophenone are described as 
Amido , Bbomo , Chloro , Ctano , Nitbo , Oxv , 
(Sre , Benzophenone, and as Di phentlbnk ketone 
oxide 

BENZOPHENONE-CARBOXYLK; acid V 

Benzoyl benzoic acid 

BENZOPHEMONE-DI p CARBOXYLIC ACID 

[4 1] C,HfCO,H) CO C,HfCO,H) [1 4] Formed 
by boiling di p cyano benzophenone with alco 
holio KOH (Bromme, B 20, 522) Also b> the 
oxidation of di tolyl methane, or di methyl 
benzophenone, with chiomic mixture (Weiler, 
B 7, 1185 , Ador a Crafts, B 10, 2173) Mi 
croscopic needles Sublimes at a high temper 
ature without melting SI sol alcohol, benzene, 
and ether S (hot water) = 002 The NH* 
salt gives pps with salts of Fe, Co, Cu, Ba, and 
Ca, but not with salts 6f Pb, Cr, Zn, Mg, and Ni 
Silver salt A"Ag^, AgjO insol water 
Di mvthyl ether A"Me2 [138°], large 
needles (B ) — Ag^A' (A a C ) 

Benzophenone dicarbozyho acid 
C„H, CO C,H3(C02H)2 

Benzoyl isophthalic acid [280°] From 
benzyl isoxylene and chromic mixture (Zincke, 
B 9, 1762) SI sol hot water and CHCl, v 
sol alcohol Converted by Zn and HCl into 
the lactone of C.H, C(OH)H C«H,(C02H), — 
Salts CaA'aq — BaA'aq — Ag A ' 

Methyl ether Me Ji.' [118°] 

Ethyl ether [95°] 

Benzophenone dicarbozylic acid 
C,H, CO C„H,(C02H)2 [1 2 6] 

Benzoyl tcrephthalic acid [290°] (W ) , 
[285°] (E ) 

Formation — 1 By oxidising benzyl cymene 
with chromic mixture (Weber, J 1878, 402) — 
2 From benzoyl p xylene and HNO, (SOI 16) 
at 170° (Elba, J pr [2] 85, 479) —3 From 
phenyl p cymyl ketone and dilute HNO, 

Properties — V si sol water, v sol alcohoL 
Reduced by Zn and HCl to 

CjH, CH(OH) C,H,(C02H)2.— CaA" aq — 
BaA'" 6aq — A g^A" 

Methyl ether Me^K!' [101°] needle* 
Ethyl ether Ft [101°] prisms 
Benzophenone tetra oarbozylio acid 
CO CaH(C02H)4 From benzoyl iso durene 
and KMnO* (Essner a Gossin, Bl [2] 42, 170) 
BENZOPHENONE CHLORIDE is exoDu 

CHLORO DI PHENYL METHANE {q V ) 

BENZOPHENONE OXIDE v Di phenylfnk. 

KETONE OXIDE 

BENZOPHENONE STTLEHONE C„H,SO,te. 

S02<^^'‘g*>CO [187°] From benzophenone 

and fuming HjSO* (Beckmann, B 6, 1112 , 8, 
992) V sol ether, sol alkalis , converted by 
water at 190° mto an isomeride (?) [175°] 
BENZOPHENONE DRSULPHONIC ACID 
C„Hg(SO,H)jO From benzophenone and fum- 
ing H^SO* by warming (Staedel, A 194, 814). 
Converted by potash fusion mto phenol and p- 
oxy benzoic acid — BaA" 

Chloride C0(C^480a0l)^ [122°] (Beck- 
mann, B 8, 992) 

BENZOFHENYL- v Bsnzotl phsmtit. 
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BSirZOFHOSPHUaO acid is Gabboxy I 

InCMZBME PHOSPHOKIO ACID (g V ) 

BSNZOPINACOLIN is Benzpinaoolik {q v) 
BEHZOPINACOKE IS Benzpinaoonb {q v ) 
BEHZOQUIKOL is Htdboquinonje (q v) 
BENZOQUIIir ONE is Quinone {q v) 
BENZOJ^SOECIN v Dioxtbenzophenonb 
DI BENEO-EESOECIN v DiorypHENTX.ENE- 

DZ PHENYL DI KETONE 

JBENZ08TILBIEE is lophine {v p 474) 
BEEZO'SDCCINIC ACID v Benzoyl succinic 

ACID 

BENZOTHIAMIDE v Thio bbnzamide 
BEKZO TOLUIDINE v Phenyl amido toltl 

KETONE 

BENZTEOPElME V Benzoyl-tropeine 
BENZOXAMIDINE v BENZAmDoxiM 
BENZ-OXIMIDO>AMID£ v Benzamidoxim 
BENZ-OXIMIDO-ETHYL-ETHEE 

C,H„N02ie CgHa C(0:^) NOH Formed by 
the action of hydroxylamine hydrochloride on 
benz imido ether {v Benzonitrllb), (Pinner, B 
17, 184) Colourless fluid Decomposes on 
distillation 

BENZOXY- V Benzoyl Oxt 

BENZOXY PEOPIO-CARBOXYLIC ACID v 

Carboxy benzoyl propionic acid 

BENZOYL The radicle ChHj CO* Benzoyi 
derivatives obtained by displacement of H in 
amidggen, imidogen, or hydroxyl, are desciibed 
under the compounds from which they are thus 
derived 

Di benzoyl is called Benzil {q v) 

BENZOYL- ACET- CARBOXYLIC ACID t) 
Acetophenone di carboxylic acid 
BENZOYL-ACETIC ACID le 

CjHj CO CHj COjH AcetophenoTie « carboxylic 
acid [104°] 

Formation — 1 From the ether by leavmg 
It 24 hours with cold dilute KOH (3 per cent )-, 
cooling to 0° and then adding dilute H2SO4 
The acid is then ppd as white flakes (Baeyer a 
Perkin, J5 15, 2705, 1C, 2128, W H Perkin, 
]un , C J 45, 176) —2 From phenyl propiolic 
acid and cone H^bO^, the solution being poured 
upon ice —3 From the ether by allowmg it to 
stand for 14 days with 20 vols of cone H 
and then pouring upon ice (Perkm, 0/ 47, 240) 
Propertus — Mmute needles, which polarise 
light (from benzene at 70° containing a little 
light petroleum) At 104° it melts, and gives 
off CO2 SI sol light petroleum, v sol alco- 
hol, ether, hot benzene, and hot water Fe Clj 
colours its alcoholic or aqueous solutions reddish 
violet 

Reaction — 1 Heated alone or with dilute 
H2SO4 it gives acetophenone and COg — 2 The 
ammonium salt gives with AgNOg a pp of AgA', 
with FcjClg a blackish violet pp , with FeS04 
no pp , with CUSO4, a greenish yellow pp 

Methyl ether MeA' An oil prepared by 
the action of cono H2SO4 on methyl phenyl 
propiolate (W H Perkin, jun , a Caiman, C J 
49, 164) Fe^Clg gives a violet colour in alco 
hohe solution Sodium ethylate gives a white 
amorphous salt, OgHs CO CHNa COjMe This 
salt IS V sol water and hot alcohol 

Ethyl ether A'Et (266°-270°) at 760 
mm , (2d0°-285°) at 200 mm 

Formation — I From phenyl propioho ether 
(100 g ) and H^SO, (3000 g ) at 0° After three 
VoL 1, 


hours the product is poured upon powdered loe, 
and the new body extracted with ether — 2 By 
heating diazo acetic ether with benzoic aide 
hyde (Buchner a Curtius, B 18, 2871) — 8 By 
heating EtONa (140“ g ) with benzoic ether 
(300 g) at 100°, m«ing the product with acetic 
ether (860 g ) and heating for 16 hours at 100° 
(Claisen a Lowman, B 20, 661). — 4 By the 
action of celd cone H2SO4 upon (a) bromo 
cinnamic ether (Michael a Browne, B 19, 1392) 
Properties — Colourless oil Partly decom 
posed when distilled SI sol water, sol alcohol 
and ether 

Reactions — 1 The aleoholio solution gives 
with re2Cln a violet colour — 2 Boiled with water, 
or dilute H^SO,, it gives acetophenone, alcohol, 
and CO2 — 3 Boiling for 8 minutes produces 
dohydro benzoyl acetic acid {q v) Boiling for 
80 mmutes forms two isomerides (CgHaOg)^ 
One of these (n = 8 ?) crystallises in plates, 
[275°], m sol hot alcohol, v si sol benzene , 
sol alcoholic NaOH but ppd by CO^ The 
second (n = 4 ?) is an acid, not being ppd by 
CO 2 from its solution m alcoholic NaOH, cone 
H SO4 forms a yellow solution, turning violet 
when warmed (Perkin, jun , C tT 47, 262) — 4 
NaNO and HjbO^ added to the soaimn denva 
tive produce an oxim of benzoyl glvoxylic ether, 
Ph CO C(NOH) CO Et [121°], whence alkalis 
produce a substance CpH^O^ [126°] 

Metallic derivatives — BzCHNaCOjEt 
Got by adding NaOEt to alcoholic solution of 
the ether Silky needles, turns brown m air, 
jnsol ether — (CnH,,08)2Ba — C,,H,,Ag03 — 
(C,,H„Og)2Cu pale green, soluble m aqueous 
NaOH On boiling CujO is ppd 

Nitrile V Benzoyl acetonitrilb 
Benzylidene-benzoyl-acetio ether 
CgHg CH CBz COjEt [99°] From benzoyl- 
acetio ether and benzoic aldehyde, either by 
passing HCl at 0° mto the mixture, or by heat 
mg m a sealed tube (Perkin, jun , C J" 47, 240) 
Monoclmic prisms a 6 c = 1 2730 1 7460 , 
/8 = 86° 36' Sol hot methyl akohol Cone 
H SO4 forms a yellow solution^ which becomes 
colourless on heating* 

Benzylidene di-benzoyl di-aoetio acid 
(CO2H CHBz)2CHPh [130°] The ethers of 
this acid are formed by dropping diazo acetic 
ethers (2 mols ) into benzoic aldehyde (3 mols ) 
at 170° (Buchner a Curtius, B 18, 2374) They 
dissolve in cone H3SO4 forming rose coloured 
solutions, which turn brown on warming Tha 
acid and its ethers give off a smell of hyacinths 
when burnt 

Methyl ether [113°] pnsma 
Ethyl ether [103°] tables, NaOEt 

added to its ethereal solution gives 

(CO^t CNaBz)2CHPh 

Di-benzoyl-acetic acid CHBzj COjH [109°] 
Formed by the action of BzCl on sodium 
benzoyl acetic ether, and saponification of tha 
product with KOH (Baeyer a Perkin, jun , B 
16, 2133 , C J ^1, 240) Slender felted needles, 
si sol cold alcohol and water, v sol ether , sol 
aqueous alkalis FejCl* gives a red coloura 
tion Cone H2SO4 gives no colour on warming 
Reactions — 1 Boiling water splits it up 
mto di - phenyl - methylene di - ketone, 
C0)2CH8, and COj — 2 Boiling dilute 
H4SO4 gives acetophenone, benzoic acid, and 00~ 

• T T 
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Salt— AgA'. which gives Liebermann’s reaction Thehydnv 

Ethyl ether Et A' Oil , not solid at — 10® chlonde of the base dissolved in aqueous alcohol 
Methjl-benzoyl-acetio aoid is (a)-Bjb.NZ0YL- deposits MH^Cl and benzoyl acetic ether is left 
PBOPioNio ACID {q v) in solution 

Ethyl - benzoyl - acetic acid BzCHEtCO^ Hydrochloride B'HCJl [140® corr], 

g ll®-116®] From NaOEt and EtI on alcoholic Entangled needles Insol aq and ether Strongly 
zCHjCOjEt, and saponifying the oily product irritates the mucous membranes 
by allowing it to stand for some days with alco- BEJSZOYL-ACETO-ACETIC ETHSB v p 21 

hohoKOH (Baeyer a Perkin, jun , B 16, 2130, BENZOYL - ACETO - CABBOXYLIO ACID v, 

C J 45, 180 , 47, 240) Small needles, melts Acetophenone carboxyeio acid 
about IIS'^ with slight decomposition Easily BENZOYL ACETONE C,oH,(,02 %e 
soluble in alcohol, ether, and benzene Boiled CgH, CO CH^ CO CH, Phenyl methyl me- 
with dilute alcoholic KOH, it gives phenyl- thylene di ketone Acetyl acetophencme Acetyl 
propyl ketone , benzoic and butyric acids are benzoyl methane [61°] (261°) 

also formed, especially if the potash be strong Formation — By the action of dry NaOEt 

Ethyl ether EtA' (232°) at 225 mm upon a mixture of acetone and benzoic ether 
Propyl-benzoyl-aoetic ether BzCHPr CO^Et (Claisen, B 20, 655) 

(239 ) at 225 mm Prepaied like the preceding Preparation —1 Benzoyl aceto acetic ether, 
Alkalis from phenyl butyl ketone PClj forms formed by the action of benzoyl chloride upon 
/8 chloro o propyl cinnamic ether sodio aceto acetic ether, is boiled with water for 

Isopropyl-benzoyl-acetic ether a few hours , the yield is 25 p o — 2 Prepared 

BzCHPr CO Et (237°) at 225 mm From benz by adding acetophenone (1 mol ) to a cooled 
oyl acetic ether, Na, and PrI mixture of acetic ether (about 2 mols ) and 

Iso-butyl-benzoyl acetic ether alcohol free sodium ethylate , yield 80-90 p o 

Bz CH(CHj CHMejj) CO^Et (217°) at 225 mm of the acetophenone (Beyer a Claisen, B 20, 
Prepared like the preceding (Perkin a Caiman, 2078) 

C / 49, 1651 Copper compound formed as a 

Di-ethyl-oenzoyl-aoetic acid BzCEt^CO^H pale green pp by adding cupno acetate to the 
[128°-130°] From Bz CHEt CO Et by NaOEt alcoholic solution It is m sol alcohol and 
and EtI The diethyl benzoyl acetic ether is benzene, from which it crystallises in i>nght 
saponified by standing for weeks with dilute green needles 

alcohohc KOH (Baeyer a Perkin, jun , B 16, Amide CeH^ CO CH C(NH) CH, [143°], 
2131, C J 45, 183) Heated alone or with clear glistening trimetnc crystals, a b c 

dilute H^SO^ it gives off COj Boiling dilute - 9927 1 8820 

alcoholic KOH forms benzoic acid, diethylacetic Anilide C^Hj CO CHj C(NPh) CH, [110°], 
acid, and di-ethyl acetophenone (t; amyl phenyl plates By warming with H^SO^ (lOpts) it is 
ketone) converted into (Py 1 3) phenyl methyl qumo 

Tri-henzoyl-aoetic ether CBz, CO Et From line (Beyer, B 20, 1770) 
ethyl di benzoyl acetate, NaOEt, and BzCl (Per Properties — Crystals , distils undecom 
kin, jun , C / 47, 240) Thick yellow oil , sol posed , volatile with steam Sol hot water, 
alcoholic KOH but reppd by water Boiling alcohol, and ether Dissolves in alkabs with a 
dilute H2SO4 forms acetophenone yellow colour SI sol strong acids Fe^Cl, 

BENZOYL-ACETIC-ALDEHYDE gives a dark red colouration 

CgH, CO CHj CHO Prepared by dissolving Reactions — By warming with alkalis or by 
sodium (1 atom) in 20 or 30 times its weight of long boiling with acids it yields acetophenone 
absolute alcohol, cooling tq 0°, and adding aceto It has slightly acid characters, the H of the 
phenone (1 mol ) and formic ether (1 mol ) On central CHj group being replaceable as in 
long standing the sodium compound separates as aceto acetic ether, since it lies between two 
a granular pp , this is dissolved in water and the CO groups By heating with strong aqueous 
aldehyde ppd by acetic acid Colourless un NH, at 120° it is converted into the imide 
stable oil Cupric acetate gives a pp of bright CoH, C(NH) CH^-CO OH, 

green needles, which soon change to dark green or CgH, CO CH^-CjNH) CH, It condenses with 
prisms It reacts with pmines very readily (1 mol ) of phenyl hydrazine with elimination 
Anilide C^H, CO CH^ CH NC,H, [141°], of 2H2O, forming methyl di phenyl pyrazol 
yellow prisms or plates , sol hot alcohol (Fischer a Bulow, B 18, 2131) 

p Toluide C^H, CO CHj CH NC,H, [160°- Salts — C^H^OjNa small yellowish plates 
163°] , small yellow crystals — CjoH^OjjAg white pp , v b 1 sol water 

0) Naphthylamide (Fischer a Kuzel, B 16, 2239) 

C«H, CO CH* CH NC,„H, [182°] , small bronzy Oxim e 0^ C(N0H)CH2,C0 CH, 

crystals, si sol almost all solvents (Claisen a or CgH, CO 01^ C(NOH) CH, [66°] Formed by 
Fischer, B 20, 2191) heating benzoyl acetone with hydroxylamine 

BENZOYL ACETIHIDO ETHYLIC ETHEB hydrochloride in alcoholic solution (Ceresole, B 
C,H, CO CHj.C(NH) OEt [89° 5 corr ] 17, 812) White glistening scales Volatile 

Benzoyl acetonitrile C^H, CO CHj.CN treated with steam V sol acetone, benzene, and CS» 
with alcohohc hydrochloric acid gives nse to msol water 

C,H, CO CHj C(NHHCl)OEt and this loses HCl Di-bensoyl-acetone (C,H, CO), CH CO CH, 
when treated with ammonia giving the imido- [102°] Formed by the action of benzoyl 
ether (Haller, Bl [2] 48, 24 , 0 B 104, 1448) chlnnde upon sodio benzoyl acetone (Fischer a 
Ptoperties — Prisms or tables. V soL ether Bulow, B 18, 2183) Small needles Sol. 
Reactions - KNO, and HjSO^ give the nitroso alcohol and ether, v sL 
4«nvaU?e C^^ CO CH^ C(N NO) OEt [U7°], has no action upon it. 
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BBKZOYL-ACETOiriinDB C,,H,.NO 4$ 
C,H,0{NH) CHjCOCH, or 
CO CH, C(NH) CH, [143°] Obtained by 
heating benzoyl acetone with strong aqueous 
NH, St 120° (Fischer a Billow, B 18, 2134) 
Distils undecomposed Small plates, or large 
quadratic crystals V sol dilute acids, by 
heating wifh which it is converted back into 
benzoyl acetone and NH, 

BENZOYL ACETONITRILE C^,NO le 
C,H. 00 CHyCN 

Cyano acetophenone [81° cor ] Formed by 
the action of boiling water on benzoyl cyanacetio 
ether C.H, CO CH(CN) CO^Et (HaUer, Bl [2] 
48, 23) White needles, sol boiling water, alco 
hoi, ether, and alkalis Boiling cone KOH 
a^ts thus CaH,C0CH,CN + 2KH0 + H,0 

= NH, + C«H, CO,K + CH, CO,K In alcoholic 
solution gaseous HCl gives a body 0,,H,40 NCI 
(probably C„H, CO CH, C^HHCl)OEt[140corr ], 
whence ammonia in the cold gives the imido 
ether C.H^ CO CH, C(NH) OEt) If the action of 
the alcoholic HCl is prolonged, the products axe 
the same as with KOH 

Silver salt C„H, CO CHAg CN White pp 
Insol aq and alcohol , sol ammonia 

BENZOYLACETOPHENONE v Di pnENYU 

METHYLENE DI KETONE 

BENZOYL • ACETYL'ETHANE ff Aoexo • 
PHENgNB ACETONE, p 36 

Bi-benzoyl-di acetyl ethane 
C.H, CO CH CO CH, 

Cj,H „04 te I Dt phenyl 

C,H, CO CH CO CH, 

di methyl-acetylene tetra Ketone [176°] Formed 
by the action of an ethereal solution of iodine 
upon 2 mols of sodio benzoyl acetone (Fischer a 
Bulow, B 18, 2133) White needles Sol hot 
alcohol, si sol ether, insol water and dilute 
alkalis Decomposed by boiling with alkalis, 
BENZOYL-ACRYLIC ACID 
CACOCHCHCO,H White plates, [64°], 
from water , after fusion its melting pomt is 
altered to [97°] Long needles, [99°] from 
toluene SI sol cold water and ligrom, v sol 
other solvents Prepared by the action of 
A1 Cl, on a mixture of benzene and maleic an 
hydride By alkalis it is decomposed into 
acetophenone and glyoxylio acid On heating 
by itself or with AcjO, it gives a red condensation 
product (Peohmann, B 16, 886) 

Bromine addition product [185°] Colour 
less crystals 

BENZOYL-ALLOPHANIC ACID v p 127 
BENZOYL ALLYL-ACETIC ACID v Allyl 
BENZOYL ACETIC ACID, p 135 

BENZOYL AMIDO v Amido 
BENZOYL AHIDO ACETIC ACID v Hip> 
PUBIC Acid 

BENZOYL - AMMELINE C,„H,N,0, 
C,H4BzN, 0 From sodium cyanamide and BzCl 
(Gerlioh, J pr [2] 13, 272) Brown resin, insol 
water and ether, sol alcohol and aqueous 
alkalis Resolved by distilhng in a current of 
hydrogen into benzonitnle, oarbomo oxide, and 
eyanamide 

BENZOYL-ANILIDE v Akiltnb. 

BENZOYL -ANILINE t; Amido bknzophb- 

VOKB 

BENZOYL ANIBIDINE v, Bm»oyl methyl 

AMlIK) PHBMOXt. 


BENZOYL AZOTIDS v p 47ff 

BENZOYL-BENZENE v Bbnzophbnons. 

Di-bencoyl-beniene v Phthalophenonb 

BENZOYL-BENZIDINE v» Bi Aaudo - di- 
phenyl 

BENZOYL-BENZOIC-ACETIC ANHYDRIDE 

C,H, CO C,H4 CO O CO CH, [112°] Prepared 
by heating o benzoyl benzoic acid with acetio 
anhydride to 100° (Freiher a Peohmann, B 
14, 1866) Large crystals Insol alkalis At 
200’ it decomposes into acetic and benzoyl- 
benzoic anhydrides 

o BENZOYL BENZOIC ACID C.^H^O, ue 

CyH, CO CgH^ COjH [1 2] Benzopheru^ car- 
boxylic acid Mol w 226 [87°] (Z ) , [94°] 

(Hemilian, B 11, 838) 

Formation — 1 By oxidation of o- benzyl- 
toluene (Zincke a Plaskuda, B 6, 907), phenyl- 
o tolyl ketone (Behr a Van Dorp, B 7, 17), 
or di benzyl benzene (Zincke, B 9, 82) with 
chromic mixture 

Preparatio7i — 150 grms of AlgCl, are slowly 
added during 3 hours to a solution of 100 grms 
of phthalic anhydride in 1000 grms of benzene 
(pure), the benzene is then poured off and can 
be used at once for a fresh operation, whilst the 
solid residue is washed with dilute HCl and 
with water, dissolved in Na^CO, and the acid 
precipitated from the solution by HCl, and 
tinally recrystallised from xylene (3 pts ) , the 
yield is GO p c of the phthalic anhydride used 
(Fnedel a Crafts, C R 86, 1368, 92, 833, 
Freiherr a Peohmann, B 13 1612) 

Properties — Tnclmic needles (containing 
aq) When dry it melts at 128° 

Reactions — 1 P^O, at 190° forms anthra- 
qumone — 2 Hot fuming sulphuric acid forms 
anthraquinone sulphonio acid (Liebermann, B 
7, 805) — 3 Sodium amalgam first reduces 
It to C,H, CH(OH) C,H4 CO,H and then to 
CflH, CH C„H^ CO^H — 4 Resorcin, pyrogallol 
&c , on heating, form phthaleins — 6 With 
phenyl hydrazine it gives a condensation pro- 
C— Ph 

duct C,H4<^N,Ph j;i82°] (Poser, B 18. 806)- 
CO 

This forms small needles, si sol alcohol, insol. 
water 

Salts — CaA'j. — BaA'2 — ZnA',2aq. — 
CuA , aq 

Methyl ether MeA' [62°] . pnsms 

Ethyl ether EtA' [68°] 

Anhydride (Bz CO)20t. [120°] (Peoh- 
mann, B 14, 1866) 

m Benzoyl-benioio acid Ph CO GgH 4 OO^H 

[1 3] [161°] 

Formation — 1 From phenyl -w-tolyl me- 
thane (10 g ), KL,Cr A (60 g ), H2SO4 (90 g ) and 
water (270 g ) by boiling for 3 days (Rotermg , 
Senff, A 220, 261) It is purified by reduction 
to Ph CH(OH) OO^Na by sodium amalgam, 
crystallising this salt from water and oxidising 
again with H2SO4 and K^Cr jO^ — 2 A quantitative 
yield IS obtamed by treating phenyl-m-tolyl 
methane at 180° with bromine vapour anfl&oieni 
to form Ph CH, CoH* CH^Br and treatmg the 
product with chromic mixture for 12 hours — 
8 From BzjO (1 mol) and BzOl (2 mols.) m 
presence of ZnOl, (Doebner, A 210, 277 , B, 14, 
648) — 4 Formed as a by product ixi ^e pr^ 
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benzoyl-benzoic acid. 
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paration of isojilithalophenoiie by the action of 
Al^Ol, on a mixture of benzene and iso phthalyl 
chloride (Ador, B 13, 321) 

Propertt^s — Jjong silky needles (from water 
or glacial acetic acid), or small plates {from 
alcohol) SI sol cold water, v sol benzene or 
toluene, v e sol alcohol or ether May be sub 
limed as plates Dissolves m cone H2SO4 giving 
no colour Potash fusion gives benzoic acid 
Eeduoed by sodium amalgam to exo-oxj benzyl 
benzoic acid (q v ) 

Salts— BaA'j 3aq white crystalline pow 
—BaA'a 4aq small plates — CaA'^ 2aq 
white crystalline powder — AgA' white leaflets 
Methyl ether MeA' [62°] 
p Benzoyl-benzoic acid CO C CO^H 
{1 4] [194°] Formed by oxidation of phenyl 

tolyl methane, phenyl p tolyl ketone, p phenyl 
enzophenone or di benzyl benzene (Zincke A 
161, 98 , B G, 907 , 9, 32 , Goldschmiedt, M 2, 
438) Monoclmic plates (from water) V si 
sol cold water, si sol hot water (difference 
from the o acid), v sol alcohol and ether, si 
sol benzene Sublimes in plates 

Salts— CaA'2 2aq neodles — BaA'^ 2aq — 
AgA' V si sol water 

Methyl ether MeA' [107°J Satiny plates 
Ethyl ether EtA' [52°] Monoclmic 
DI BENZOYL BENZOIC ACID %e 

(CflHj CO)j CgHj CO^H Two acids of this com 
position are formed, together with an acid 
C,5 H,oOs, by oxidising the hydrocarbon 
obtained as a by product in the preparation of 
benzyl toluene (Weber a Zincke, B 7, 1153) 
(o) Acid [S2°] Eesmous, and forms resi 
nous salts Potash fusion forms benzoic acid 
and a small quantity of an acid CuHioO, 

(/3) Acid [212°'* Needles insol water, v 
Bol alcohol and ether Its salts are si sol 
water Ethyl ether EtA [107°] 

DI BENZOYL BENZYLIDENE DI- ACETIC 
ACID V Benzylidene di Benzoyl di acetic acid 
BENZOYL BENZOTBICHLOKIDE v Phenyl 
TRT CHLOro TOLYL KETONE 

BENZOYL-BENZYL ANILINE v Benzyl 

ANILINB. . 

BENZOYL-BENZYL CHLOEIDE v Phenyl 

CHLOEO TOLYL KETONE 

BENZOYL- BENZYLIDENE CHLOEIDE v 

Phenyl di chlobo tolyl ketone 

BENZOYL-BEOM ANILINE o Bbomo aniline 
BENZOYL BEOMIDE CO Br (219°i V ) 
fa little below 0°] S G 1 57 Colourless 
fimd, which fumes m the air 

Preparation — Benzoic acid (600 pts ) is 
warmed with phosphorus tnbromide (740 pts ) 
and the product is separated from the phos- 
phorous acid by distillation in vacuo , the 
yield IS 400 pts (Claisen, B 14,2473) The so 
called benzoyl bromide of Liebig and Wohler 
3, 26b) and of Paternd was probably benzyl 
idene bromide benzoate, C«H4CHBr(OBz), a 
compound of benzoic aldehyde with benzoyl 
bromide 

BjnrZOTL - BBOMO • NITEANILIDE v 

BBO|l6-NrTRO ANILINF 

BENZOYL . BBOMO • PHENOL v Bboho 

PHENOL 

DI-BENZOYIrlSOBDTYBIC ACID 

CO CH5 )j,CH COjH Di phenacyl- acetic 
mod [133°], Formed by loss of OOp by heat 


ing di $ benzoyl di methyl malooio acid 
(Bz CH2)2C(C02H)2 Silky needles V sol alco 
hoi, ether, acetic acid, and hot benzene, insoJ 
ligrom — A'Na glistening needles (Kues a* 
Paal, B 19,3147) 

BENZOYL-CAEBAMIC ACID C,II,NOj 

Ethyl ether CO NH CO^Et [110®]. 
Formed by boiling benzoyl thiocarl^mic ether 
in alcoholic solution with PbO (Lospner, J pr, 
[2] 10, 264) Needles (from dilute alcohol), si 
sol water Decomposed by aqueous KOH into 
KOBz, alcohol, NH„ and KjCO, Alcoholic 
KOH gives a pp of C^Hj CO NK COjEt, v e «ol 
water 

BENZOYL-CABBINOL Ph CO CH^OH [86°]. 
Ph C(0H)2 CHjOH [74°] Exo oxy phenyU 
methyl ketone Oxy acetophenone Aceto phe^ 
none alcohol Phenacyl alcohol 

Formation — 1 By the action of alkalis on 
the acetate or chloride, C^Hj CO CH^Cl — 2 
From phenyl glycol (2 g ) and HNO, (6 c 0 of 
S G 1 30) The mixture is warmed and, as 
Boon as reaction sets in, it is cooled The pro- 
duct 18 diluted, neutralised with Na^CO,, and the 
crystalline carbinol filtered off Ether extracts 
a further quantity from the filtrate (Hunaeus 
a Zincke, B 10, 1487) 

Propel ties — Prisms or plates (from benzol- 
ine) Large crystals (from alcohol or ether) 

V sol ether, alcohol, or CHClg Large plates 
containing H^O (from water or dilute aloo 
hoi) In drjmg these, decomposition readily 
occurs, benzoic aldehyde being formed The 
carbinol combines with NaHSOj Readily re 
duces aminoniacal silver nitrate or Febling’s 
solution, the chief product of the oxidation being 
mandehc acid C^Hj CH(OH) CO^H (Breuer a 
Zincke, B 13, 635) 

Peactions — 1 Heated alone it gives off 
benzoic aldehyde and a pungent body — 

2 Heated with aqueous NaOH or baryta it 
becomes yellow and forms benzoic aldehyde — 

3 Water at 140" acts similarly — 4 With 
HCN it yields the nitnle of atroglyoeno acid 
CH2(0H) CPh(OH) CO^H (Pldchl a Blumlein, 
B 16,1290) 

Acetate Ph CO Ca,OAc [49°] (270°) 

From chloro acetophenone and AgOAc (Graebe, 
B 4, 34) , or from the carbinol and Ac^O 
(Zincke) Tnmetric tables (from benzoline) 

V sol alcohol, ether, or chloroform M sol 
benzoline 

Benzoate Ph CO CHjOBz [117°] (Zincke) 
From chloro aceto phenone and AgOBz or from 
benzoyl carbinol and Bz^O Small tables 
(from dilute alcohol) V sol ether, benzene, 
or CHCI3 

BENZOYL CHLOEANIUDE v Chlobo ani 

LINB 

BENZOYL CHLOEIDE C.H^-CO Cl [-1°] 
(Lieben, A 178, 43) (198°) (194°) (Bruhl, 

A 235, 11) S G 42 1 21 , 1 2122 (B ) V D 

4 99 (calc 4 90) /ip- 16537 SV 126 3 
(Ramsay) 

Formation — 1 From chlonne and benzoic 
aldehyde (Liebig a W6hler,A 3,262) — 2 From 
benzoic acid and PClj (Cahours, A Ch [8] 23, 
334) — 8 From benzoates and POCl, (Gerhardt, 
A Ch [3] 87, 291) —4 In small quantities, by 
the action of Cl upon mandelio acid or on ben- 
»gio ethers (Malaguti, A Ch [2] 70, 874) — 3. 



^-BE!^ZOYL-ISO-HEXOIO ACID 
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By heatfng benzoic acid, NaCl, and at 

200° (Beketoff, A 109, 256) -—6 By the action of 
COClj on benzene in presence of AljClg (Priedel, 
Crafts, a Ador, B 10, 1855) — 7 From benzoic 
acid or benzoates and S^Clj (Carius, A 106, 
800) — 8 By heating benzoic acid with ZnC4 
and adding benzotrichlonde (D P J 239, 167) 
CACClg + CO^H = 2C«H, COCl + HCl 
Properties — Colourless pungent oil Decom- 
posed into HCl and benzoic acid slowly by cold, 
quickly by hot, water Alcohol reacts vigorously, 
forming benzoic ether and HCl Ether and CSj 
dissolve it without decomposition 

Reactions — 1 Aqueous KOH gives KOBz 
and KCl —2 Dry BaO at 150° forms Bz,0 (Gal, 
A 128, 127) — 3 Dry NH, or ammonium car 
b&nate forms benzamide , other bases act simi 
larly — 4 Sodium has no action in the cold, but 
in presence of ether at 100°, ‘ dibenzoyl ’ [140°] 
IS slowly formed (Briegelf Bl [2] 6, 278) —5 
Hudride of Copper forms Cu Clj and benzoic 
aldehyde (Chiozza, A 85, 232) — 6 KI forms 
Bzl —7 HgCyj forms BzCy — 8 KSCN forms 
benzonitrile, CO , and CS^ (Limpricht, A 99, 
117)— 9 Pb(SCN) forms BzSCN — 10 KNCO 
forms benzonitrile (Schitf A 101, 93) and c}a 
phenine (Cloez, Bl 1859, 100) —11 NaOBz 
gives Bz 0 (Gerhardt) — 12 Sodium formate 
forms CO, NaCl, and benzoic acid — 13 Potas- 
Bium ftxalate forms BZ2O, KCl, CO, and CO — 
14 By the dry nitrates of Pb, Ag, Hg, or Cu, 
it 18 converted into benzoic anhydride, with 
formation of the chloride of the metal, NjO^, 
and oxygen (Lachowicz, B 18, 2990) — 15 
Cone H SO4 forms, apparently, Bz SO^H, which 
on heating becomes benzene sulphonic acid 
(Oppenheim, Z [2] 7, 21) —16 PCI, at 200° 
gives C«H, CC1„ C^H^Cl CCl, C^HjCI^ CCl, and 
at a higher temperature CCI4 and chlorinated 
benzenes (Schischkoff a Kosing, J 1858, 279, 
Limpricht, A 134, 55 , Claus a Hoch, B 19, 
1194) — 17 KHS forms BzSH — 18 BaOj gives 
BzjO — 19 Sodium amalgam in acid solution 
forms benzoic aldehyde and benzyl alcohol 
(Lippmann, A 137, 252) — 20 KNH^ forms 
benzamide and dibenzamide (Baumert a Lan 
dolt, A 111, 1) — 21 Succinic ether at 200° 
gives succinic anhydride, EtOBz, and EtCl 
(Kraut, A 137, 254) 

Combination — TiCl^BzCl [66°] Yellow 
crystals (Bertrand, Bl [2] 34, 631) 

BENZOYL CHLOEO TOLUIDK v Chlobo- 

TOLUIDINE 

BENZOYL CHOLIC ACID v Cholic acid 
BENZOYL CROTONIC ACID C„H„0, te 
C,H, CO C(CH3) CH CO^H [113°] Long pointed 
crystals Prepared by the action of AljClg on a 
mixture of benzene and citraconic anhydride 
By alkalis it is resolved into phenyl ethyl ketone 
and glyoxylic acid (Pechmann, B 15, 891) 
BENZOYL CUMIDIC ACID v Phenyl xylyl- 

KETONE DI CABBOXYLIO ACID 

BENZOYL CUMIDINE v Cumidine 
BENZOYL-CYANACETIC ETHER v Cyano 

BENZOYL ACETIC ETHEB 

BENZOYL CYANIDE C,H, CO CN [33°] , 
(208°) Formed by distilling BzCl with HgCy, or 
AgCy (Liebig a Wfihler, A 3, 267 , H Strecker, 
A 90, 62 , Hiibner a Buohka, B 10, 480 , Kolbe, 
A 90, 68 , 98, 847) Formed also by mixing 
iionitroso acefepBenone C,H, CO CH NOH with 


AcCl in the cold, and then dTstinfi^ the mLs^nre 
The isonitroso acetophenone need not be sepa- 
rately prepared, but amyl nitrite (1 mol ) can 
be allowed to drop slowly into a warm mixture 
of acetophenone (1 mol ) and acetyl chloride 
(3 mols ), and the product distilled , yield 65- 
70 p c of the theoretical (Claisen a Manasse, 
B 20, 2196) Pungent crystalline mass De- 
composed slowly by water, more readily bv 
KOHAq into HOBz and HCN Fuming HCl 
forms C„H, CO CO NH^ whence phenyl glyoxylic 
acid Zinc and HCl reduce it to benzoic aide 
hyde NBE, gives benzamide and NH^CN 
Aniline gives benzanilide PCI, appears to 
form C,H, CCl^ CN (224°) (Claisen, B 12, 626) 
ZnEtj, diluted witn ether forms 3 p c of 
* benzcyanidme ’ C24H,flN03, [124°], needles 

(from alcohol), another product (200°-220°), 
either contains phenyl ethyl ketone or yields 
that body on oxidation (Frankland a Louis, 
C J 37, 742) 

BENZOYL CYANIDINE v Benzoyl cyan- 
ide 

BENZOYL CYANTTRATE v Cyanuric acid 
BENZOYL - CYMENE - SDLPHAMIDE v 
Cymene bulpeonio acid 

BENZOYL-CYIIENOL v Cymenol 
BENZOYL OYMIDIDE v Cymidine 
BENZOYL DESOXALIC ACID v Desoxalio 
acid 

BENZOYL-ISODDRENE v Phenyl tktba* 

METHYL PHENYL KETONE 

oTRI BENZOYLENE BENZENE Cj.HijO, 

i e C,(C6H4 CO), [above 360°] Formed to- 
gether with methylene phthalyl by heating 
phthalic anhydnde with malonio ether and 
sodium acetate, or by the action of H2SO4 on 
phthalyl acetic acid (Gabriel a Michael, B 10, 
1557 , II, 1007, 1679 , 14, 925) Yellow ervs 
tals Soluble in nitrobenzene, nearly insolubla 
in other solvents Potash fusion converts it 
into phenenyl tn benzoic acid C,H,(C,H4C02H), 
[261°] 

DI - BENZOYL ETHANE v Di phenyl- 

ethylene DI KETONE 

BENZOYL. ETHYE- ACETIC ACID v Ben- 
zoyl acetic acid 

BENZOYL ETHYL ANILINE v Ethyl- 

aniline 

BENZOYL ETHYL BENZENE v Phenyit 
ethyl phenyl ketone 

BENZOYL-ETHYL o CARBOXYLIC ACID v. 
Phenyl ethyl ketone 0 carboxylic acid 

BENZOYL FORMIC ACID v Phenyl olt- 

OXYLIO ACID 

BENZOYL FLUORIDE C^H, CO F (162°) 
From HKFj and BzCl (Borodin, A 126, 60) 
Pungent liquid , attacks glass Decomposed by 
water into HF and HOBz 

DI BENZOYL FCMARIC ETHER 
CO^Et CBz CBz COjEt Formed by the action 
of iodine dissolved in ether upon the di- 
sodium compound of di benzoyl sucemate, 
CO^Et OBzNa-CBzNa COjEt (Perkin, C J 47, 
262) 

BENZOYL-GALLIC ACID v Gallic acid 
BENZOYL OLYCOCOLL v Hippdric acid - 
BENZOYL GLYOOLLIC ACID v Glyoollio 

ACID 

a -BENZOYL ISO HBXOIO ACID «. Zso. 

butyl BENZOYL ACETIC ACID, ^ ^ 
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BENZOYL HYDRIDE. 


mUfZOYt HTDEIT>£ V Benzoic aldehyde 
BI BBNZOYI IHIDB v p 475 
DI-BENZOYL INDIOO v Indioo 
BENZOYL lOBANILINE v Iodo akilinb 
BENZOYL IODIDE GO I Easily fusi- 
Lle crystalline mass obtained by heating BzCl 
with RI (Liebig a W6hler, A 8, 266). 
BENZOYL-ISATIN v Isatin 
BENZOYL ISETHIONIO ACID v Isbthionio 
▲ cn> 

BENZOYL LACTIC ACID v Lactic acid 
BENZOYL LEDCINE v Leucine 
TBI BENZOYL MELAMINE v Melamine 
BENZOYL - TBIMELLITIC ACID Bemo- 
jfhenone tricarboxylic acid C,eH,oO, le 
CeHjCO C,H 2 (CO^)j [5 12 4] From phenyl 
i|^-cumyl ketone by oxidation with dilute HNOj 
or KMnO^ (Elbs, / pr [2] 85, 494) Salts — 
BaHA'" 

BENZOYL MESIDIDE v Mesidine 
BENZOYL-MESITYLENE i; Phenyl tri- 
methyl-phenyl ketone 

Dibenzoyl mesitylene v Di phenyl tri 

METHYL PHENYLENE DIKETONE 

Tn benzoyl-meaitylene CsoH,,0, 1. 

(C^s CO),CttMej Tn phenyl tn methyl phe- 
nenyl tn ketone [216°] Formed by heating 
benzoyl mesitylene or di benzoyl mesitylene 
with BzCl and Al^Cla at 198° Crystals (from 
alcohol), V si sol cold alcohol, v sol a mixture 
of chloroform and acetone When BzCl acts 
on mesitylene in presence of Al^Cl^ below 118° 
only benzoyl mesitylene is formed , at 150° di 
benzoyl mesitylene is the chief product (Louise, 
C B 98, 1440 , A Ch [6] 6, 237) 

o-BENZOYL MFSITYLENIC ACID C„H„0, 
t e CO C^jMe^COOH Phenyl xylyl ke 
tone carboxylic acid [18o°] Prepared m the 
same way as the p acid {v infra) (Louise, Bl 
[2] 44, 418) Colourless crystals, msol cold 
water, si sol boiling water, sol CHC1„ acetone, 
ether, and benzene Its salts do not crystallise 
well — AgA' — CuA '2 

p Benzoyl-mesitylenio acid C,eH,^0^ [160°] 
Prepared by oxidising phenyl tn methyl phenyl 
ketone (benzoyl mesitylei^e) (Louise, Bl [2] 44, 
418, A Ch [6] 6, 218) Nacreous scales, very 
sol ether, CHC1„ acetone, &c , sol boilmg water 
Salts — A'NH, small brilliant crystals — 
A'Ag white pp sol boiling water — A'^Ba 2aq 
long needles — A'jCa long white filaments. — 
A'x^g 6aq crystals, sol hot water — SrA'j. 
BENZOYL-METHANE v Acetophenone 
D i-benzoyl methane v Di phenyl methylene 

DIEETONE j 

Trl-benzoyl-methane (C^H, CO),CH Me \ 
thenyl tn phenyl tn ketone [225°] Formed by | 
the action of benzoyl chloride on sodio di ben 
Eoyl methane (Baeyer a. Perkin, B 16, 2135 , 
C J 47, 240) Small needles Sublimable 
V el sol alcohol, v soL dilute alcoholic KOH, 
Converted by NaOEt and BzCl mto a substance 
(260°-270°] 

BENZOYL-METHYLAMINE v Methyl- 

AMINB 

BSN20YL MSTHYL-ANILINS v Msthyl- 

AHZLZNB 

BENZOYL • DIMSTHYLANILINS v Dx 

METHYL AMIDO-BBNZOPBENONE 

BENZOYL-TEIMSTHYLENE v Phs 2 {YL tri 

METSTXiBHE KSTOMJL 


BI /3 BENZOYL DI METHYL - MALONIO 
ACID (C.H, CO CH2),0(C0,H)r 
malonic acid [ISd*^ Formed by saponifi- 
cation of its ether, which is obtained by the action 
of «-bromo aoeto phenone upon sodio malonio 
ether Large colourless prisms V sol alcohol, 
ether, and acetic acid, si sol water, msol 
benzene and ligrom Reacts with pftenyl hydra- 
zine Evolves COj 5 on heating, giving di benzoyl 
iBobutync acid — " white needles or plates, 

V sol water — ’‘A'Agj nearly msol white pp 
Diethyl ether A"Et 2 [119°], large white 

glistenmg prisms or long flat needles , v sol 
water, benzene, acetic acid, and CS^, less m 
alcohol, msol ligrom Reacts with phenyl 
hydrazine but not with hydroxylamine (Kues a 
Paal, B 19, 8144) 

BENZOYL-METHYL-p-NITEANILINE v p- 

NiTRO phenyl « AMIDO ACETOPHENONE 

BENZOYL - METHYL - PHENYL NITROS - 
AMINE V Phenyl amido acetophenone 

BENZOYL-NAPHTHALIDE V Naphthyl- 
amine 

BENZOYL - NAPHTHYLAMINE - IMIDE - 
CHLORIDE V CO Chloro benzylidine naphthyl 

AMINE 

BENZOYL NAPHTHYL THIO DREAu Naph 

THYL THIO UREA. 

BENZOYL NITRANILIDE v Nitro aniline. 
BENZOYL NITRITE BzNO^ (?) /n oil 
formed together with m nitro benzoic aldehyde 
by the action of 20 vols of a mixture of HNO, 
(1 vol ) and BL^SO^ (2 vols ) upon 1 vol of ben 
zoic aldehyde (Lippmann a Hawliczek, B 9, 
1463) It is decomposed by distillation 

BENZOYL - NITRO - AMIDO - DIPHENYL t; 
Nitro amido diphenyl 

BENZOYL NITRO -AMIDO PHENOL v. 

Nitro amido phenol 

BENZOYL NITRO ANI8IDINE v Nitro. 
amido-phenol 

BENZOYL NITRO -CDMIDINE v Nitro 

cdmidine 

BENZOYL - NITRO - NAPHTHALIDE v 

Nitro naphthilamine 

BENZOYL NITRO - DIPHENYLAMIDX v 

Nitro diphenylamine 

BENZOYL NITRO TOLUENE SULPHAMIDE 

V Nitro toluene sulphonio acid 

BENZOYL NITRO-TOLUIDE v Nitro tolu 
idine 

BENZOYL PEROXIDE ChH,oO, 

[104°] BzCl IS mixed with hydrated BaOj mad 
the resultmg solid cake washed with water and 
Nr^CO,, and crystallised from CS^ (Brodie, Pr 
9, 361 , 12, 655 , Bperlich a Lippmann, Site 
B 62, 613) Tnmetnc crystals, msol water, v 
sol ether and benzene Decomposed by heat, 
giving off CO 2 with slight explosion Boiling 
KOHAq forms O and KOBz Benzoyl peroxide 
acts as an oxidising agent, splitting up into 
BzjO and O thus it oxidises p tolmdme to 
toluene azo-toluene 

BENZOYL PHENOL C^^OBz v Phenol, 

C^. CO CjHDH V OXY BENZOPHENONK 

BENZOYL PHENOL SULPHONIC ACID v 
Phenol sulphonio acid 

BENZOYL-PHENYL AMINE 
CO CfH^NH, Benzanilide (18 g.), BzCl 
(14g ), and ZnCl, give the p benzoyl derivative 
[150°], together with a litUe of the 0 benaoyi- 



BEKZOYI.-SUCCINIC ACID 


derivative CO CyH.NHBz [170°] (Higgin, 
C J 41, 133) Dilute HCl at 120° liberates the 
free bases, whioh are described as Amido benzo- 

FHKNONES (j V ) 

p BENZOYL PHENYL OAEBAMIC ETHEE 

CjHj CO NH COjEt [189°] Prepared by 
the action ^of chloroformic ether on p amido 
benzophenone (Doebner a Weiss, B 14, 1839 , 
A 210, 246) Plates Sol boiling alcohol, 
boiling acetic acid, and chloroform, insol cold 
water Decomposed by boiling KOH 
BENZOYL PHENYL CAEBAMINE 
C«Hj CO C„H4 NC Iso cyano benzophenone 
[119°] From p amido benzophenone (10 g ), 
chloroform (8 g ), and alcoholic KOH (Doebner, 
A 210, 246) Silky needles, volatile with steam 
91 sol hot water, v sol alcohol Split up by 
acids into formic acid and amido acetophenone 
BENZOYL PHENYLENE - DIAMINE v 
Phenylene dumine • 

BENZOYL PHENYL DI ETHYL-AMINE v 

Dl ETH1L AMIDO BENZOPHENONE 

BENZOYL PHENYL DI METHYL AMINE 

V Dimethyl amido benzophenone 

p DI BENZOYL DI PHENYL THIO BREA 
SC(NH C^H^ CO C«H,)2 [166°] Prepared by the 
action of CS^ on an alcoholic solution of p 
amido benzophenone in presence of a little 
KOH (Doebner a Weiss, B 14, 1839) Colour 
less jflates Sol chloroform, si sol hot alcohol, 
ether, benzene and CSj , msol water 

BENZOYL PHENYL METHANE is Benzoyl- 
phenyl CARBAMIC ETHEB {q V ) 

BENZOYL PIPER PROPYL - ALKElN v 

Benzoyl Oxypeopyl piperidint 

BENZOYL PROPANE CARBOXYLIC ACID 

V Phenyl propyl ketone carboxylic acid 

a BENZOYL PROPIONIC ACID C,oH,oO, % e 
C.Hs CO CHMe CO,H Phenyl ethyl ketone 
a carboxylic acid From the ether and cone 
H^SO^, the mixture being left for 6 weeks It 
18 an oil and gives a reddish brown colour with 
Fe,Cla Alkalis produce phenyl ethyl ketone 
Ethyl ether CH, CHBz CO^Et (227°) at 
225 mm Formed by the action of NaOEt and 
Mel on benzoyl acetic ether (^ v ) Aromatic 
smelling oil Fe^Clg gives no colour in its alco- 
holic solution NaOEt forms the sodium de- 
rivative CH, CNaBz CO,Et Phosphorus penta 
chloride forms C^H, CCl CMe CO^Et (Perkin a 
Caiman, C J 49, 156) 

/3 benzoyl propionic acid 
C^Hj CO CHj CH, COjH Phenyl ethyl ketone 
u> carboxylic acid [116°] , [114°] (Bischoff, B 
19, 95) 

Formation — 1 By the reduction of benzoyl- 
acrylic acid — 2 By the action of AljCl, (li pts 1 
on a mixture of succinic anhydride (1 pt) ana 
benzene (10 pts ) The product is shaken with 
water, when the acid remains dissolved in the 
benzene, whence it is extracted by shaking with 
KOH and ppg with HCl (Burcker, Bl [2] 36, 
17 , A Ch [6] 26, 483 , Pechmann, B 16, 889) 
8 By oxidising its aldehyde —4 Its ohlonde 
is formed by the action of Al^Cl, upon a 
mixture of suooinyl chloride (1 mol ) and 
benzene (1 mol ) (Claus, B 20, 1876) — 6 By 
heatmg b^zoyl-isosuccimo acid above its melt- 
ing point, CO, being evolved (Kues a Paal, B 
18, 3326) 

Properties —White pnsms, v sol hot water 


Converted by potash fusion into benzoic and 
propionic acids Reduced by Bodium amalgam 
to 7 oxy phenyl-butyrio acid (or its lactone) 
C^H, CH(OH) CH, CH, CO,H 

Salts — ^BaA', needles — AgA' sL soU 
water 

Ethyl ether EtA' [32°] white crys- 
tals, turned red by heat 
Phenyl hy dr azide 

C.H, C(N,HPh) CH, CH, CO,H [65°] White 
silky needles, v sol alkahs, acids, alcohol, and 
benzene, si sol ether 

BENZOYL PROPIONIC ALDEHYDE 
C^Hj CO CH, CH, CHO (245°) S G 2 1 005^ 
998 Prepared by the action of water upon 
the compound of phenyl propyl ketone with 
CrO Cl, Oil, sol ether and chloroform It 
readily reduces AgNO,, but does not combine 
with NaHSO, Sodium amalgam reduces it to 
syrupy CH(OH) CH, CH, CH,OH (c 200°) 
(Burcker, A Ch [5] 26, 469 , O B 94, 220) 
BENZOYL-PROPIONIC-CARBOXYLIC ACID 

V Phenyl fthyl ketone di carboxylic acid 

BENZOYL-PYROCATECHIN v Di oxy benz 

OPHENONE 

BENZOYL PyRROL v Pyrrol 
Pscudo-benzoyl-pyrrol v Pyrryl phenyl 

KETONP 

BENZOYL PYRUVIC ACID C.oH^O^ % e 
CeHjCOCH,COCO,H [156°] Obtained by 

saponification of the ethyl ether Yellowish- 
white prisms (from hot benzene) Strong acid* 
Evolves CO, at its melting point 

Ethyl ether A'Et [43°] Prepared by 
adding 48 pts of acetophenone to a cooled solu 
tion of 9 2 pts of sodium in 160 pts alcohol, 
and then 68 4 pts of oxalic ether The precipi 
tated sodium compound is washed with ether, 
dried, dissohed m iced water, and decomposed 
by CO,, when the benzoyl pyruvic ether crystal- 
lises out , the yield is 78 p c of the theoretical It 
crystaUises from petroleum ether m long pnsms 

V sol all ordinal y solvents FejCl, gives a 
blood red colouration The aqueous aloohoho 
solution gives with cupric acetate a light-green 
pp of (CijHijOJjCu.'this crystallises from hot 
benzene or alcohol in long green needles By 
heatmg with dilute aqueous NaOH the ether is 
split up into acetophenone, oxalic acid, and 
alcohol By boiling its acetic acid solution with 
phenyl hydrazine it is converted into di-phenyl- 
pyrazol carboxylic ether C,HPhN(NPh) CO,Et 
By cold alcoholic NH, it is converted into aceto- 
phenone, oxamide, and alcohol (Beyer a Claisen, 
B 20, 2181) 

BENZOYL aUINALDINE v Methyl-quik. 

OLYL PHENYL KFTONE 

BENZOYL-BESORCIN v Di oxy benzophe- 
none 

Di-benzoyl-resoroin v Dioxy phenylene di- 
phenyl diketonb 

BENZOYL-SUCCINIC ACID Phenyl ethyl 
ketone d% - carboxylic acid Ethyl ether 
CO,Et CHBz CH, COjjEt (c 265°) at 160 mm* 
From sodium benzoyl acetic ether and obloro- 
acetic ether (Perkin, jun , C J 47, 274) 

Properties — Thick colourless oil Its aloo« 
holio Bolutiou gives a claret colour with Fe,OV 
Cone H,S04 forms a yellow solution tnmed red 
by heat NaOEt forms a solid sodium com 
pound Boiling baryta water deoomposaa it 
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BENZOYL-SUCCINIC ACID. 


Into benzole and succinic acids Boiling dilute 
HaS 04 forms benzoyl propionic acid 

Di benzoyl-suooinio acid 
COjH CBLBz CHBz CO^ Obtained by dissolving 
the ether in alcoholic £OH and treating with 
HjSO^ (Perkin, jun , (7 J 47, 265) The acid 
dissolved in alcohol gives a dark green pp with 
Fe,Clg Cone H^SO^ forms a yellow solution, 
turned crimson by hea4. 

Ethyl ether € 02 Et.CHBz CHBz CO,Et 
[130°] Formed by «,dding iodine to a solution 
of sodium benzoyl acetic ether in dry ether 
(Perkin, jun , C / 47, 262) Crystals (from 
alcohol) , si sol cold alcohol, v sol ether 
Cone H 2 SO 4 forms a colourless solution 
turned red, olive green, and finally bluish 
red by heat Bodium ethylate forms 
COjEt CNaBz CNaBzi CO^Et In the alcoholic 
solution Fe^Clg gives a red colour Boiling dilute 
sulphuric acid ( 1 2 ) forms an acid probably 
diphenyl furfurane dicaiboxylio acid, C,«H 

12^5t 

[238°], whence Ac^O forms an anhydride 
0 , 8 H,o 04 , [255°] (Baeyer a Perkin, B 17, 62) 

/8 Benzoyl-isoauccuuc acid v Phenyl ethyl 

KETONE 0 ) DI CARBOXYLIC ACID 

BENZOYL SULPHIDE (^C^H, CO) 2 S [48°] 
From BzCl and potassium thiobenzoate (Engel- 
hardt, Latschinoff, a Malyscheff, Z 1868, 357) 
Waxy prisms, insol water, v sol ether Am 
monia forms bonzamide and ammonium thio 
benzoate Alcoholic KOH forms KOBz and 
KSBz Alcoholic KSH forms KSBz 

Benzoyl disulphide (CgHjCO) 83 Mol w 
274 [128°] Formed from C^H^ CO SH by 

atmospheno oxidation of its solution in CS 2 
^oez, A 115, 27), or by treatment with iodine, 
FejCla, or HNO, Also, together with Bz^S, by 
warming BzCl with PbS and ether (Mosling, A 
118, 304) When heated above its melting 
pomi it turns violet. Prisms or tables (from 
CS 2 ), si sol boiling ether and alcohoL Insol 
water, NHjAq, and KOHAq Alcoholic KOH 
forms KOBz and K 8 Bz Alcoholic KIIS forms 
KSBz 

BENZOYL 8ULPH0CYANIDE CACOSCN 
S G « 1 20 From BzCl and Pb(SCN )2 in the 
cold (Miguel, A Ch [5] 11 , 300) Pungent 
liquid Decomposed by boiling water into 
benzamide and COS On long standing it de 
posits an isomende [160°], which is decomposed 
by water at 200° into NH„ benzoic acid, and 
HjS 

BENZOYL. TAETAKIC ACID v Tartaric 

BENZOYL TEEEPHTHALIC ACID v Benzo 

PHBNONE DICARBOXTLIC ACID 

BENZOYL THIOARSENITE Cj^HjjAsSjO.t c 
A 8 (SBz), [179°] From BzCl and As^S, An 
ammoniacal solution gives with HgCl^ a pp of 
Hg^SBz), (Rayman, Bl [2] 47, 896) 

BENEOYL.THIO.CABBAMIC ACID 
CgH^NSO* Methyl ether Bz NH CO S Me 
[97°] From benzoyl sulphocyanide and methyl 
^cohol (Miguel, A CK [5] 11, 330) Slender 
needles (from dilute alcohol) SI sol water, v 
soL aloohol Water in large exoess at 100° 
forms BzNH,, methyl alcohol, H^S, and CO,. 
Salt — BzNNa.CO SMe From the ethereal 

•olntioB and MeONa 

Ethyl ether Bz^U CO BEi [74°] From 
fizSCN and HOEt , or from alcohol, BzCl, and 


KSCN (Ldssner, 7 pr [2] 10, 286) Long 
needles , v si sol water, v sol alcohol Boiling 
KOHAq forms KOBz, KSCN, alcohol, CO,, NH„ 
and H!,S Heated alone it gives benzonitnle, 
CO, and mercaptan Salt — BzNKCOSEt 

BENZOYL THIOCYANATE u. Benzoyl 

SULPHOCYANIDE 

BENZOYL-THfO-UREA v Tmo urea 
BENZOYL-THYMOL v Thymol 
BENZOYL TOLUENE SULPHAMIDE v Tol- 
uene SULPHONIC ACID 

BENZOYL TOLUIDE v Toluidine 
BENZOYL TOLUIDINE IMIDL CHLORIDE 

V a> ChLORO BFNZYLIDENE TOLUIDENF 

BENZOYL TOLYLENE DIAMINE v Tol- 

TLENE DIAMINE 

BENZOYL TROPElNE v Tropin 
BENZOYL UREA u Urea 
BENZOYL-URITIC*^ACID v Phenyl tolyl 

KETONE DI CARBOXYLIC ACID 

a BENZOYL VALERIC ETHER v Propryl 
Benzoyl acetic ether 

BENZOYL XYLENE v Phenyl xylyl kb- 

TONE 

BENZOYL XYLIDE v Xylidine 


(a) BENZ PINACOLINE C^^H^^O le. 

1 >0 (?) [204°] 

C^H^-t^C^H, 

Tetra phenyl ethylene oxide 
Formation — 1 Together with the (3) modi- 
fication by boiling a 5 p o alcoholic solution of 
benzophenone with zinc and HCl (Thorner a, 
Zincke, B 11, 65) — 2 Together with benz 
pinacone by heating an alcoholic solution of 
benzophenone with zinc and H^SO^ (Thorner a 
Zmeke, B 11 , 1396) — 3 By the action of zinc 
dust on an ethereal solution of acetyl chloride 
(1 mol ) and benzophenone (1 mol ) If the 
acetyl chloride is used in excess the {a) benz 
pinacolme first formed is converted into the 
{$) benz pinacolme (Paal, B 17, 911) — 4 By 
the oxidation of tetra phenyl ethylene with 
chromic mixture (Behr, B 5, 277) 

Properties — Needles Almost insoluble in 
cold alcohol and in cold acetic acid 


Reactions — 1 By acetyl chloride, HCl or 
H„S 04 , it IS converted into the (/3) modification 
2 By heating with soda lime it gives a hydro 
carbon [244°] which is possibly tetraphenyl- 
ethylene —3 By CrO, and acetic acid it is 
oxidised to benzophenone 

(/ 8 ) Benz pinacolme (CoH 4 ),C CO C.Hj [179°] 
(T a Z ) , [182°] (Zagumenny) 

Formation — By boiling a concentrated solu- 
tion of benzophenone in alcohol with zinc and 
HCl for *20 hours (ThSrner a Zincke, B 10, 
1473 , 11, 65) — 2 From benzpinacone and 
AcCl or BzCl (Linnemann, A 133, 28) —3 
From benzpinacone and dilute H 28 O 4 or HCl at 
200° It IS even slowly formed by repeatedly 
recrystallising benzpmacone from hot alcohol 
(Z ) — 4 From (a) benzpinacolme by heatmg 
with AoCl, HCl, or BL 2 SO 4 

Preparation — HClAq is added to a saturated 
solution of benzpinacone in HO Ac until a tur 
bidity appears The mixture is boiled 46 
minutes, with gradual addition of HClAq (Zaga* 
menny, Bl [2] 84, 829 , 36. 660) 



BENZYL ALCOHOL. 


4 ^ 


—Slender needles, t si sol cold, 
m. sol hot, alcohol 

Reactions — 1 Gives on oxidation benzoic 
acid and tri phenyl carbmol — 2 Heating with 
alcohohc KOH produces tn-phenyl methane 
and benzoic acid (Zagumenny, Bl [2] 34, 330) 
8 Reduced by HI to s tetra phenyl ethane (?) 

BENZKNACONE O^eH^^O, te 
Phj C(OIl) C(OH) Phj Tetra phenyl ethylene 
glycol [168°] 8 (benzene) 3 8 at 80°, 8 

(HOAo) 8 7 at 118°, 8 (95 pc alcohol) 2 5 at 
80° 

Formation — From benzophenone by re 
ducing the alcoholic solution with Zn and 
H2SO4 (Linnemann, A 133, 26) or a solution in 
acetic acid (10 pts ) diluted with water (2 pts ) 
with zinc (Zagumenny, J R 12, 426) 

Properties — Minute prisms, si sol boiling 
alcohol, V sol ether On fusion it splits up into 
benzhydrol and benzofhenone (Thorner a. 
Zmcke, B 10, 1473) 

Reactions — 1 Chromic acid oxidises it to 
benzophenone — 2 Sodium amalgam reduces it 
to di phenyl carbmol — 3 Readily converted 
into (a) or (8) benzpinacolino by dehydration, 
this IS effected by BzCl, AcCl, dilute acids, or 
even by recrystallisation from alcohol (Za ) — 4 
Ac^O gives benzhydrol and benzophenone — 5 
HI and P at 170° give tetra phenjl ethane 
(Gra^be, B 8, 1054) 

BENZ URAMIDOXm C«H«N, t e 
CaH, C(NOH)(NH CO NH^) [115°] Formed by 
the action of potassium cyanate upon benz 
amidoxim hydrochloride in cone aqueous solu 
tion (Falck, B 19, 1486) Long thin white 
needles V sol alcohol, ether, benzene, and 
ligroin, si sol water 

BENZ UEANILIDOXIM ChH„N,02 le 

C,Hj C(NOH) NPh CO NH, (?) Benz phenyl 
uramidoxim [167°] Formed by the action 
of potassium cyanate upon benzanihdoxim 
hydrochloride in concentrated aqueous solution 
(Muller, B 19, 1671) Yellowish needles Sol 
alcohol, ether, benzene, and chloroform, insol 
water 

BENZYL The radicle phenvl methyl, 
CjHj CH2 It 18 isomeric with methyl phenyl 
or tolyl CH3 CflH^ 

DIBENZYL v s Di phenyl ethane 

BENZYL ACETAMIDE v Acetyl Benzti.- 

AMINE 

BENZYL ACETATE C,H, CH, O CO CH, 
(206°1 8 G Hi 1 057 From benzyl alcohol 

(2 vols ), acetic acid (4 vols ) and H^SO^ (1 vol ), 
or by boilmg benzyl chloride with alcoholic 
KOAc (Canmzzaro, A 88, 130) Formed also 
by boiling a mixture of benzoic aldehyde and 
glacial acetic acid with zinc dust (Tiemann, B 
19, 355) Oil, smelhng of pears Sodium act 
mg upon benzyl acetate does not form benzyl 
aceto acetate but the chief product is benzyl 
0 - phenyl propionate 4CH, COjC^Hj + Na, =• 
2CH,C03Na + 2C,H,0HjC03C,H, + H2, and by 
a secondary reaction, sodic phenyl propionate, 
Bodio phenyl acrylate, and toluene 

2C.H, OH, 00,0, H, + Na, - 

0,H,0H, 00,Na+C*E, OH-OH.OO.Na+20,H,OH, 
(Conrad a Hodgkmson, A 198, 800) 

BENZYL ACETIC ACID v, 0 Phenyl pbopi- 

ONZO A€1I». 


Di-bensyl-aoetio aoM 0„H,gO, i.e* 
(C^H, CH,),CH COj^ Di-phenyl uohutyme acid 
[85°] Obtained by saponifymg the ether, by 
heating di benzyl malonic ether with alcoholic 
KOH (Lellmann a Schleich, B 20, 439), or by 
heating di benzyl malonio acid (Biscnoff a. 
Siebert, A 239, 101) 

Properties — Prisms (from ligroin), si soL 
cold water, v sol alcohol Heated with floda- 
lime it gives di benzyl methane 

Salts — AgA' trimetnc prisms, sol boilmg 
water (Michael a Palmer, Am 7, 70) — BaA', — 
CaA'jaq 

Ethyl ether 'Eik' (above 300°) Formed, 
together with 0 phenyl propionic ether by 
heating acetic ether with benzyl chloride and 
sodium (Lydia Sesemann, B 6, 1086 , Merz a. 
Weith, B 10, 759) 

BENZYL ACETO-ACETIC ETHER v p 24 
BENZYL-ACETONE CjoH.jO i e 
CeHi CH2 CH2 CO CH, Methyl phenylethyl ke- 

tone (23b°) S G 989 

Formation — 1 By the dry distillation of a 
mixture of calcium hydrocinnamate and calcium 
acetate , the yield is 33 p o (Jackson, B 14, 890) 

2 From benzyl aceto acetic ether by boilmg 
with alcoholic KOH (Ehrlich, A 187, 16) 

Properties — Oil Combines with NaHSO. 
forming C,oH,20NaHSOsaq Oxidised by CrO, 
to acetic and benzoic acids 

BENZYL-ACETONE 7.CARBOXYLIC ACID 
V Acetyl phenyl propionic acid 

Benzyl-acetone 0 carboxylio-acid CnHjjO, 
le CO2H CgH, CHj CH2 CO CH, [114°] Ob- 
tamed by boiling 0 carboxy benzyl aceto acetic 
ether with baryta-water (Bulow, A 236, 192) 
Slender needles (from water) 

BENZYL-ACETOXIM v Acetoxim, p 38 
BENZYL ACETYL SUCCINIC ETHER 
Acetyl benzyl succinic ether, p 39 

BENZYL-DI ACETYL PYRROL v Benzyl- 
pxrrylene di methyl ketone 

BENZYL ALCOHOL C,H,0 i e C,H, CHj OH 
Mol w 108 (206 5°) 8 G f 1 0429 (Bruhl) 

8 4 at 17° M/9 1 ool^ Bqo 6316 HF 38,733 
(Stohmann, J pr [2] 36, 4) 

Occurrence — Balsam of Peru contains benzyl 
benzoate, benzyl cmnamate and small quantities 
of benzyl alcohol (Kraut, A 152, 129) Liquid 
storax contains benzyl cmnamate (Laubenheimer, 
A 164, 289) Balsam of tolu contains benzyl 
cmnamate and some benzyl benzoate (Busse, 
B 9, 830) In small quantity, together with 
benzoic aldehyde, prussic acid, and a resm 
m the volatile oil of cherry laurel (Tilden, Ph 
[3] 5, 761) 

Formation — 1 Together with KOBz by the 
action of alcoholic KOH on benzoic aldehyde 
(Cannizzaro, A 88, 129) —2 From benzyl 
chloride by converting it into benzyl acetate by 
alcoholic KOAc, and boihng the product with 
alcoholic KOH (Cannizzaro, A 96, 246) — 

3 From benzyl chloride by heating with an 
aqueous solution of K,CO, (Meunier, Bl [2] 
38, 169) , with water (10 pts ) and freshly p^ 
Pb(OH)2 (3 pts ) (Lauth a Gnmaux, A 148, 81) , 
or merely with water (80 pts) (Niedenst, A, 
196, 358) — 4 From balsam of Peru by boilmg 
with aqueous KOH (Kaohler, J pr 107, 807) — 
8 By the aotion of sodium amAlgam upom 
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benzoic aldehyde (Friedel, J 1862, 263), benzoic 
acid, hippuno acid (Hermann, A 132, 76 , 
138, 886), benzoyl ohlonde in presence of HOI 
(Lippmann, Bl [2J 4, 249), or benzanude 
(Guareschi, O 4, 465) 

Preparation — 10 pts 6t benzaldehyde are 
shaken m a stoppered cylinder with a solution 
of 9 pts of KOH m 6 pts of water, and left to 
stand over-mght SuflBcient water is then added 
to dissolve the potassium benzoate which has 
separated, and the solution is extracted with 
ether, after evaporating the ether the residue 
IS distilled , the yield is 92 p c of the theoretical 
Benzyl alcohol cannot be dned with CaClg as it 
combines with it (Meyer, B 14, 2394) 

Properties — Liquid with little odour, si sol 
water, sol alcohol and ether 

Reactions — 1 Oxidised by dilute HNO, or 
air and platmum black to benzoic aldehyde, and 
by CrOa to benzoic acid — 2 HI and P at 140° 
r^uce it to toluene (Graebe, B 8, 1054) — 
3 Alcohoho KOH forms toluene and benzoic 
acid (Cannizzaro, A 90, 253) — 4 Cone H^SO^, 
PjOa, and ZnCl, form a resin (Cannizzaro, A 92, 
113) — 6 BjO, at 110° forms di benzyl oxide 
(CgHa CH2)20 --6 Solid cyanogen chloride forms 
benzyl carbamate and di benzyl urea (Cannizzaro, 
O 1, 83 , B 8, 517) — 7 Urea nitrate at 120° 
forms di benzyl urea and benzoic aldehyde , at 
140° it forms benzyl carbamate (Campisi a. 
Amato, O 1, 89) — 8 BCl, forms s di phenyl 
ethane and benzyl chloride (Counoler, B 10, 
1666) 

Methyl ether (168°) From 

benzyl obdonde, KOH, and MeOH (Sintenis, A 
161, 834) Also from benzyl sulphide, methyl 
alcohol, and Mel (Cahours, A Ch [5] 10, 23) 
Ethyl ether C„Jli,CK20Et (185°) Gives 
anthracene when heated with PjOj Chlorme 
in the cold forms HCl, ethyl ohlonde, and 
O^HjCHO , at a higher temperature it gives 
EtCl and l^nzyl chloride Chlonne m the cold 
in presence of I forms chloro benzoic aldehydes 
and EtI (Sintenis, A 161, 331) Br forms in 
the cold HBr, EtBr, benzyl bromide, benzoic 
aldehyde, and BzBr (Paterrib, B 6, 288) 

Isobutyl ether (c 210°) 

(Clans a Trainer, B 19, 8006) 

Phenyl ether PhOCU^h [89°] (287°) 
From phenol potassium, benzyl chloride and a 
little alcohol at 100° with mverted condenser 
for 3 hours (Staedel, A 217, 44 , Lauth a 
Gnmaux, A 143, 81, Smtenis, A 161, 337) 
Ohttenng white plates which feel greasy (from 
alcohol) Cone HCl at 100° splits it up into 
phenol and benzyl chlonde Chlorme m pre 
fience of HgO forms the chloro phenyl ether, 
0(,H4 CH* 0 C8H4CI [71°] , bromme forms simi- 
larly C«H. CH2.O C,^,Br [60°] 

o-Tolyl ether C^ CH^ 0 C.H, CH, [12] 
Benssyl o-cresyl oxide (285°-290°) (Staedel, B 
14, 099) 

m-Tolyl ether C,Hj CH^O C,H4 CH, [1 3] 
[43°J (300 "-806°) Satmy tablets 

V-Tolyl ether C,H, CH^ 0 C^H^ CH, [1 4] 
[41^ From potassium p cresol, a httle alcohol, 
and benzyl chlonde (Staedel, A 217, 44) The 
yield JB 86 p c White silky scales or transparent 
SIX sided columns (from alcohol) Feels greasy 
(a) Naphthyl ether An oil, decomposed 
disUllation. 


{$) Naphthyl ether 0,oH,0 CH,Ph [99°] 
From (8) naphthol (70 g), KOH (27 g), a little 
water and alcohol, and benzyl cnlonde (70 g ) 
White plates (from alcohol) No smell Not 
volatile with steam (Staedel, A 217, 47) 

Other benzyl ethers are described under the 
hydroxylated compounds from whioh they are 
derived 

BENZYL 0 AMIDO ACETOPHENONE 

C„H4(NHC,H,) CO CH, [81°] Formed by heat 
mg o amido acetophenone with benzyl chloride 
(Baeyer, B 17, 971) Large prisms V sol 
alcohol, ether, benzene, chloroform and CS,, sL 
sol hgrom Weak base 

Nitrosamine C«H,(N(C,H,) NO)CO CH, 
[55°] , long colourless needles By heating with 
it gives a mixture of mdigo and benzyl ' 

indigo 

BENZYL 0 AMIDO BENZOIC ACID 

C,H,NH C«H, CO2H [lt6° uncor ] Formed to 
gether with its formyl derivative by oxidation of 
benzyl qumolme with alkalme KMnO^ Long 
needles or thick prisms 

Salts C,4H„N0,HC1 [105° uncor], large 

tables — (Cj^HisNOJaHjCloPtCL [168° uncor ] , 
orange yellow tables 

Formyl derivative C,H,N(CHO) C^H, CO^H 
[196°] , large oolourless tables (Claus a 
Glyckherr, B 16, 1283) 

BENZYL AMIDO TEI PHENYL METHANE 
Ph^CNHCH^Ph [110°] The hydrochlo 
ride B'HCl [249°] is formed by the action of 
benzyl chlonde on w amido tn phenyl methane 
(Elbs, B 17,703) 

Di benzyl amido di phenyl methane 
Ph CH, C,H4N(CHPh)2 From aniline hydro 
chlonde and benzyl chloride at 120° Also 
from acetanilide and benzyl chloride at 120° 
White amorphous powder (Meldola, C J 
41, 200) Soluble m benzene Solutions have 
a blue fluorescence 

BENZyLAMINE C,H„N is C,H,CH,.NH,. 
Mol w 107 (184°) S G lA 99 

Formation — 1 Together with di and tn 
benzylamme by heatmg benzyl chlonde with 
alcoholic NH, (Canmzzaro, A 184, 128, Lim 
pneht, A 144, 304) — 2 Together with di and 
tn benzylamme by the action of Zn and HCl 
upon benzomtnle (Mendius, A 121, 144 , Spica, 
Q 10, 615) — 3 By reducing thiobenzamida 
C,Hj eSNH, with Zn and HCl (Hofmann, B 
1, 102) — 4 From benzyl cyanate and KOH 
(Strakosoh, B 6, 692) - 6 By saponification of 
its acetyl denvative, obtained by the action of 
acetamide on benzyl chlonde (Rudolph, B 12, 
1297) —6 By the action of bromine in alkalme 
solution on phenyl acet amide C^Hj CH, CONH,* 
the yield is 60 p c of the theoretical quan- 
tity (Hofmann, B 18, 2738 , Hoogewerff a. 
Van Dorp, R T C 5, 262) — 7 Together with 
toluene, by energetic reduction of hydrobenz 
amide dissolved m absolute alcohol by means of 
sodium or sodium amalgam , verv good yield 
(0 Fischer, B 19, 748) — 8 By reduction of an 
alcohoho solution of benzaldehyde phenyl by 
drazide by means of sodium amalgam and acetic 
acid (Tafel, B 19, 1928) — 9 By reduction of 
benzaldoiun (6 pts ), dissolved in alcohol 
(15 pts ), at 60°-60° with sodium amalgam (160 
pts of 2^ po Na), keeping acid by gradual 
addition of aoetio acid good yield (Goldschmidt, 



BENZYL-BENZENE, 


491 


B 19, 8232) —10 In isonsidorable quantity by ployed (Leuokart, B 18, 2841) White platei 
heating benzaldebyde with glyooooU (Ourtius a (from hot alcohol) , y si sol water When 
Lederer,B 19, 2462) — 11 Together with di- and heated for a long time with Mel or Btl at 150®, 
tri benzyl-amine, as a by product, in the pre- benzyl iodide and tetra methyl- (or ethyl ) 
paration of di benzyl hydroxylamine from hy- ammonium iodide are formed (Marquardt, 
droxylamine hydrochloride, benzyl ohlonde and B 19, 1027) Fuming Bulphuno acid forms 
NaOH (\^der, B 19, 3293) O^iH, JS0,H),N (Limpncht, A 144, 811) 

—Liquid, miscible with water. Salts — B'HCl [228°], thick pnsms or 

alcohol, and ether Separated from water by iridescent plates, v sol hot alcohol, insol 
KOH Strongly alkahne, absorbs CO 2 , forming a water — B' 2 H 3 Cl»PtCl 4 orange-yellow needles — 
crystalline carbonate, and fumes with HCl With B'HNO, [125°], msol water — B'Bffir [208°] 
cyanogen it forms a compound (C,H,N) 2 (CN), — B'HBr, — B'HI [178°] — B'HAl(SOJ, 12aq 
[140°] which crystallises from alcohol, and forma [110°] , sol water 

a hydrochloride (C,HjN)^(CN) 32 HC 1 (Strakosch, Methylo-%od%d6 B'ULbI [184°] , needles 
B 6 , 693) or plates , sol hot alcohol, si sol cold water 

Salts — BTECl large leaflets or flat tables Methylo hydrate crystallme 

•— B'HBr — B'jH^PtClg orange tables or yellow sohd , alkaline reaction , v sol water On heat- 
plates, si sol water — B'gHjSO, mg it evolves MeOH forming tn benzylamme 

Acetyl derivative CgHj CH^ NHAc [61°] Methylo - chloride -platinum- salt 
^00°) , crystalline solid, sol water (Amsel a (B'MeCl) 2 PtCl 4 [197°] , orange pp , msol cold 
Hofmann, B 19, 1285 , Strakosch, B 6, 697 , water and alcohol 

Budolph, B 12,1297) Ethylo iodide BTEtl [190°], colourless 

Di-benzylainlne i e NH(CH^ CaH^), rhombic crystals , sol alcohol and hot water 

5 Q- ^ 1 033 Isopropylo - iodide B'fel [170°] , 

Formation — 1 By the action of NHj on needles , si sol hot water 
CaHaCH^Cl or by reduction of benzonitnle {v BENZYLAMINE-w^^-DI-STTIPHOiriC ACID 
supra) —2 By the action of bromine water on CaHj CH(SOgH) NH(SOaH) The di sodium salt 
tribenzylamine (Limpncht, ^ 144, 313) —3 By A^Na^Saq is formed by shaking benzaldoxim 
boiling benzoic aldehyde with ammonium for with a 30 p c sodium bisulphite solution It 
mate (Leuckart a Bach, B 19, 2128) — crystalhses m small white needles, v e sol 
4 Occurs together with mono- and tn benzyl water, msol cold alcohoL By warming with 
amine as a by product m the preparation of dilute acids it is split up into benzaldebyde, 
di benzyl hydroxylamme from hydroxylamine sodium sulphate, and ammommn sulphite 
hydrochloride, benzyl chloride, and NaOH — CgHs ^(SOgNa) NH(S08Na) + 2H,0 

6 Formed by the action of PCI, upon di benzyl «. C^Hj CHO + Na^SO, - 1 - (NH) 4 HSO,. 

hydroxylamme and treatment with water, tiie Alkalis decompose it in the cold, and water on 
reaction probably being boiling (Pechmann, B 20, 2639) 

(C,H,),N OH + PCI, « (C,H,) 2 N O PClj + HCl and BENZYL-ANILINE C A NH(C;H,) [33° un- 
(C,H,) 2 N 0 PCI 2 + dHjO cor ] (above 360°) Obtamed by reducmg thio 

(C 7 H,),NH + H,P 04 + 2HCl(Walder,B 19, 3287) benzoyl anihne (Bemthsen a. Trompeter, B 11, 
Properties —Liquid, msol water, v sol 17b0) Formed also by boihng diazobenzene 
alcohol and ether Does not absorb CO, from benzyl anilide (60 g ) with HCl (200 00 ), the 
the air On distillation it decomposes into yield is 20 g (Friswell a Green, B 19, 2036) 

8 di phenyl ethane, s di phenyl ethylene, lophme, Yellowish crystals 

and various bases (Brunner, A 161, 133) Salts — B'HCl r203°unoor], white plates. 

Salts — B'HNO, [186°], very sparingly decomposed by watir —B'jH^CliPtClg [168° un- 

Boluble thin glistening needles — B'HCl [266°] cor ] , slender yellow needles , tolerably easily 
— B'HBr [276°] —B'HI [224°] — B'^H^PtCl. soluble m water —B' 2 C 2 H 204 —B'CdCl, 
golden yellow needles Benzoyl derivative (Fleischer, 

Nitrosamine (C,H, CH 2 ) 2 N NO [6I°], A 188,229) 
white crystals v sol alcohol and ether, msol Di benzyl anilme C,H, N(CH 2 C^H,),. [67°] 
water (W , cf Kohde, A 161, 366) (above 300°) Prepared by heating a mixture 

PicryZ demjafit;e (C,H, Cil^jN OCaHj(N02),’‘ of aniline (54 pts ), benzyl chloride (160 pts) 

[171°] , orange plates and NaOH (30 pts ) on the water-bath for three 

Formyl derivative (0,H, CH 2 ) 2 N CHO or four weeks After coolmg the sohdifled 
[62°] , (above 860°) (Leuokart a. Bach, B 19, cake is pressed, distilled with steam to remove 
2128) excess of benzyl chlonde, washed with hot 

Di sulphontc acid C, 4 H„N(SO,H )2 (Lim water, and crystallised from alcohoL Colourless 
prioht, A 144, 817) — BaA" needles V sol ether, benzene, hot aloohol 

Tri-benaylamme C^HjjN te (CgH, CH 2 ),N and hot acetic acid, si sol cold aloohol and 

[91°] cold acetic acid, nearly msol water Weak base 

Formation — 1 From benzyl chloride and Salts — B'HClaq ghstenmg prisms — 
NH, (v supra) —2 By heating di benzylamme B'jH^ClaPtClg thin orange - yellow scales, 
with benzyl ohlonde at 100° (Walder, B 19, Pier ate B'CgH2(N02),0H [132], long yellow 

8287) — 8 Together with mono and di benzyl needles (Matzudaira, B 20, 1611) 
amine as a by product m the preparation of TBI- BEN ZYL-A B8IN E v p 822 

di-benzyl hydroxylamme from hydroxylamme BENZYL-BABBITTTEIC ACID v Babbitubio 
hydrooWonde, b^zyl chlonde, and NaOH (W ) acid 

4 By heating benzaldebyde with rather more BENZYL-BENZENE v Di PHXNvn-ifXTHAHB. 

than an equal weight of ammonium formate , p-Di-benzyl benzene 0,oH„ % e 

the yield is 40 p 0 . of the benzaldebyde em (CgH* CHg) 2 CgH 4 [86°] Formed, together with 
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the o isoxneride and di phenyl methane, by the 
action of zinc on a mixture of benzyl ohlonde 
and benzene, or by the action of HjSO* on a 
mixture of benzene and methylal, CHc(OMe), 
(Zinoke, B 6, 119, 221, 9, 81) Transparent 
lammEe, si sol ether, v sol benzene and hot 
alcohol CrO, forms (o) dibenzoyl benzene and 
p benzoyl benzoic acia 

o Di benzyl benzene (C^Hj CH2)2C^H4 [78°] 
Bilky needles (from alcohol) , v sol ether and 
alcohol CrOj forms o di benzoyl benzene and 
o benzoyl benzoic acid 

BENZYL BENZOATE t e 

CHj 0 CO CgHj (324° iV) [21°] SG 
(duid, at 19°) 1 1224 From benzyl alcohol 
and BzCl (Kraut, A 152, 130) Formed also 
by several days’ heating of benzaldehyde at 
100° with a small quantity of sodium benzylate , 
probably the compound 0(00^117) ^ONa is 

mst formed and then decomposes into benzyl 
benzoate and sodium benzylate, which latter 
agmn reacts upon a further quantity of benzalde 
hyde, producing more of the intermediate pro 
duct, and so on Large colourless crystals 
(Claisen, B 20, 64G) 

o BENZYL BENZOIC ACID te 

C A CHj CO^H Mol w 212 '[114°] 
From o benzoyl benzoic acid and sodium amal 
gam (Rotering, J 1875, 698, B 9, 633) Slender 
needles, may be sublimed, si sol cold water, v 
sol alcohol and ether — CaA'22aq —CaA'jjS^aq 
BaA'jSi aq — AgA' — Me A' 
f7i-Benzyl«benzoic acid 
Ph CH. CflH, COjH [108°] 

Formation — 1 From exo oxy benzyl ben 
toic acid, Ph CH(OH) CO^H and cone 
HI at 170° — 2 From exo bromo m toluic acid, 
CHjBr CO^H, benzene and Al^Clg (Senff, A 
220, 247) Yield 50 p c of theoretical from 
toluic acid — 3 A small quantity from benzoic 
other, benzyl chloride, and ZnClj by boihng 
Properties — Short slender needles (from hot 
water), small plates (from hot dilute alcohol) , 
si sol cold water, m sol hot water, v e sol 
alcohol, ether or chloroform Cone H SO4 
forms a colourless solution ‘ K^CrjO, and H SO4 
give m - benzoyl - benzoic acid, — CaA'j aq — 
BaA'j4 aq — AgA' 

p BenzyLbenzoio acid 
Ph CHj CeH^ COjH [1 4] [156°] 

Formatioii — 1 Byoxidisingp benzyl toluene 
with dilute H2SO4 (Zincke, A 161, 106) — 2 By | 
reducing eoco oxy p benzyl benzoic acid with HI 
8 From p benzoyl benzoic acid and sodium- 
amalgam or HI and P (Graebe, B 8, 1054) 
Properties —Minute needles (from water), 
may be subhmed , si sol cold water, v sol 
alcohol and ether Chromic mixture oxidises 
it to j?-benzoyl benzoic acid — CaA',HA' — 
BaA'2 2aq — AgA' 

BENZYL BEOMIDE CgH^CH^Br (199°) 

S G V 1 4380 

Formation — 1 From benzyl alcohol and 
HBr (KekuU, A 137, 190) —2 From Br and 
boiling toluene (Beilstem, A 143,369, Jackson 
a Field, Am 2, 11) ~3 From benzyl chloride 
and AsBr, (Bnx, A 226, 163) 

Preparation — By the action of bromine (1 
mol ) upon cold toluene (1 mol ) in direct sun- 
ahine , the yield is quantitative (Schramm, B 
XS4 608). 


Properties — Pungentliquid. Thezmc ooppel» 
couple acts vigorously upon it, producing two 
isomeric benzylenes In presence of ether, the 
zinc copper couple produces dibenzyl, ZuBr** 
and C,H,ZnBr, whence water produces toluene • 
2C,H,ZnBr + 2Hp = 2C,Hg + ZnBr^ + Zn(0H)2. 
In presence of alcohol, the couple i produces 
toluene and EtOZnBr In presence of water, 
the couple produces dibenzyl and a little toluene 
(Gladstone a Tribe, C J 47, 448) 

BENZYL BTTTYEATE C.jH.^O, t e 
CgH, CHj 0 CO Pr (240°) S G 1 016 (Con- 
rad a Hodgkinson, A 193, 320) 

Benzyl isobutyrate Me^CH CO^ CH^Ph 
(228° 1 V ) S G 1 016 Prepared by boiling 
an alcoholic solution of benzyl cnloride and 
potassic isobutyrate for five days with inverted 
condenser The product is mixed with water 
and the oil distilled 

Propertus — Oil, wit^ pleasant odour 
Reactions — When benzvl isobutyrate (90 g ) 
IS heated with sodium (8g) a violent action 
occurs, the products being hydrogen sodio iso 
butyrate, benzylic benzyl isobuty late {qv), sodio 
benzoate toluene, and an oil (C,4H,gO)„, (340°- 
850°) The principal reaction is 

4Me,CH CO, CH Ph + Na. = 
2Me,C(CH,Ph) CO,C H, -f 2Me,CH CO Na + H, 
(W 11 Hodgkinson, C J 33, 496) 

a BENZYL ISOBUTYEIC ACID C^HiPJ i^ 
Uefi{CR^h)CO^ 

Benzyl ether {C,R,)A.' {280°-2&5°) S G 
1 0285 Prepared by the action of sodium on 
benzyl isobutyrate {q v ) 

Reactions — 1 Heated with sodium a violent 
action occurs, toluene, sodic benzoate, sodio 
benzyl isobutyrate and an oil, Cj^HjeO (350°- 
355°) being formed — 2 It is attacked by alkalis 
with great dilliculty, the saponification gives 
isobutync not benzyl isobutyric acid (W R 
Hodgkinson, C J 33, 503 , A 201, 171) 

BENZYL CAEBAMATE NH CO 0 C^H,. 
[86°] From benzyl alcohol and urea nitrate at 
140° (Campisi a Amato, B 4, 412) or solid 
cyanogen chloride (Cannizzaro, B 3,618) Large 
plates (from water) , si sol hot water, v sol 
alcohol Decomposes above 200° into benzyl 
alcohol and cyanunc acid 

BENZYL-CAEBAMIC ACID C,H,NH CO OH 
Benzyl ammonium salt 
C,H,NH CO^NH^C^H, [99°] From benzyl- 
amine and CO, Formed also by heating o amido- 
phenyl acetic acid at 260° , the yield being nearly 
the theoretical (Tiemann a Fnedlander, B 14, 
1969) Plates, sol water and alcohol, msol 
ether, volatile with steam Decomposed by 
acids or alkalis into CO, and benzylamine 

BENZYL DI CAEBOXY GLDTACONIC ACID 
V Di cabboxy olutaconic acid 

DIBENZIL-CAEBOXYLIC ACID v Dz- 

PHENYL ETHANE-CARBOXYLIC ACID 

DIBENZYL DI CAEBOXYLIC ACID v Di 

PHENYL suociNio ACID and Di phenyl ethane 

DI CARBO XYLI C ACID 

BENZYL OAEBINOL v Phenyl ethyl al 

COHOL 

BENZYL CHLOBIDE C^H^Cl i e CgH, CH,CL 
Mol w 126 6 a> Chloro toluens (178°) at 
754 mm SG 0 9458 SV 183 46 (Schiff, 
B 19, 668, A 220, 98), 188 18 (Ramsay) 



BENZYIrDI-ETHYL-AMINE 


403 


l^rmahon —1 From benzyl alcohol and HCl 
(Cannizzaro, A 88, 129 , 90, 246 , DeviUe, A 
Ch [3] 8, 178) —2 By distillmg toluene in a 
current of chlorine (Lauth a Gnmaux, Bl 
1867, 1 105) 

Preparation —By passing chlorine (1 mol) 
into cold toluene (1 mol ) exposed to direct sun- 
ehine , the^ield is nearly theoretical (Schramm, 
B 18,608) 

Properties —Oil, sol alcohol and ether 
Peactions — 1 Boilmg alcoholic KOH forms 
CjH^OLt — 2 Alcoholic KOAc forms C,HjOAc — 
8 Alcoholic KCN forma C,H,CN —4 Alcoholic 
NH, forms, on heating, mono , di , and tri 
benzylamine — 6 Hot dilute HNO3 (or a nitrate) 
forms benzoic aldehyde —6 Boiling Pb(OH)2 
fprms benzyl alcohol — 7 KOPh forms phenyl 
benzyl oxide — 8 Water at 180 gives a product 
which, on distillation, yields benzyl toluene and 
anthracene Before dis^llation the product is 
perhaps CyHj CHj CH 01 (Van Dorp, B 6, 
1070 , Zmcke, B 7, 276) — 9 Long boiling 
with water (30 vols ) produces benzyl alcohol — 
10 Sodium amalgam produces a little s di 
phenyl ethylene — 11 Aromatic hydrocarbons in 
presence of powdered zinc give off HCl and 
form condensation products (Zmcke, B 6, 
137) — 12 Chloroformic ether and sodium 

form di phenyl ethane exo carboxylic ether, 
PhCH CHPh CO^Et (Wurtz, C R 70, 350) — 
13 Heated with AL Cl^ it gives off HCl, forming 
toluene and anthracene (Perkin, jun a Hodg 
kinson, C J 37, 726) — 14 In carbon disulphide 
solution yields, when chromyl chloride is added 
gradually, a brown precipitate of composition 
PhCH^Cl, CrOjCl,, slowly converted by moist 
air into benzoic aldehyde , 

3Ph CHCl 0 Cr(OH)Cl + SH^O 
« 9HC1 + Cr.Os + CrO, + 3PhCHO 

The compound heated to 170° loses HCl, 
forming a compound PhCHClCrOjCl, which also 
yields benzoic aldehyde 

dPhCHClOCrO Cl + SH^O 
« 6HC1 + Cr^O^, -r CrO, + 3PhCHO (Etard, A Ch 
[5] 22, 235) — 16 HI reduces it to toluene — 16 
Zinc dust gives toluene, phenyl tolyl methane, 
and anthracene (Frost, Bl [2j 46, 249) 

BENZYL CHLOBO MALONIC ACID v 

ChLOKO benzyl MALONIC ACID 

BENZYL CINCHONINE v Cinchonine 
a BENZYL CINNAMIC ACID C.^H.^O^ 
C3H, CH C(CH2Ph) CO,H [157°] Formed 
by the action of alkalis on the compound 
PhS02C(CHPh)2C0;b.t (Michael a Palmer, 
Am 7, 70) Large white needles, insol water, 
sol alcohol 

p BENZYL CEESOL C^H, CHj C.HjMe OH 
(240°) at 40 mm From benzyl chloride, 
cresol, and zinc (Mazzara, O 8, 303 , 11, 

438 , 12, 264) 

Reactions — 1 Chloro - acetic acid and 
KOHAq form C,H, CH, C^HjMe 0 CH, CO,H 
[111°] — 2 (o) chloropropwnic acid forms 

CH, C,H,Me OCHMe CO H [115°] —8 CO, 
and Na forms 0,Hj CH, CaH,(OH) COjNa 

Acetyl derivative C,4H„AcO (245°) at 
40 mm 

BENZYL CBE8YL OXIDE 
CH, 0 0,H^ CHg, V Tolyl ether of Benzyl 

ALCOHOL 


BENZYL 07ANAKIDS le 

CaH, CH, NH ON [88°] Formed by passing 
CyCl mto benzylamine in ether (Stra^osoh, B 
6, 694) Plates (from ether) , insoL water, v e 
sol alcohol and ether On keepmg it changes 
to isomeric tn benzyl melamme Boilmg HCl 
forms benzyl urea 

Di-benzyl-cyanamide (OaH4CH3)2N CN [64°] 
From CyCl and dibenzylamine m alcohol (Lim- 
pncht, A 144, 317) Plates , msol water 

BENZYL CYANATE CjHjCHjNCO (176°- 
200°) Formed, together with benzyl cyanurate, 
by the action of silver cyanate on benzyl chloride 
or bromide (Letts, G J 25, 44b , Ladenburg a 
Struve, B 10, 46) Puni,°nt liquid Changes 
spontaneously into the cyanurate Alcohoho 
NH, converts it into benzyl urea 

BENZYL CYANIDE v Phenyl acetonitbile 
BENZYL CYANDEATE (CACH2),N,C803 
[157°] (above 320°) The chief product of the 
action of silver cyanate on benzyl chloride (u 
supra) , formed by isomeric change from benzyl 
cyanate Silky needles (from alcohol), insol 
water Potash fusion gives K,CO, and benzyl- 
amine 

BENZYL CYMENE C„H,o te 
C«H, CH, C«H,MePr [297°] (Mazzara, Q 8,608 . 
n08°] (Weber, J 1878, 402) SG 97 
From benzyl chloride, cymene, and zinc On 
oxidation it gives benzoyl terephthalic acid 
Benzyl-oymene disulphonio acid 
0„H.,(S03H), (M ) 

BENZYL DDEENE v Benzyl tetra methyl 

BENZENE 

BENZYLENE (C^H^), Two hydrocarbons 
of this composition are formed by the action of 
the copper zinc couple upon benzyl bromide (or 
chloride) (o) benzylene, [42 ] , 6091, is a 

yellowish red resm, si sol alcohol, v sol ether 
and benzene {$) benzylene is a brown resm, 
insol alcohol or ether (Gladstone a Tribe, C J 
47, 448) 

BENZYLENE v Benzyltdene- 
BENZYLENE-DIAMINE v Amido benzyl- 

amine 

BENZ YLENE-IMInE C,H,N t e 
/CH, 

C«HX I [1 2] Formed by reduction of 
\NH 

0 nitro benzyl chloride with SnCl, in cone HCl 
Greyish yellow powder Sol chloroform and 
acetic acid Dissolves in HCl to a red fluores- 
cent solution The salts are amorphous The 
hydrochloride forms a reddish yellow trans 
parent solid (B HCl) The platinochloride 
(B'„H,PtCl6) 18 an insoluble, amorphous, reddish- 
brown powder (Lellmann a Stickel, B 19,1611) 
BENZYL ETHER C,,H„Oie (CJlj CH5J2O 
Di benzyl ether^ Di benzyl oxide (298° 1 V ) 
S G 1 036 IX 1 6525 Formed by heating 
benzyl alcohol with B,0, at 120° (Canmzzaro, 
A 92, 115) Also by heating benzyl chloride 
with water at 190° (Limpncht, A 139, 313). 
From benzyl chloride and so^um benzylate 
(Lowe, C J 61, 700) Decomposed by heat 
mto toluene and benzoic aldehyde 

BENZYL-DI ETHYL-AMINE C„H|,N te 
CoHj CH,NEt2 (212° cor ) From benzylamme 
and EtI at 180° (Ladenburg a. Struve, B 10,47, 
561, 1152, 1634) , or from di ethyl amme and 
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beimyl Monde at 100® (V Meyer, B 10, 810. 
964) 

EthylO’todide C^, CH«NEt,I Large 
crystals, v sol water On dry distillation it 
cives tnethylamine and benzyl iodide — 
CJEL, CH, NEt3l,[87^J— (C^Hj OIL, NEt,Cl),Pt01, 
Di-benayl-ethyl-amine OigHjpN t e 
(C-H. CHi)2NEt From di benzyl amme and 
Etl (Limpncht, A 144, 315) — B'HOl 

Ethylo (OjHj CH2)2NEt2l SI sol 

cold water 

BENZYL ETHYL-BENZENE te 

C^HjCKjCsH^Et [14] Mol w 196 (295° 

1 V ) S G 99 From benzyl chloride, ethyl 
benzene, and zinc (Walker, B 5, 686) or tTovo-p 
ethyl benzophenone, HLl, and P (Sollsoher, B 
15, 1682) Oxidation gives p benzoyl benzoic 
acid 

BENZYL ETHYL OXIDE v Benzyl alcohol 
BENZYL ETHYL KETONE C,oH,20 te 
C,H,CH2.C0C2H3 Mol w 148 (c 226^) 
S G IL? 1 00 From phenyl acetic chloride and 
ZnEt, (Popofif, B 5, 501) Does not combine 
with NaHSOg Oxidised byOrO, to benzoic and 
propionic acids 

BENZYL ^ - ETHYLPHENYL - CAEBINOL 

CA CH2.CH(0H) C«H, C a [1 4] (350°) 

Liqmd Formed by beating benzyl ethylphenyl 
ketone with alcohohc KOH at 160° Boiled with 
dilute £[280* It gives phenyl ethylphenyl ethyl 
ene (Sbllsoher, B 15, 1681) 

BENZYL ETHYLPHENYL p - KETONE 
CjHj CH* CO OjHj [1 4] Ethyl-deaoxyhen- 
eOin [64°] Prepared by the action of AljClg on 
a mixtore of ethyl benzene and phenyl acetyl 
chloride (Sdllscher, B 15, 1680) Boils unde 
composed V D 8 03 (obs ) Small plates 
Sol ether, benzene, and hot alcohol, si sol cold 
alcohol On oxidation it gives terephthalio 
acid On redaction it gives phenyl ethylphenyl 

ethane 

BENZYL . ETHYLPHENYL - METHANE v 
Phenyl ethylphenyl-ethane 

BENZYL DI ETHYL SULPHINE Platino- 
chloride (OA^Hj 8Et20I)2PtCl, From Etl 
and di benzyl sulphide, thefjroduct being treated 
with AgCl and PtCl^ successively (Schdller, B 
7. 1274) 

DI-BENZYL-ETHYL pseudo THIODBEA 
CjAoNaS te C2H SC(NH2)NH Formed by 
heatmg di benzyl thiourea with ethyl iodide 
at 100° Oil 

Salts — B'BCI [93°J, monoclinio pnsms , 
T sol alcohol, b1 sol water — B A8O4 large 
foursided rhombic soluble tables — B'2H2PtCl, 
fiiie needles (Reimarus, B 19, 2349) 

BENZYL-FLDOBENE i e 

CJH,CHrCA<^^> [102»] Formed by heat- 

mg floorene with benzyl chlonde and zmc dust 
(Goldsohiniedt, M 2, 443) Plates (from alco 
hoi) 

BEVZYL-EOBX-ALDEBnBE v Phbntl- 

aOBTXO IZiDXHYDB 

DI BENZYL-OLYCOLLIC ACID 

Oxatoluic acid a-Oxy~ 
duphenyir-ieo-butync acid [167°] 

Formahon — 1 From the niMe and oono 
Hd at I4a°-160° (Spiegel, A 219, 46 , B 18, 
2219, 14, 1687) —2 By boilmg vulpio acid 
«) with aqoeotza KOH. C|AA+6H,0 


-CH,O + 20O, + C,aH,A (M5ller a Strecker, 
A 118,56) 

Bhombic pnsms (from alcohol) ahc» 
5113 1 8058 Fluffy mass of needles (from 
benzene) Salt — AgA' 

Reactions — 1 HNO, gives a viscid nitro 
acid (Moller a Strecker) —2 Cone aqueous 
KOH gives toluene and oxalic acid ofl boiling — 
3 Treated with PCI3 and HjO successively a 
monophosphate, C„H,gO,POgH2, crystallising 
in prisms, [160°] is formed 

Acetyl derivativ 6 [106°] Plates m 

rosettes (from CHCl, mixed with petroleum) 
Methyl ether lAeh! [71°] , needles 
Anhydride CjgHnOj [169°] Got by 
heatmg the acetyl derivative Prisms (from 
benzene) V sol alcohol and ether Na^CO, Aq 
converts it into sodium di benzyl glycollate 
2^i<rtZe(CACH2)C(OH)CN [ll-i°j From 
di benzyl ketone, KCy and HCl Colourless 
flat rhombs (from alcohol) At 113° it splits 
up into HCN and di benzyl ketone 

Amide [19d°] From the nitrile and oono. 
HCl at 125° Fluffy mass of long needles 

BENZYL - GLYOXALINE C,H,(C,H:)N2. 
[71°] (310°) Formed by the action of benzyl 

chloride on glyoxahne (Wallach, B 16, 539) 
Colourless crystals Si sol ether, insol cold 
water — B' A<^yPtCl4 yellow pp , msol oold 

DI-BENZYL-GUANIDINE C„H,A t«. 
(CA CH2NH)2C NH [100°] Formed by boil 
mg benzylanune hydrochloride with benzyl 
cyanamide in alcohol (Sirakosch, B 5, 695) — 
Laminae (from alcohol) Sol water, alcohol, 
and ether — B'HCl [176°] 

BENZYL HYDEOXYLAMINE v Hydboxti.- 

AMINE 

BENZYLIDENE The radicle CgH^ CH, also 
called benzal or henzylene The latter name 
IS more appropriate to the isomeno radicle 
CgH, CH2 

BENZYLIDENE DI-ACETAMIDE 

Ci.H.gN^Oj i e C ACH(NH CO CH3)2. Formed 
by boiling acetamide with benzoic aldehyde 
(Both, A 154, 72 , Z [2] 4, 650 , 6, 680) 
Silky crystals, si sol cold water and ether 
Not affected by boihng KOHAq but decomposed 
by hot HClAq into benzoic aldehyde and NHaAc 
BENZYLIDENE DI ACETATE C.jH^O, %e 
CHPh(OAc)2. JChrOcetyl benzoic ortho-aldehyde 
[45°] From benzoic aldehyde and Ac^ or 
from benzyhdene chloride and AgOAo (Geuther, 
A 106, 251 , Wicke, A 102, 868 , Hiibner, Z 
1867, 277 , Neuhof, A 146, 323 , Limpncht, 
A 139, 321 , Perkin, Z 1868, 172) 

BENZYLIDENE ACETIC ACID v Cimnamio 
jLcn> 

Bensylidene di-aoetio aeld v Phenyl olu 

TABIO Acm 

BENZYLIDENE AOETO- ACETIC ACID v 

p 24 

BENZYLIDENE DI-ACETO ACETIC ETHEB 
0.A.0.<4! O.H, CH{0H OH(OO.Et) CO OH.l,(?) 
[158°] Formed together with dehydro oenzyl- 
idene - di - aoetoacetio ether C,,H 220 j, by the 
action of benzoic aldehyde (1 mol ) upon aoeto- 
aoetio ether (2 mola ) in presence of a primary 
amine Long white needles SI sol oold ftloo* 
hoi and ether (Hantzsoh, B 18, 2588). 
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Debydro beniylideae di aoetoaoeUo - ether 

Ph 

O.AaO. possibly EtCO,-O-CH-0-OO^t 
MeO— 0 — CMe 

[88°] Formed as described above Glistening 
prisms V sol cold or hot solvents (Hantzsch, 
B 18, 25m) 

BEKZYLIDENE DI ACETONAMINE r p 27 
BENZYLIDENE ACETONE 0,oH,„0 t e 

Ph CH CH CO CHg Ace to cinnamone Methyl 
Btyryl ketcme [42°] (152'=) at 25 mm (261° 
i V ) at 760 mm 

Formation — 1 From benzoic aldehyde, 
acetone and a little ZnClj at 260° (Claisen a 
ClaparMe, B 14, 2461) ~ 2 By heating a mix 
ture of calcium acetate with calcium cmnamate , 
Also m small quantity by heating cmnamic aide 
hyde with Na and Mel at 130°, or by boiling 
cmnamic aldehyde with MeOH and ZnClj 
(Engler a Lels^^JB 6 2!)4) 

Preparation — From benzoic aldehyde (20 g ), 
acetone (40 g), water (1800 cc) and aqueous 
(^10 p c ) NaOH (20 g ) in the cold After four 
days the oil that has separated is extracted with 
ether, dried over CaClj and rectified tn vacuo 


{v p 27) with sodictm amalgam.— BHOl . small 
crystals, easily soluble m water and alcohol 

(Fischer, B 16, 2236) 

BENZYLIDENE DI^CETOITINS v p 84 
BENZYLIDENE - AOETOPBOENONE 
OjH, CH CH CO OaH, Phenyl siyryl ketone^ 
Phenyl cinnamenyl ketone Benzyltdene methyl 
phenyl ketone Benzol acetophenone [68°] 
(345°-348°) Formed by passing HCl gas into 
a mixture of acetophenone and benzaldehyde , 
by adding H^SO^ to the two latter bodies di- 
luted with acetic acid , by heatmg them with 
acetic anhydride to 170° , or by treating them 
with dilute NaOH (Claisen a Clapar^de, B 14, 
2463 , Claisen a Ponder, A 223, 148) 

Preparation — 12 pts of acetophenone are 
mixed with 10 5 pts of benzaldehyde and 3 pts 
of a 20 p c sodium methylate solution, and 
allowed to remain m the cold for a few days 
when the whole will have solidified to a crystal 
line mass , the yield is 90 p c of the theoretical 
(Claisen, B 20, 667) Large trimetric tables 
V sol chloroform, ether, benzene and CSj, m 
sol alcohol, si sol petroleum ether On oxida- 
tion it gives benzoyl formic and benzoic acids 
On boihng with dilute acids it is decomposed 


(Claisen a Ponder, A 223, 138) into acetophenone and benzaldehyde By re- 

Properties — Plates, apparently rectangular duction with HI and P it is converted mto di 
It has an odour of coumarm and rhubarb and benzyl methane The HCl addition product 
attacks the skin Easily soluble in alcohol, C^H, CO CHCl CH2 CgH^ [120°] forms colourless 
ethef, benzene, and chloroform, less in petro trimetric plates, sparingly soluble m cold alco 
leum ether In cone H2SO4 it forms an orange hoi and ether It is prepared by the addition of 
solution Forms a crystalline compound with gaseous HCl to the ketone The d% bromide 
NaHSO,, and a di bromide 0,pH,oOBrj [125°] CjHj CO CHBr CHBr C^Hj [157°] forms short 
crystallising m needles from alcohol colourless prisms sol hot alcohol Prepared 

Phenyl hydrazide C,gH,8Nj [156°], by the addition of bromine to the ketone 
flat yellow needles , sol hot alcohol, si sol cold BENZYLIDENE /S • ACETYL - PKOPIONIO 
alcohol and ether, insol water (Fischer, B 17, ACID CjjHjjO, i e CHPh CH^CO CH^ CH^-COgH 
576 , Knorr, B 20, 1099) Benzyli^ne T^vulic acid Cinnamoyl propwnia 

Oxim Ph CH CH C(NOH) CH, [116°] acid [120°-125°] Formed by heatmg lavulio 
(220°) at 100 mm Forms a bromide, [145°] , acid with benzoic aldehyde and sodium acetate 
and an acetyl derivative [91°] (Zelinsky, B Small white crystals The lead salt is insoluble 
20, 922) Dissolves in cold cone HjSO, with a red colour- 

Di benzylidine acetone ation Boiling cone KOH sphts off benzalde- 

PhCH CH CO CH CH Ph Cinnamone Di- hyde Beduction m alkalme solution yields 
siyryl ketone [112°] benzyl valero lactone which forms large 

Formation — From benzoic aldehyde (20 pts ), prisms of meltmg pomt [85°] (Erdmann, B 18, 
acetone (6 pts ), and acetic acid (40 pts ), by 3441) 

adding HjSO^ (30 pts ) at 0° or passmg m HCl BENZYLIDENE-I80AMYL AMINE An oil 
Preparation —From benzoic aldehyde (lOg ), formed from benzoic aldehyde and isoamyl- 
acetone (3 g ), water (100 g ) and dilute (10 per amine (Schiflf, A 140, 93) 
cent ) NaOH (20 g) left 4 days in the cold , or BENZYLIDENE DI ISOAMYL DI OXIDE 
from benzyhdene acetone (7 g ), benzoic aldehyde CeHjCH(OOaH,i)j f292° cor ) From benzyl- 
(5 g), water (200 g ), alcohol (150 g) and dilute idene chloride and NaOOjH,, (Wicke, A 102, 
NaOH (20 g) (Claisen a Ponder, A 223, 142, 363) 

cf Claisen a Clapar5de, B 14, 350, 2460, BENZYLIDENE - ANILINE %e 

Schmidt, B 14, 1459) C^Hj CH NPh Anilide of benzoic aldehyde. 

Properties — Bright yellow monochnic tablets [49°] (Tiemann a Piest, B 16, 2028) 

(from acetone or CHCl,) a 6 c «= 4 886 1 1 378 Formation — 1 By warming amlme with 
^ »» 78° 43' Eeadily soluble in chloroform or benzoic aldehyde (Laurent a Gerhardt, Compt 
acetone, less in ether or cold alcohol Gives chim 1850, 117) — 2 By heatmg di phenyl- 
an orange solution in H^SO^ thio-urea with benzoic aldehyde (Sohiff, A 148, 

Tetrabromide C,7H,40Br4 white needles 886) 

[208°-211°] Properties — Laminss , volatile with steam, 

BENZYLIDENE DIACETONE ALCAMINE insol water, v e sol alcohol and ether At 
H^C — CH(OH) — CH, 200° it changes to an isomende which differs 

OisH,«NO te I I (?) from it in forming a salt B'^ByPtCl, 

(C,H4)H0 — NH — C(CH,), Mydrocyanide [B2°] Formed 

Oxy phenyl dn-metJwl tetra hydro pyi^tne by passmg HON mto fusea benzyhdene-anilme, 
Thick cmourlesB oil Formed by reduction of or by the action of EGN on a muttore of benzoic 
an acid solution of benzyhdene di aoetonamine aldehyde and anihne hydroohlonde dibselvad 
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in alooliol (Cecil:, B 11, 246) It forms con- 
oentno needles, msol alkalis and dilute acids 
BBNZXXIDENE-DI ANTIPTEINE v Di oxx- 

VETBA IIBTHTL DI QUINIZYL PHENYL METEUINE 

DI-BENZYLIDENE BENZIDINE 

% e 0.^s(N CHPh)j [232°] (0 ) , [239°] (B ) 
Obtained by heating hydrazo benzene or nen 
sene azo benzene with benzoic aldehyde and 
ZnClj (Cl^ve, Bl [2] 45, 188 , Barzilovsky, J E 
1885, 866) Yellow scales (from benzene and 
chloroform) Besolved by HCl into benzoic 
aldehyde and benzidine 

BENZTLIDENE DI BENZAMIDE 
C2,H„N A ^ « CA CH(NH 00 C,Ha)2 [197°] 
Formed by heating benzoic aldehyde with benz 
amide (Roth, A 154, 76) Long silky needles 
(from alcohol), insol water Resolved by hot 
HClAq into the parent substances 
BENZTLIDENE DI BENZOATE 
CflHs CH(0 Bz)2 From benzylidene chloride 
and AgOBz (Engelhardt, J 18o7, 471) Crys 
talhne 

BENZYLIDENE BENZYL AMINE 

CA CH N GHj-CeHs (c 300°) Formed by the 
action of PCI, upon di benzyl hydroxylainine, 
probably by intermediate formation of the chlo 
nde (C«H, CH ) N Cl Oil V sol alcohol and 
ether, msol water 

Salts — B'HCl [251°] , long plates or 

tables , V sol alcohol, sparingly in cold water, 
more readily m hot — B'jH^PtClg* small 
golden yellow crystals (Walder, B 19, 1632) 
BENZYLIDENE BROMIDE O.H.Br, te 
CgHj CELBrj Bensal bromide « Di bromo 
toluene (130°-140°) at 20 mm From benzoic 
aldehyde and PBr^ Can only be distilled tn 
vacuo Sodium at 180^ forms toluene and di 
benzyl (Miohaelson a Lippmann, Bl [2] 4, 
251) 

BENZYLIDENE BROMIDE BENZOATE 
C..H.,BrO, PO”] 

Colourless tables or pnsms Sol alcohol, ether, 
and acetic acid Prepared by mixing benzalde 
hyde and benzoyl bromide On distillation it 
agam decomposes into these bodies (Claisen, B 
14, 2475 , cf Liebig a Wohler, A 3, 266) 
BENZYLIDENE DI BUTYRAMIDE 
OjAAOste CA CH(NH CO C A)2 Slender 
crystals formed by heating butyramide with 
benzoic aldehyde (Strecker, A 154, 76) 
BENZYLIDENE DI CARBAMIC ACID 
C^H.CHfNH CO^H)^ 

Ethyl ether EtjA" [171°] From carba 
mio ether, benzoic aldehyde, and HCl (Bischoff, 
B 7, 634) Crystals , may be sublimed 

Propyl ether Pr^A" [143°] (Bischoff, B 7, 
1082) 

BENZYLIDENE CHLORAL AMMONIA 

CAC1,N0 % e CCl, CH(OH)N CH C.H, [130°] 
"V^ite leaflets Decomposed by dilute acids 
and by boihng water Prepared by the action 
of benzoic aldehyde on chloral ammonia (Schiff, 
B 11, 2166) 

BENZlrUDENE CHLORIDE C,H,01a te 
CA CHOlj. Bernal chloride Chlorobemol 
Beneylene chloride Mol w 161 (204°) at 

766 mm. S G § 1 27 S V 154 25 (^hiff, B 
19, 563) 

Formation — 1 Prom benzoic aldehyde and 
m, (Oahours, A 70,89, Suppl 2, 258, 806) 


2 By passing chlorine into boiling toluene 
(Beilstem, A 116, 336, 146, 322, Lauth s 
Grimaux, Bl 2, 847) — 8 From benzoic alde- 
hyde and Buccmyl cMoride (Rembold, A 188, 
189) or COOI2 (Kempf, Z 1871, 79) 

Preparation — 1 By passing 2 mols of 
chlorine into cold toluene (1 mol ) exposed to 
direct sunshine (Schramm, B 18, 6€8) — 2 By 
heatmg toluene (7 pts ) with PCI, (80 pts ) at 
190°, the yield being nearly that calculated 
(Colson a Gautier, Bl [2] 45, 87) 

Properties — Oil, with faint odour 
Reactions —1 Converted into benzoic aide 
hyde by water or aqueous K^CO, at 130°, or by 
warming with H2SO4 at 50^ and treating the 
product with water (Oppenheim, B 2, 213) — 
2 Alcoholic KHS forms benzyl disulphide and 
di thio benzoic acid —3 Red hot soda lime 
forms benzene (Limpricht, Bl 1866, 11 467) — 

4 Chlorine forms p ch^oro benzylidene chloride 

5 Nitrir acid forms p nitro Denzylidene chlo 
ride (Hubner a Bente, R 6, 803, cf Beilstoin, 
A 14b, 333) — 6 AgOAc forms C^H^j CH(OAc)j 
7 Silver oxalate forms benzoic aldehvde (Go 
lowkmsky, A 111, 252) — 8 Na forms di phenyl 
ethylene —9 Mel and Na form cumene — 
10 NH3 forms hydrobenzamide — 11 ZnEt, 
diluted with benzene forms C,,H„ di ethyl 
phenyl methane and C^Hj, (Dafert, M 4, 618) 
12 Copper at 100° gives CPhClj CPhCl, and 
CPhHCl CPhHCl (Onufrowicz, B 17, 833) 

BENZYLIDENE - DI . CHLORO CHROMIC 
ACID V Toluene 

DI BENZYLIDENE. ETHYLENE DIAMINE 

C„H, A I e C2H4(N CH C.HJ^ [54°] Formed 
by heatmg ethylene diamine (1 mol ) with ben 
zoic aldehyde (2 mols ) to 120° Large colour 
less tables V sol alcohol and benzene, msol 
water Decomposed into its constituents by 
acids (Mason B 20, 270) 

BENZYLIDENE ETHYLENE DI SULPHIDE 
.S CHj 

C,H, CH^ I [29°] Formed by passing 
\S CH, 

HCl gas into a mixture of equal mols of benz- 
aldehyde and ethylene sulphydrate Crystals 
Easily soluble m alcohol, ether, and benzene, 
insoluble m water Very stable body By the 
action of bromine upon the chloroform solution 

q 

di-ethylene tetra sulphide C2H4«C^g^^C2H, is 

formed (Fasbender, B 20, 460) 

BENZYLIDENE DI ETHYL DI OXIDE 
CjH CH(OEt)2 (222° cor ) Diethyl derivative of 
benzoic ortho aldehyde From benzyhdene chlo 
ride and NaOEt (Wioke, A 102, 363) 

BENZYLIDENE DI HEPTYLENE TETRA 
UREA G2»H44N804 i e 

OA CH(NH CO NH C H,^ NH CO NH2)2 
From benzoic aldehyde and heptylene diurea 
(Schiff, A 151, 195) Insoluble powder 
BENZYLIDENE MALONIC ACID 
Ph CH C(C02H)2 [196°] (C ) , [193°] (S ) 
Formation — 1 From the ether by aqueous 
baryta — 2 From benzoic aldehyde, malonio acid 
and ACjO at 100° (Claisen a Crismer, A 218, 
136) — 3 From benzoic aldehyde, sodic malon 
ate, and glacial acetic acid at the ordinary tern 
perature Ph OHO + CH2(C02Na)2 — 

PhCH C(C02Na)3 + H20 

The product u diluted with wal^r, shaken oat 
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with ethor, acidified, shaken again with ether 
and the ether distilled off (Stuart, C J 43, 405 , 
V also Claisen, A 218, 129) 

Promrties — Colourless glassy pnsms SL 
sol cold water, v e sol hot water, v sol alcohol, 
acetic ether or acetone, m sol ether or glacial 
acetic acid Insol benzene, chloroform or 
petroleum * Does not give in neutral solutions 
a pp with BaClj , but on warmmg such a mix 
ture needles of the salt BaA" separate (charac- 
teristic reaction) 

Salt-Ag,A" 

Reactions — 1 At 200® it splits up- into CO^ 
and cinnamic acid — 2 Boiling water decom 
poses it into benzoic aldehyde and malonic acid, 
some COj and cinnamic acid being also formed 
3, Reduced by sodium amalgam to benzyl 
malonic acid Ph CHj CH((X)^H)2 — i Bromine 
acts on its solution in chloroform forming 
PhCHBr CBr(C^mi)2 [96*] whence water forms 
a bromo cinnamic acid (Stuart, C J 49, 360) — 
5 Cold alcoholic potash forms crystals of 
Ph CH(0Et)CH(C02K)2, whence a silver salt, 
PhCH(OEt)CH(CO^Ag)2 may be got The free 
acid, if heated rapidly, melts at 120°-130°, split 
ting up into EtOH and benzylidene malonic acid, 
which then, solidifies again, and melts a second 
time at 190° By crystallisation from water the 
acid 13 partly split up into alcohol and benzyl 
idene^nalonic acid — 6 HBr forms /3 bromo 
phenyl isosuccinic acid Ph GHBr CH{CO H)2, 
which is decomposed by water into HBr, cm 
namic acid and COj (Stuart, C? J 49, 360) 
Ethyl ether Et, A." [32°] (192°) at 17mm 
S G 1 111 Formed by passing HCl into a 
mixture of malonic ether and benzoic aldehyde 
or by treating the mixture with Ac 0 at 160° 
(Claisen, B 14, 348) Large transparent crys 
tals (Stuart, C J 49, 360) Boils at 308°-312° 
with decomposition 

BENZYLIDENE MESITYL OXIDE C,jH„0 
i e (CH3)2C CH CO CH CH C«H, (179°) at 14 
mm Oil Prepared by passing HCl gas into a mix 
ture of mesityl oxide and benzaldehyde (Claisen, 
B 14, 351) Forms a tetrabromide [118°] 
BENZYLIDENE METHYL KETOLEC^ H.„N2 
[248°] Colourless plates Formed by reduction 
of dimethyl rosindole C^jHaoNj with zinc dust 
and NHg It is oxidised in acetic acid solution 
by FoaClj back to di methyl rosindole (Fischer 
a Wagner, B 20, 816) 

BENZYLIDENE DI METHYL DI OXIDE 
CjH3CH(OMe)2 Di methyl derivative of benzoic 
orthoaldehyde (208° cor ) From benzyhdene 
chloride and NaOMe (Wicke, A 102, 363) 

BENZYLIDENE DI METHYL p PHENYL 
ENE DIAMINE C.Hg CH N CeH, NMcj BmzyU 
idene - atmdo - di methyl aniline Methyl 
phenylene-dianvide of benzoic aldehyde [98°] 
Glistening plates or needles Sol hot alcohol 
and benzene, si sol cold alcohol Weak base 
Formed by mixmg benzoic aldehyde and u di 
methyl p phenylene diamine, either directly or 
in alcoholic solution By HCl it is split up into 
its generators — B"HgClj white solid (Calm, B 
17, 2940) 

BENZYLIDENE- (Pv 8) METHYL-QDINOL- 
INE 0„H„Ntfl 

< CH OH 

I 

N , a-CH-.CH0A(?) [100°] Formed 
VoL I 


by heatmg quinaldme (methyl qmUoline) with 
benzoic aldehyde or benzyhdene chloride a^d 
ZnClj (Jacobsen a Reimer, B 16, 2606) Glis 
tening colourless needles Sublimable Sol hot 
alcohol, insol water — D'H^CrgO, 2^aq very 
sparingly soluble reddish yellow needles 

BENZYLIDENE - {$) NAPHTHYLAMINK 
C3H4 CH.N C,oHy [103°] From benzoic aldehyde 
and iB\ naphthylamine (Claisen, A 237, 261) 
BENZYLIDENE - (o) NAPHTHYLABUNE p- 
SDLPHONiaACID G,oH„(N CILCA) S03H[1 41 
The sodium salt (A'Na) is obtained by shaking 
a strong solution of 8odium»-(a) naphthylamme 
sulphonate with benzaldehyde By long boiling 
with water it is split up mto its- constituents 
(Cahn a Lange, B 20, 2001) 

BENZYLIDENE DI (/8) NAPHTHYL OXIDE 

CgHj CH<^Q*®y*_]>0 Anhydride of di-oxy di 

naphthyl phenyl methane [190°] Crystalline 
solid Insoluble in aqueous alkalis 

Formation — 1 By heating a solution of 
(/8) naphthol and benzoic aldehyde in acetic acid 
to 200°, or with addition of H SO, or HCl on 
the water bath (Trzcinski, B 17, 499) — 2 By 
warming benzylidene di naphthyl di - oxide 
C„Hj CH(0 C„,H,) with acetic acid and a few 
drops of HCl In these reactions di oxy di 
naphthyl phenyl methane C^Hj CH(C,oHg OH)^ 
must first bo formed and at once split off H^O 
(Claisen, B 19, 3317) 

Benzyhdene di-(3)-naphthyl di-oxide 
C27H ic C^Hj CH(OC,oH 7)2 Di naphthyl 
ortho benzaldehyde [205°] From benzoic 
aldehyde (5 3 pts ), (3) naphthol (7 2 pts ), 
glacial HOAo (30 pts ), and fuming HOI (2 pts ) 
at 0° (Claisen, A 237, 269) Tables, si soL 
CHCI3 and CSg, v si sol alcohol and ether, 
insol alkalis Cone H SO^ gives, on gentle 
warming, a deep red solution HOAc and some 
HCl slowly convert it at 100° into benzylidene 
di naphthyl oxide, a change which also occurs 
when it 18 heated at 210° 

BENZYLIDENE OXAMIDE 
Formed by waiming oxamic ether with benzoic 
aldehyde (Medreus, An 157, 60) Laminse 

BENZYLIDENE - PHENYL DIAMINE v 
Phentl-benzamidine 

DI BENZYLIDENE p-PHENYLENE DI 
AMINE CoH,8N2 C8H,(NCHPh)2 [140°] 
From p-phenylene diamine and benzoic aide 
hyde at 120° (Ladenburg, B 11, 690) Plates 
(from alcohol) Resolved by hot HOlAq into 
the parent substances 

BENZYLIDENE PHTHAL-ETHYL IMIDINE 
C„H„ON,.« Ethyl 

phthalimyl benzyl [c 77°] Formed by boiling 
the ethyl amide of deoxybenzoin o oarboxylio 
acid OeH^(COJlHLt)CO CHg C^Hj with acetio 
acid Plates V sol alcohol, benzene, benzoUne, 
and CS2 iGabriel, B 18, 2433) 

BENZYLIDENE PHIHALIDE te, 

phthalyl Anhydride of deoxybenzoin carboxylic 
acid 

Formation —1 By heating phthaho anhy- 
dnde (6 pts ) with phenyl acetic acid (6 pta ) and 
NaOAo (1 pt ) (Gabriel a Michael, B. 11, 1018)^ 

XK 
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9 By heating pbthalyl phenyl aoetio acid 
vaciio (Oabnel, B 17, 2526) 

Preparation — A nuxture of 100 g phenyl- 
aoetic acid, 110 g phthalic anhydride and 2^ g 
dry sodium acetate is heated for 2 hours, and the 
product crystallised from alcohol , the yield is 
75-78 p c (Gabriel, B 18, 8470) 

Properties — Long prisms (from alcohol) , 
insol water, si sol cold alcohol 

Reactions — 1 Hot aqueous KOH forms 
potassium deoxybenzom carboxylate — 2 By 
heating with alcoholic NH, at 100° it is con 
verted into deoxybenzom - carboxylamide 

solution in H,SO, 

or by boiling with glacial acetic acid loses H^O 
giving benzylidene phthalimidine (phthaliimdyl 

benzyl) —8 Simi- 

larly ethyl amine yields the ethyl amide of de 
oxybenzoin carboxylic acid, and this on boiling 
vrith aoetio acid gives benzylidene phthal ethyl 

imidine ™ (Gabriel, B 

18, 2433) — 4 By dissolving in benzene and 
treatment with nitroiis acid gas it yields 

thecompoundC.H.<C(NOJ (CH(NO,) OA)^o 

(Gabriel, B 18, 1261) 

References — V Cyano and Niteo benzyl 

IDENE PHTHALIDF 

Benzyhdene-phthal ide-di-bromide 

[146°] Formed 

by the combination of benzylidene phthalide with 
bromine (Gabriel, B 17, 2527) Thick glisten 
mg pnsms Sparingly soluble m alcohol 

{Iso) Benzylidene - phthalide %e 

.CH C C«H. 

I [91°] Formed by reduction 

\coo 

of nitro benzylidene phthalide 

pared by reduction of mtro benzylidene 
phthahde , yield, 47 p o < of the phenyl acetic 
acid employed to prepare the benzyhdene 
phthalide (Gabriel, B 18, 3471) Flat colourless 
needles Easily soluble in alcohol and benzene, 
sparingly in ligroin By further reduction with 
HI and P at 200° it yields s di phenyl ethane 
o carboxylic acid CH CHj C<,H, CO^H 

By boiling with aqueous NaOH it is converted 
into deoxybenzom - o carboxylic acid 
CflH4(C02H) CH^CO CgHj Heated with alcoholic 
NH, it gives isobenzyhdene phthalimidine 
>CH C CflHj 

C.HX I (Gabnel, B 18, 2445) 

'CO NH 

BENZYLIDENE-PHTHAL-IMIDINE 
C ;=CH CjHj 

C„H„ONte . PhthaU 

tmxd/yl-henzyl [183°] Yellow plates Formed 
from the amide of deoxy benzoin o carboxyhc 
acid CaH4(CO NHj) CO CH^ CgHj by solution m 
H2SO4 or by boiling with acetic acid (Gabriel, 
B 18, 2433) V also Beomo and Niteo benzyl* 

iDENE PHTHALIMIDINE 

Isobenzylidene-phthalimidine V (Py 4) Oxx- 
{Py 2) PHENYL ISOQUINOLUIB 


BEHZYLIBENE BI PIPEBIBINE 

OgHj CH(C4H,oN)g [81°] Formed by heating 
piperidine with benzoic aldehyde Colourless 
pnsms Very unstable, being decomposed even by 
boihng with water Dilute acids resolve it into 
benzoic aldehyae andpiperidme(Laun, B 17, 678) 
BENZYLIBENE-KHODANIC ACID 
C,oH,NS,0 i e CJi, CH C(SH) CO STCN [200°] 
Formed by the action of benzoic aldehyde upon 
rhodanic acid in presence of dehydrating agents 
(Nencki, B 17, 2278) Yellow needles, sol 
water By heating with baryta water it is 
split up into a sulphydro cinnamic acid 
CflHj CH C(SH) COjH and hydrogen sulpho 
cyanide Heated at 410° with cone H^SO^ 
(4 pts ) it is converted into benzylidene rhodanic- 
oxy sulphonic acid CioH^NSP^ (Gmsburg « 
Bondzynski, B 19 119) 

BENZYLIDENE RHODANIC OXY SDLPHO 
NIC ACID C,oH,NSA Fe -Jied by heating 
benzylidene rhodanic acid with cone H^S04 (4 
pts ) at 110° Needles V sol water and 
alcohol Very strong acid (Gmsburg a Bond 
zynski, B 19, 119) 

BENZYLIDENE EOSANILINE C^^HjjN, 
From rosaniline and benzoic aldehyde by heat 
or by shaking with SOjAq (Schiff, A 140, 111 , 
Z 1867, 176) — B'^H^PtCl^ 

BENZYLIDENE SELENIDE C^CHSo 
Seleno benzoic aldehyde [70°] From b3n/yl 
idene chloride and alcohol ^Se (Cole, B 8, 
1165) Yellow needles (from alcohol), insol 
water Not attacked by NHj 

BENZYLIDENE DI SKATOLE C^.H^N^ i e 
PhCH(C,HHN), [142°] From skatole (2^ pts 1, 
benzoic aldehyde (1 pt ) and a httle ZnCl, 
(Wenzing, A 239, 241) Insol water, v sol 
hot alcohol and ether Boihng HCl does not 
split off benzoic aldehyde 

BENZYLIDENE SULPHIDE v Tmo benzoio 

ALDEHYDE 

BENZYLIDENE THIO BIUEET C,H,N,S,ie 
C,H,CH<]][|®g|>NH(?) [237°] Formed 

by heating benzoio aldehyde with ammonium 
sulphocyanide at 137°-165° (Brodsky, M 8, 27) 
Minute pnsms (from alcohol) , insol water, si 
sol cold alcohol , sol dilute KOH Boiling 
baryta water forms benzoic aldehyde, barium 
sulphocyanide, and di phenyl thio urea 

Acetyl derivative CyH^c^NjSj [189°] 
BENZYLIDENE 0 TOLUIDINE C,4H„N le 
C«H, CH N C„H4 CHg [12] Benzaldchyde o 
toluide (314°) From 0 toluidine and benzoio 
aldehyde (Etard, C R 95, 730) Resolved by 
boihng water mto its generators By passing 
through a tube heated to dull redness it is con 

pXT 

verted into phenyl indole 

(Pictet, B 19, 1063) 

Benzyhdene>p toluidine 

C^Hj CH N C«H4 CH, [1 4] From benzoic alde- 
hyde and p toluidine at 100° (Sohiff A 140, 96 , 
Kohler, A 241, 359, Mazzara, O 10, 870) 
Melts below 100°, but changes at 160° mto an 
tsomeride [120°-126°] — B'JH.^tCl, 

DI BENZYLIDENE TOLYLENE-DIAMINE 
Cj,Hj,N 2 le C«H,Me(N CHPh)2 [12 4] [122°- 
128°] From benzoic aldehyde and tolylene 
dianune at 100° (Schiff, A 140, 98) Neutral 
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eiyatalline mass , at 140°-160° it gives ama- 
rine 

BKNZYLIDEKE DI TTEEA t e 

C^Hj OH(NH 00 NHJa • Benzaldehyde di urelde 
[195°] Formed by adding benzoic aldehyde to 
an alcoholic solution of urea (SchifP, A 151, 192) 
Crystalline* powder, insol water and ether, sol 
alcohol 

Di benzylidene tri urea C,,H oNgOg Powder, 
formed by heating urea with ben/oic aldehyde 

Tn benzylidene tetra urea NhO, 
fc 240°] Powder, formed by heating benzyl 
idene di urea with benzoic aldehyde 

BENZYLIDENE DI UEETHANE v Benzyl 

IDENE DI CAKBAMIC ACID 

BENZYL-INDOLE C.jHjjN % e 

^CH [44 5°] From its car 

boxvlic acid (2^) by beat Yellowish needles 
(from alcohol) ^Ksol bdhzene, light petroleum, 
chloroform and ether Turns pine wood mois 
tened with HCl yellow Picrate forms red needles 

BENZYL-INDOLE CAKBOXYLIC ACID 

C„H„NO, te >C CO,H [195°, 

With decomposition] Pyruvic acid combines 

at 16° with benzyl phenyl hydrazine, forming 
C(CO H) N NPhC,H; whence HCl at 100° 
forms benzyl mdol carboxylic acid (Antrick, A 
227, dh2) 

Properties — Colourless needles (from glacial 
acetic acid) SI sol water, chloroform, and 
petroleum, sol ether and alcohol, v si sol 
benzene Converted by heat into CO^ and 
benzyl indole 

BENZYL IODIDE C,H,I %e C.H. CH^I 
[24°] S G M 1 73 

Foi'^imiion — 1 From benzyl alcohol m CS2 
and iodide of phosphorus — 2 Slowly formed 
by the action of cold HI (SGI 90) on benzyl 
chloride (Lieben, Z [2] 6, 710) — 3 From 
benzyl chloride and KI (V Meyer, B 10, 
311 , Kumpf, A 224, 120), Znlj, or Pblj (Brix:, 
A 225, 154) 

Properties —Crystals decomposed by dis 
tillation Gives benzyl acetate with AgOAc, 
and tribenzylamine with alcoholic NH, Silver 
nitrite gives benzoic aldehyde and acid (Van 
llenesse, B 9, 1454 , Brunner, B 9, 1744) 

BENZYL -(psewdo)-ISATIN C,gH„NOg la. 

CjH^-c^^q^^CO [131°] From benzyl indole 

carboxylic acid and NaOCl in feebly alkaline 
solution, the insoluble chloride then produced 
being subsequently boiled with alcoholic NaOH 
(Antnok, A 227, 365) 

Properties — Slender needles (from alcohol) 
SI sol water, sol ether Shows the indophemne 
reaction with HjS04 and crude benzene con 
taming thiophene 

DI-BENZYL-KETONE C.^HhO i e 
CO(CH^h)2 Di phenyl acetone Mol w 210 
[30^] (320°) Formed by the dry distillation of 

barium phenyl acetate Prisms CrO, oxidises 
It to benzoic and acetic acids (Popoflf, B 6, 
660) Beduced by HI at 180° to di benzyl 
methane (Graebe, B 7, 1623) 

BENZYL-MALONIC ACID O.oH.oO* te 
CjHj CHj CH{COjH)a Phenyl isosiuccimc acid 
[117°] 

Formaivon -—I. By sapomfication of ita ether 


2 From benzyhdene-xnalomo aeid by sodioin- 

amalgam % 

Properties — Tnolinio crystals, sol water, 
alcohol, and ether Splits up at 180° into CO, 
and P phenyl propionic acid 

Ethyl ether Et A" (300°) S G If 1 08 
(Conrad, A 204, 174, B 12, 762) Sodium 
benzyl malonic ether is converted by iodine 
dissolved in ether into “CgHjCH^ CI(C02Et)2, 
which IS converted by alcoholic KOH into 
ethoxy benzyl malonic ether (Bisohoflf a Haus- 
dorfer, A 239, 110) Converted by alcoholic 
NH, into the amides CH2Ph CH(CONH2), 
[226°] and CH2Ph CH(C02Et)(C0NH2) [98°] 
(Bischoff a Siebert, A 239, 96) 

Di-benzyl malonic acid (CgHg CH2)4C(C02H)2. 
[172°] P , [163°] (B a H) Formed by saponify 
mg the ether (Perkin, C J 47, 821) Slender 
needles (from water) or thick prisms (from 
alcohol) V e sol ether and alcohol, m sol 
hot water, si sol hot ligrom Gives di benzyl- 
acetic acid on heating 

Ethyl ether (C,H, CH^) C(C02Et)2 (260°) 
at 40 mm S G 5° =1 093 Thick yellow 
liquid Formed by the action of benzyl 
chloride upon sodio malonic ether By heat 
mg with alcoholic KOH it is converted into 
di benzyl acetic acid (Lellmann a Schleich, 
B 20, 439) Converted by treatment with alco 
holic ammonia into CO^Et CH(C H,) CO NHj 
and (CO NH) CH CH Ph, benzyl being split off 
(Bischoff a Siebert, A 239, 97) 
TEI-BENZYL-MELAMINE 
(CgHj, CH NH CN)3 Formed spontaneously 
from benzyl cyanamide by isomeric change 
(Strakosch, B 5, 694) — B"'3HC1 
BENZYL-MERCAPTAN C,HgS le 
CgHs CH2 SH Mol w 124 (195°) S G aa 

1 058 From benzyl chloride and KHS m 
alcohol (Marcker, A 136, 75 , 140 86) Pungent 
liquid with alliaceous odour 

Salts — (C,H,S)2Hg needles — C,H,SHgCl 
— (C,H,S)2Pb 

Benzoyl derivative CgHj CH, SBz 
[40°] Colourless crvstals (Otto a Luders, B 
13, 1285) 

Ethyl derivative (216°) 

BENZYL MESITYLENE C,gH,8 
CgH^ CH, CgH Me, [36°] (c 302) V D 7 35 
Prepared by boiling benzyl chloride with mesityl- 
ene m presence of Al2Cla (Louise, A Ch [6] 
6, 176, C B 95, 1163) Pnsms, v soL alcohol, 
ether, and benzene 

Beactions — 1 HI at 180° gives toluene and 
mesitylene — 2 CrO, gives benzoyl mesitylene 

3 HNO3 forms a tri-nitro derivative, 
[185°] and an acid [236°] — 4 Passage through 
a red hot tube forms two di methyl anthracenes, 
aiithracene, and phenanthrene 

Di benzyl mesitylene (OgH^ CH2)2CgHMe3 
[131°] (355°) at 120 mm From benzyl mesityl 
ene, benzyl chloride, and AljGlg (Louise, A Ch, 
[6] 6, 197) Minute prisms 

BENZYL-METBLANE v Ethyl benzene 
Di-benzyl-methane v Di phenyl-pbopane 
BENZYL MUSTARD OIL v Benzyl thio 

CABBIMIDE 

BENZYL-METHYL-ACETIC ACID V Phenyl- 

iso BTJTYBIO AC3ID 

BENZYL METHYL ACETO ACETIC ACID v. 
p 25 
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BB5ZYL.DI-iriTHYL.AMINE C^„N te 
CHjNMea Di-methyl henzylamine (184®) 
From benzyl chloride and alcoholic dimethyl- 
Amine (Sohotten, B 15, 424 , Jackson a Wing, 
Am 9, 78) Oil, miscible with alcohol and 
ether 

Salts — »‘B'HC1 — — B'^^tCV— 
i3',H,FeCy« -B'^H^ZnCl, 

Methylo chloride white crystals, 

Bol water, V si sol Na.^CO,Aq — (B'MeCBjPtCl^ 
BENZYL-TETKA METHYL BENZENE 
CHj C,HMe, [1 2 3 4 6] [61°] (c 310°) 

From benzoyl iso durene and fuming HI at 
250° (Fssner a Gossin, Bl [2] 42, 170 , A Ch 
[C] 1, 616) 

BENZYL METHYL-CARBINOL 

CH2.CH(0H) CH, (215° i V) From 
benzyl methyl ketone and sodium amalgam 
(Errera, O 16, 316) 

BENZYL METHYL GLYOXIM c 

CH, C(NOH) C(NOH) CH, [181°] Formed 
by the action of hydroxylamine hydrochloride 
on isomtroso benzyl acetone (Schramm, B 16, 
180) Small white needles Sol alcohol and 
ether Sublimable Weak acid 

Di~acetyl derivative C,oH,o(NOAc)2 — 
[80°], small white crystals (Schramm, B 16, 

2188) 

BENZYL METHYL'XETONE CgHi^O i e 
C^H, CH,.CO CH, Phenyl acetone (215°) 
S G 1 010 Produced, together with acetone 
and di benzyl ketone, by distilling calcium 
acetate with calcium phenyl acetate (Otto, J 
^ [2] 1, 144) Unites with NaHSO, By 
neating with cone H^SO^ on the water 
bath it IS converted into the sulphomc acid 
C„H4(S0 ,H) ch, CO CH,, but by heating quickly 
to a higher temperature it is split up into 
w toluene sulphomc acid OrtH^ CH, SO3H and 
acetic acid (Krekeler, B 19, 2625) 

BENZYL-METHYL-KETONE SITLPHONIC 
ACID C,H,(SO,H) CH, CH,.CO CH, Formed 
by the action of fuming sulphuric acid upon 
benzyl methyl ketone in the cold — PbA', 
(Krekeler, H 19,2625) 

BENZYL-METHYL MkLONIC ACID 
C„H,„0, le C,H,CH,CMe(CO,H), [135°] 
Colourless crystals Preparea from the ether 
On heatmg it gives CO, and phenyl iso butyric 
acid 

Di-ethyl-ether (300°) SG^« 

1 064 Prepared by the action of benzyl chlo 
nde on sodio methyl malonic ether or of methyl 
iodide on sodio benzyl malomc ether (Conrad a 
Bischoff, B 13, 698 , A 204, 177) 

BENZYL-METHYL OXIDE C,H, CH, 0 CH, 
(170°) From benzvl chloride and EOMe 
(Cahours, C B 80, 1317) 

BENZYL METHYL-PIPEEIDINE 
C,H,N(0,Hy)(CH,) (245°) Colourless fluid 

Formed by dry distillation of the alkaline 
hydrate produced by the action of moist 
Ag,0 on benzyl pipendine methylo -iodide — 
(B HCl),PtCl, (Schotten, B 16, 423) 

DI - BENZYL - METHYL - {pseudo) - THIO - 

tniEA C.^„N^ CH, S C!<NHaH 
by heating di benzyl thio-urea with methyl iodide 
at 100° OiL V. Bol alcohol and etiier, insol 
water. 


Salts — B'HOl' [126°] j easily soluble 

large rhombic four sided tables — B H,S04 
[146°] , glistening needles , v sol water and 
alcohol — BUI [99°] , joctahedra , v sol warm 
alcohol, si sol hot water — B',H2Cl,PtCl4 
sparingly soluble four sided prisms (Eeimarus, 
B 19,2348) , 

(a) BENZYL NAPHTHALENE O.^H,, i e 
C,H, CH, C,oH, [69°] (0 330°) S G 1 166 
S (alcohol) S3 at 78° , S (ether) 60 at 15° 
From naphthalene, benzyl ohlonde, and zinc 
dust (Frot6, C B 76, 639 , Miquel, Bl [2] 26, 
2) Monoclimc prisms Dilute HNO, produces 
phenyl (a) naphthyl ketone [76°] 

Sulphomc acid C„H,aSO,H — KA' aq 
needles (from alcohol) 

(fl) Benzyl-naphthalene C, [65°] 

(c 345°) S G e 1 176 S (alcohol) 2 25 at 15° 
Formed, together with the preceding, by 
heating naphthalene 'frith be /yl chloride and 
A1,C1, (Vincent a Boux, Bl [2] 40, 1631 Mono 
clinic prisms (from alcohol) , v e sol benzene 
and chloroform Nitric acid produces phenyl 
{$} naphthyl ketone [82°] 

BENZYL-(a).NAPHTHYLAMINE 
CgH, CH, NH CjoHj [67°] From naphthyl 
amine and benzyl chloride (Frot5 a Tommasi, 
Bl [2] 20, 67) 

BENZYL NAPHTHYL KETONE C^H.^O le 
C,„H,-CO— CH C,H, [57°] Tables Prepared 
by the action of AljCl, on a mixture of phenyl 
acetyl chloiide and naphthalene On reduction 
with HI it gives phenyl naphthyl ethane 
(Graebe a Bungener, B 12, 1078) 

BENZYL NAPHTHYL METHANE 1; 
Phenyl naphthyl ethane 

BENZYL (fl) NAPHTHYL OXIDE 
C«H,CH,OC„H, [99°] White plates Pre 
pared by the action of benzyl chloride on sodium 
(/3) naphthol (Staedel, B 14, 899 , A 217, 47) 
BENZYL NABCElNE v Narceine 
BENZYL - NITEATE C,H, CH, NO, Is 
perhaps formed by the action of benzyl chloride 
on AgNO, (Brunner, B 9, 1746) 

BENZYL NITEO AEBDTIN v p 298 
BENZYL NITEO PHENYL-u Nitro phenyl- 

BENZYL 

BENZYL ISO NITEOSO MALONIC ACID 

0,H, CH,.0N C (CO,H), From its ether The 
potassium salt on dry distillation gives KCN, 
potassium carbonate and benzyl alcohol 

Di ethyl ether A'Ut, Prepared by the 
action of benzyl chlonde and sodium ethylate 
on ISO nitroEo malonic ether (Conrad a Bischoff, 
B 13, 699) 

BENZYL NITEOSO. MALONYL UEEA v. 

Benzyl ether of Violueic acid 

BENZYL - OXALATE C^H.A te 
(C^H, CH2),0204 [81°] From benzyl chloride 
and silver oxalate (Beilstem a Kuhlberg, A 147, 
341) Scales (from alcohol) , may be distilled 
BENZYL OXAMATE C,H,NO, 
te NH,.CO CO, OHj^h [136°] From 

NH, CCl, COg CHjPh and benzyl alcohol (Wal 
lach a Liebmann, B 13, 607) 

DI BENZYL OXAMIDB 0„H„N,0, is. 
CgOj^H CHgPh), [216°] From oxaho ether 
and benziylamine , or by boiling henzylamine 
oyamde with HCl (Strakosoh, B 6, 694) Scalei 
(from a lcoh ol) 

BENZYL vKANTHEANOL v Oxanthbamol. 



BENZYI- PHOSPHIOTJ. 


m 

T£TEiUB£KZYl OXY-AttMOKlUM IODIDE phenyl-benzophenone imd benzophenone p ear* 
V Hydeoxylamine boxylic ac\d 

BENZYL OXY BENZOIC ACID v OxY- o-Beazyl diphenyl (?). [64®]. (c 286®) at 

BENZYL DENzoic ACID llO mm Prepared as above Monochmo 

BENZYL OXY-BDTYEIC ACID v, Oxy- needles CrO, oxidises it completely 
PHENYL vALEBio ACID Di benzyl-diphenyl 0,8He(0H2Ph)2. [118®] 

BENZY^ OXY MALONIC ACID v Benzyl- From di benzoyl diphenyl and HI at 170® (Wolf, 
lAETRONio ACID B 14, 2032) Lamm80 (from aloohol) 

BENZYL OXY SULPHIDE v Di benzyl BENZYL PHENYL v Phenyl benzyl 

SULPHOXIDE BENZYL DIPHENYL AMINE v Di phenyl- 

BENZYL - PHENANTHEENE C^.H tel BENZYL AMINE 
CH^PhCnH, [166®] From ben.yl chloride, m DI BENZYL p PHENYLENE- DIAMINE 
plienanthrene {q v ) and zinc dust (Goldschmiedt, CaHj(NHJ N(CH2 CgH5)2 [1 4] Amido di benzyl 
M 2, 444) Needles (from benzene) CrOj gives aniline [90°] Obtained by reduction of p 
benzoic acid and phenanthraqumone nitro di benzyl aniline with tin and HCl Glisten 

p - BENZYL PHENOL CiaHjjO le ing colourless needles V sol ether and hot 
C5H5 CH^ CgH4 OH [1 4] Oxy di phenyl methane alcohol, si sol cold aloohol With Fe^Clg it 
Mol w 184 [84®] (d25°-330°) gives a deep red colouration, with Fe^Clg and 

Formation — 1 From phenol, benzyl ohlo- HjS a blue insoluble pp By cono HOI at 170® 
ride and zinc (Patewao, O 2, 2 , 3, 121) — it is completely resolved into benzyl chloride 
2 From benzoyl anisol and HI (Patemo, B and p phenylene diamme 
6, 288, 6, 1202) — 3 From PhOAc and Benzaldehyde compound 

CH Cl alone or with Al^Gl^, and saponifaca C A CH(OH) NH N(CH2 C.HJ^ [130®] 
tion of the pioduct (Perkin, jun , a Hodgkmson, Microcrystalline yellow pp V sol benzene, si 
C J 37,722, Eennie, C J 41,228) — 4 By sol ether, insol alcohol (Matzudaira,B 20, 1614) 
heating phenol with benzyl aloohol and ZnClj BENZYL PHOSPHINE C^HjP i e 
(Liebmann, B 15, 162) —5 By diazotising ^ C^Hj, CHj PH2 (180®) From benzyl chloride, 
ainido di phenyl methane and treating the pro PHJ, and ZnO (Hofmann, B 6, 100) Oil, 
duct with water (Basler, J5 16,2719) volatile with steam — B'HI decomposed by 

Properties — Long needles or plates (from water into its components 
alcohol) Sol KOHAq but not NHgAq Benzyl triethyl phosphonium chloride 

Reactions — 1 Distilling with P^Oj gives PEt3(CH^h)Cl From benzylidene chloride, 
benzene, phenol, and anthracene —2 By bro tri etnyl phosphme and alcohol (Hofmann, A* 
mination and nitration, or by nitration and Suppl 1, 323) 

bromination it gives the same bromo nitro den- Di benzyl phosphine (CBUPh)2PH [205®] . 
vative, when treated with HNOg in C2H4O2 Prepared together with the preceding, and sepa 
forms CaH^(OH)(N02)-»Br [1 2 4 6] Hence the rated by steam distillation, not being volatile 
bromo nitro derivative CaH^(0H)(C7H,)(N03)Br Groups of needles (from alcohol) , msol acids 
is either [1 2 4 6] or [1 4 2 6] But the oxida Tn benzyl phosphine P(CH^h), Appears 
tion of C<,Hj CH2 CgH^OMe to CgHjCO CgH40Me to be formed as a by product m the action of 
[1 4] shows that the airangement is [1 2 4 6] — benzyl chlonde on PNa, (Letts a. Collie, Tr E 30, 
8 Phosphorus pentachlonde forms (C„H,,)gP04 181) Splits up on distillation mto phosphorus, 
[94° ] — 4 Chloro acetic acid and KOH convert s-di phenyl ethylene, dibenzyl, and toluene 
benzyl phenol into CH2Ph CgH^ 0 CHj COjH, Tn benzyl phosphine oxide (CH2Ph),P0. 
[100®], while CH, CHCl COjH and KOH give [213®] Formed by heatmg PH4I with benzylid- 
rise to CHjPh CgH4 0 CHMe COjH [102°] (Maz ene chloride at 130® a*d boiling the product with 
zara, O 11, 437 , 12, 262) alcohol (Fleissner, B 13, 1666) Formed also by 

Methyl derivative C^Hj CH, C3H40Me the action of cone Ba{OH) 3 on tetra benzyl phos 
Benzyl anisol (306°) From anisol, benzyl phomum acid sulphate , a weak soldtion of 
chloride, and zinc Oxidised by alkaline KMnO, baryta giving P(C,H,)40H (Letts a Colhe, Tr E 
it gives the methyl derivative of p benzoyl- 30,181) Needles , insol water, sol alcohol and 
phenol ether — (CjiHajPOlgHgCl^ — (C2,H2|PO)8Fe,ClB. 

Acetyl derivative Ph CHj C8H4 OAc — (C2,H2,PO)8CoCl^ — (Cai^iPOlgPdCl,. — 
(316°-320°) (C2,H2,PO)3PtCl4 — (C2,H2,PO),ZnIj^ — 

Benzoyl derivative PhCH2C,H4 0Bz (C2,H2,PO)3Br8 — (C2,H2,PO)5S 
[86®] Tn benzyl phosphine sulphide (CH2ph)2PS 

Sulphonic acid C,H^ C3H,(S03H)(0H) [206®] Obtained by distilling the acid sulphate 

Salts — NH4A'aq needles — KA' feathery of tetra benzyl phosphonium (Letts a. Collie) 
crystals — BaA', — C,aH,<,S04Ba minute crys Long thin needles, m sol alcohol 

tals — These salts are all sparingly soluble Tetra-benzyl-phosphonium hydroxide 
(Benme, 0 J 41, 84 , 49, 406) They, as well P(C2H,)40H [over 200®] Obtamed by addmg 
as the free acid, give a violet colour with FCjCI, BaCO, to the sulphate Bhombohedrad plates; 

p B£NZYL-DIP£Q!NYL CjoH,, le v sol water and aloohol , alkalme to litmus 

OgHj CHyCgH. CjHj [86®] (286°) at 100 mm By Decomposed by heat mto P(C,H,),0 and toluene 
heatmg benzyl chlonde and diphenyl with zino Tetra-benzyl-phosphonium salts 

dust at 100® two benzyl diphenyls are produced Chloride P(CH2Ph)4Cl [224®] From 

together with traoes of anthracene The p benzyl chloride and PNa, (L a.C) CkystaUises 
hydrocarbon is less soluble and solidifies more from water with 2aq, and from ohlorofonn with 
easily than its isomende (Goldschmiedt, Af CHCl, Split up by heat into tn benzyl-phos- 
2, 438) Leaflets or needles, m sol alcohol, v phine, s-di phenyl-ethylene, and HCl 
»oL benzene and ether. CrOj oxidises it, to | P latino chloride iP(CH^Ph)(Cl||PtCQ^ 
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a^lphaies — {P( 0 ,H,) 4 },S 04 [220®> — 

P(C^,)4S04H [217^] 

Oxalate P(C7H7)40204H needles 
BENZYL ISO PHTHALIO ACID 0,jH,204 1 e 
C,Hj CHj [243°] From benzoyl- 

iso phthalic acid by reduction with sodium 
amalgam (Zincke, B 9, 1765) Crystalline 
powder, V si sol water —Ba A" — CaA"aq 
Benzyl terephthalic acid 
CgHj CHj C«H3(C0 H)2 Obtained by reduction 
of benzoyl terephthaho acid (Weber, J 1878, 
403) — BaA" 

BENZYL PHTHALIMIDINE C,jH„ON te 
/OH— CH* O4H, 

[137°] Colourless 

plates or scales Formed by reduction of benzyl 
idene phthal imidine by means of HI 
/CHv CH 

Nitrosamine \N(N0) 


[93°] , yellow crystals, easily soluble in benzene, 
ligroin, and chloroform (Gabriel, B 18, 1262) 
BENZYL-FHTHALIMIDE 
CaH^ C2O2 N CH2 CaHj Phthalyl henzylamine 
[116°] Long needles Obtained by heating 
potassium phthalimide with benzyl chloride at 
170°-180° HCl at 200° splits it up into phthahc 
acid and benzylamme (Gabnel, B 20, 2227) 
BENZYL PIPERIDINE C,H„N(C,H,) (245°) 
Colourless liquid Insol water Prepared by 
the action of benzyl chloride on piperidine — 
(B'HCl)2PtCl4 sparingly soluble pp 

Methylo iodide B'Mel [145°] Thick 
pnsms By moist Ag,0 it gives an alkaline 
hydrate which on dry-distillation yields methyl 
benzyl piperidine (Schotten, B 15, 423) 

BENZYL PROPIONATE C.oH, 0^ le 
C,H, CHyO CO cn, OH, (220°) SG{f ‘ 10360 

Decomposed by Na into sodium propionate and 
benzyl phenyl butyrate (Conrad a Hodgkmson, 
A 193,320) 

V - BENZ YL . PYRROL C,H, N C,H, (247° 
nncorr ) Colourless crystalline solid Melts 
when touched with the hand V sol alcohol 
and ether, nearly insol ^ator (Ciamieian a 
Silber, B 20, 1369) 

V BENZYL PYRRYLENE DI METHYL DI- 
KETONE C,H2(C0 CH3)2NC,H, v Benzyl di- 
acetyl pyrrol [130°] Formed by heating v 
benzyl pyrrol with Ac^O at 240° Colourless 
plates Sol ether and benzene, si sol water, 
nearly insol petroleum ether (Ciamician a Sil- 
ber, B 20, 1370) 

BENZYL QUINOLINIXTM HYDROXIDE v 

Benzylo hydroxide of Quinoline 

BENZYL ROSANILINES From rosamhne 
and benzyl chloride (Dahl, D P J 263, 393) , v 
Bosanujne 

Methylo-iodide From rosaniline, Mel and 
MeOH (Hofmann, B 6, 263) 

BENZYL SELENIDE (C,H3CH,)28e [46°] 
From benzyl chloride and P^e^ (C L Jackson, j 
A 179t 1) Long needles or prisms (from aloo 
hoi) , faint odour, msol water, t soL alcohol 
and ether 5NO, forms ‘ selenobenzyl nitrate * 
[88°] -|(0^,)j5e|^tCl4. 

Benzyl dieelemd© (CH2Ph)jSe2. [90°] 
Formed by boilmg NagScj, benzyl chlonde, and 
^oohol for some hoars (J ). Unctuous yellow 


scales (from alcohol) With Mel it forms 
(OHjPhjSMejfl, [66°] from which may be ob- 
tained j(CH,Ph)SMe301[^tCl4 Cone HNO, 
forms toluene exo selmic acid, CgHj CH, SeO^H 
BENZYL SELENO CYANIDE C^H^NSe te 
CgHj CHo SeOy [72°] From benzyl chloride 
and potassium selenocyanide(Jacksop B 8,321) 
Prismatic needles with repulsive odour, insol 
water, v sol hot alcohol HNO3 forms 
C«H4(N02 ) CHj SeCy [123°] 

BENZYL SELEN UREA C,H,„N So le 
NH CSeNHCH^Ph [70°J From benzylamme 
hydrochloride and alcoholic potassium seleno 
cyanide (Spica, O 7, 90) Sol water, alcohol, 
and ether, gradually depositing Se Cone HCl 
forms benzylamme, Se, and HCN 

u di-benzyl seleno-urea NH CSe N(CH Ph)^ 
[150°] From dibenzylamme hydrochloride and 
KSeCy Thin prisms or needles , v sol hot 
water, alcohol, and etU3r C^'it HCl forms Se, 
CNH, and dibenzylamme 

TETRA B BNZYL SILICANE C^H ^Si le 
Si(CH2Ph)^ Silicon tetra benzyl [128°J (above 
550°) S G 1 078 Formed by the action of 
sodium upon a mixture of benzyl chloride and 
S1CI4, with addition of a little acetic ether 
(Polls, B 18, 1543 , 19, 1023) Large mono 
symmetrical pi isms, sol ether, benzene, and 
chloroform, si sol alcohol May be distilled 
BENZYL SULPHIDE ^ c (CH Ph) S 

[50°] From benzyl chloride and alcoholic 
K^S (Marcker, A 136, 88) Thick trimetno 
tablets (from ether), a b c~ 813 1 515 (Forst, 
A 178, 370 , Bodewig) On distillation it gives 

8 di phenyl ethylene and its sulphide (Barbier, 
C li 78, 1772), toluene, benzyl mercaptan, 

9 di phenyl acetylene sulphide SC Ph,, and 
thionessal C^ H,„S Mel forms SMe^I, benzyl 
iodide and (CH^Ph)SMe^I , the latter gives rise 
to the compound ((CH Ph)SMe^Cl{ PtCl^ 
Ethyl iodide at 100° forms similarly (C7H,)SEt^l 
whence {(C,H,)SEt,Cl};PtCl4 (Scholler, B 7, 
1274 , cf Cahours, A Ch [5] 10, 21) 

Dl-BENZYL DI SULPHIDE (C^ CHJjSj 
Sulphohenzol [70°] 

Formation —1 By the action of an alcoholic 
solution of KHS or K 8 on benzylidene di 
chlonde — 2 By the action of alcoholic KHS on 
(a) thiobenzoic aldehyde (Klinger, B 15, 861) — 
3 By the oxidation of benzyl mercaptan by air 
or bromine (Marcker, A 140, 86) — 4 By the 
action of K2S4 on benzyl chloride in alqohol (M ) 
Properties — White plates Gives a crystal 
hne pp (C,4H ^S^AgNO,) with an alcoholic 
solution of AgNO, 

BENZTL-6ULPH1NIC ACID v Toluene bxo- 

BULPHINIC ACID 

BENZYL SULPHOCYANIDE 

CHj 8 CN [41°] (B ) . [38°] (H ) , (0 233°) 
(B), f256°) (Hj From benzyl chlonde and 
alcoholic potassium sulphocyanide (Henry, B 
2, 636, Barbaglia, B 6, 689) Prisms (from 
alcohol), insol water, pungent smell Com- 
bines with HBr, forming a compound decom- 
posed by water Fuming nitric acid forms 
0^4(N02) OH^S Cy 

dLbEHZYL BULPHONE ChH,4SO, ♦«* 
(0H2Ph),S02 [150°] 

Formation — 1 Together with CgHj OH, SO,E 
liy the action of K^SO, on benzyl chloride 
(Vogt a Henn^nger, A 165» 876) — 2 By ouda^ 
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tion o! di-benzyl sulphoxide with KMPO4 and 
HO Ac (Otto a Luders, B 13, 1284) —3 By the 
action of benzyl chloride on a odium benzene sul- 
phinate —4 By oxidation of di benzyl sulphide 

Properties — Small needles Insol water, sol 
alcohol, benzene, and acetic acid By oxidising 
agents it is readily oxidised to benzoic and sul 
phuric acidse(Otto, B 13, 1277) 

BENZYL SULPHONIC ACID v Toluene 

exo SULIHONIC ACID 

DIBENZYL- SULPHONIC ACID v Di 

PUrNYL ETHANF SULI HONIC ACID 

DI BENZYL SULPHOXIDE C,,H„SO le 
(Cll^Ph)^SO [133°] From di benzyl sulphide 
and cold HNO, (S G 13) (Maioker, A 13b, 89 , 
Otto a Ludwig, B 13, 1284) Lamime (from 
water or alcohol) 

•BENZYL SULPHUROUS ACID v Toluene 

BULPHONIO ACID 

BENZYL TARTRONIC ACID i e 

C JI, CH, C(OH) H) lU6°] I'ormedsimul 

taneously with cinnamic acid by the action 
of KOH on benzyl chloro malonic ether On 
heating it forms ^ phenyl a oxy propionic acid 
(phenyl lactic acid [98°]) (Conrad, B 13, 2160 , 
A 209 245) 

BENZYL TEREPHTHALIC ACID v Benzyl- 

PHTHALIC ACID 

BENZYL THIO CARBAMIDINE C,H,oN,S 
i e NH C(NHJ S CII Ph Cijanamide benzyl 
iiiercajftan [72°] From benzyl chloride and 
thio urea (Bernthson a Klinger, B 12, 575) 
Slender needles, m sol water, decomposed by 
heat into benzyl mercaptan and di cyan di 
amide — B'HCl [168°] - B',Il,PtClfl 

BENZYL THIO CARBIMIDE 
CH^ N CS Benzyl mustard oil (243°) 
Benzylamino is dissolved in Cb and the pro 
duct boiled with alcohol and HgClj (Hofmann, 
Z [2] 4, 690 , B 1, 201) Oil, smelling like 
water cress 

BENZYL THIO GLYCOLLIC ACID v Thio 

glycollic acid 

BENZYL THIO UREA CsH.oN^S % e 
(CH^Ph)NH CS NH2 [101°] From potassium 
Biilphocyamde and benzylaniine hydrochloride 
(Paterno a Spica, O 6 , 388 , B 9, 81) Sol 
water and alcohol 

Benzoyl derivative CjH^NHCSNHBz 
[145°] From benzoyl sulphocyanide and benzyl 
amine (Miquel, A Ch [5] 11, 313) 

8 Di benzyl thio urea (Ph CHj NH)2CS 
[114°] From alcoholic benzylamine and CSj 
(StrakosohjB 5, 692) Four sided plates, msol 
water, sol alcohol and ether Converted by 
HgO into di benzyl urea Alkyl iodides give the 
following derivatives 

PhCH^ NH CS NMe CH^Ph — 

(C,H, NH CS NMeC,H,)2H2PtCh — 
C,H,NH CS NMeC,H,HI [99°] — 

PhCH, NH CS NEt CH^Ph — 

(0,H,NH OS NEtC,H,)2H2PtCl4.— 
C,H,NH CS NEtO,H,HI [93°] — 
0,H,NH CS NEtC^H^H^SO^ — 

PhCH, NH CS NPr CH^Ph — 
PhOH,NHCSN(C,H„) OH2Ph (Reimarus, B 
19, 2348) 

u Di benzyl -thio urea (PhCHj)2N CS NH, 
[157^ From potassium sulphocyanide and 
Abenzylamine hydroohlonde (P a S) liurge 
needles, m sol water 


BENZYL THYMOL Is 

C,H2MePr(CH2Ph)(OH) (265°) at 8 mm. 
Formed, together with di-benzyl thymol by 
heatmg benzyl chloride with thymol and zme- 
dust (Mazzara, G 11, 846) Oil, msol aqueous 
alkalis, sol alcohol and ether FejClj gives a 
red colour on heating 

Acetyl derivative C^HjaAcO (246°) at 
8 mm 

Di benzyl thymol Cj^H^aO i e 
CjHMePr(CH2Ph) OH [76°J Prepared as above 
Silky laminae, sol ether and HOAc, msol water 
and aqueous alkalis Fe^Cl,, gives a red colour 
on heating 

Acetyl derivative C^jH ^AcO [0 84°] 
Methyl derivative C ,H ^MeO [90°] 
Benzoyl derivative ^zO [c 78°] 

BENZYL - TOLUENE v Phenyl tolyl 

METHANE 

DI BENZYL TOLUENE C^iH^o i e 
CH, 0,H3(CH2Ph)2 (c 394°) A product of the 
action of benzyl chloride on toluene in presence 
of zme dust (Weber a Zincke, B 7, 1154) 

BENZYL p TOLUIDINE PhCH^ NH C«H,Mg 
( 313°) From benzylidene toluidme (Kohler, 
A 241,359) 

Di-benzyl p toluidine C2,H2,N i e 
(Ph CH2)2N CeH.Me [55°] From benzyl chlo 
ride andjp toluidine (Cannizzaro, A Suppl 4, 80) 
Slender needles, m sol cold alcohol Weak base 
BENZYL TOLYL- v Tolyl benzyl 
BENZYL TOLYL - METHANE v Phenyl 
tolyl ethane 

BENZYL-TOLYL OXIDE v Benzyl alcohol. 
BENZYL UREA CgH.oN^O t e 
NH2 CO NH CH2Ph [147°] Formed, together 
with di benzyl urea, by heatmg benzyl chloride 
with potassium cyanate in alcoholic solution 
(Cannizzaro, (? 2,41) Also from benzyl cyanate 
and alcoholic NH, (Letts, C J 25, 448) or from 
benzylamine chloride and potassium cyanate 
(Paterno a Spica, O 6, 388 , B 9, 81) Long 
' needles (from alcohol) , m sol water At 200° 
it splits up into NH, and s di benzyl urea 
s Di benzyl urea (5H2Ph NH)2CO [167°] 
Formation — 1 From benzyl chloride and 
KNCO or urea — 2 From benzyl urea by heat 
mg — 3 By heating benzyl alcohol with urea 
nitrate (Campisi a Amato, (? 1, 39 , JB 4, 412) 

4 From s di benzyl thio urea, HgO, and alco 
hoi (Strakosch, B 5, 692) 

Properties — Needles, msol water, v sol 
alcohol Weak base 

u Di benzyl urea (CH2Ph)2N CO NH2 [125°] 
From di benzyl amine hydrochloride and KNCO 
(Paterno a Spica, O 6, 388 , B 9, 81) Thick 
prisms , si sol cold water 

BENZYL URETHANE v Benzyl cabbamio 

ACID 

BENZYL m XYLENE C^H,, le 
CjH, CH2.C,H,Me2 Phenyl xylyl methane 
(296° 1 V ) From m xylene, benzyl ohlonde, 
and zinc dust or Cu (Zmeke, B 6 , 799 , 9, 1761) 
Oxidation gives benzoyl iso phthalic acid Ap 
pears also to be formed by reducing phenyl xylyl 
ketone with HI (SoUscher, B 15, 1682) 

Benzyl-jp xylene (295°) From p xylene, 
benzyl chloride and zinc dust (Z ) 

BENZYL XYLYL XETONE 
C,H* OH, CO 0,H,{0HJ,. [1 8 . 4 ] Xhm^h 
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deoxyhenMoVn (above 350°) Fluid Formed 
by the action of Al^Cl^ on a mixture of m xylene 
and phenyl acetyl o ilonde On oxidation it gives 
di methyl benzoic acid (Sdllscher, B 15, 1681) 

BEEBAMINE Occurs 

m the root of Bcrberis vulgaris^ together with 
berberine, oxy acanthine, and at least one other 
alkaloid Small plates, containing 2aq Easily 
sol ether The hydrochloride forms small 
plates, the nitrate noodles — ClgPtCl^ 6 or 
6 aq yellow crystalline pp , si sol cold water 
(Hesse, B 19,3193) 

BEEBEEIC ACID Cj,H804aq An acid formed 
by fusing berbenne with KOH (Hlasiwetz a 
Glim, J 1864, 407) Needlob , v sol alcohol 
and ether, m sob water Fe^Clg gives a green 
colour turned red by ammonium tartrate He 
dutes hot Fehling’s solution and silver solution 

BEEBEEINE C^H„N04 4iaq [120°] 

S 22 at 21° S (alcohol) 1 at 15° Occurs m 
the root of the barberry, Berberis vulgans, to 
gether with oxy acanthine {q v ), berbamme 
and another alkaloid (Buchner, A 24, 228 , 
Hesse, B 19, 3190) Occurs also in Colombo 
root {X!jOccuIus palmatus) (Fleitmann, A 69, 
160 , Bddeker, A 66, 384 , 69, 40) , in Mcni 
spermum Jenestraturn (Perrins, C J 15, 339), 
in Abeocouta bark from CcBlorline polycarpa 
(Stenhouse, Ph 14, 465 , C J 20, 187 , Daniel, 
A 105, 360) , in Leontice thalictroides (Mayer, 
J Ph [3], 46, 49b) , in Xanthoxylon clava 
JSerculia (Chevallier a Pelletan, Berz J 7, 266 , 
Perrms, A Suppl 2, 171) , in bark of Oeoffroyea 
xnermis /GastelJ, J, 1866, 480) , in Copiis trifoha 
(Gross, J 1874, 914) , and in the root of Evodm 
glauca (Martm, Ph [3] 13, 337) 

Preparation — 1 The finely powdered root of 
Sydrastu -canadensis is extracted with alcohol, 
HgSO^ is Added to the cooled extract, and the 
pp decomposed by NH, The operation is 
repeated a second time (Lloyd, Ph [3] 10, 125 , 
cf MernlfAin J Pharm 35, 97, Procter, C N 
9, 112) —2 Barberry root is exhausted with 
boihng water, the extract evaporated, and 
treated with 92 p c alcohol The berberine is 
purified by cry stallisatiorf from water or alcohol 
(Buchner) 

Preterites — Silky yellow needles , tastes 
bitter, si sol cold water and alcohol, insol 
ether Turned brown by ammonia On addmg 
lodme m potassium iodide to a solution of ber* 
benne hydrochloride the periodide is ppd It 
erystaUises from alcohol in red needles, but on 
Adding water, green plates separate 

Reactions — 1 Ztnc and dilute acids form 
hydro berberine — 2 Potash fusion produces two 
acids, CgHgO^, and (Hlasiwetz a Gilm, 

J 1864, 406) — 3 Nitnc acid oxidises it to 
berberonic acid — 4 KMnO^ in presence of KHO 
forms hemipic acid, [162^] (E Schmidt a Schil 
bach Ar Ph [3] 25, 164) 

Salts — (Fleitmann, A, 59, 160 , Henry, A 
115, 182, Perrms, C J 15, 339, Hlasiwetz, 
A SuppU 2, 191) — BUCl slender yellow 
needles — BHCUaq — B'HC12aq S G 
1897 (Clarke, Am 2, 176) — B'*H,HgCl, 
— BTEGHgC^ (Hmterberger, A 82, 314) ~ 
B'ACyagOy, (Kohl a Swoboda, / 1852, 650) 
— B'^a^tCl, small needles S G V* 1 758 (C ) 
•^BTlAaCl^ maroon < coloured needles — 


B'HBrl^aq — B'HI, — B'HI — BTtCN — 
B'HSCNl^aq — B'^H^FeOy, — B',H;FeOy^ 
~-B'HA04 — B'HOlO, — B'C^H^O^iaq- 
B'O^HgO^Jaq — B'04H5(Sb0)04 (Stenhouse, Pr 
12, 491) -- B .H,Or 0, — B'C.HdNOJ.OH — 
B'H,S 04 — B'HNO^ -~B',H2S*0,Ag,S,0, 

Methylo iodide B Mel neeHes (Bern 
heimer, O 13, 346) * 

Ethylo iodide B'Etl needles 
Hydroberbenne C^HjiNO^ Obtained by re 
dueing berberine in acid solution with zmo 
(Hlasiwetz a Gilm, A Suppl 2, 191) Granules 
or needles (from alcohol) Reconverted into 
berberine by HNO* 

Salts — B'HCl — B'^H PtCl, — B',H SO^ 
— B'H SO4 — B'4(H2SOj34aq (?) — B'HI — 
B'HNO,. 

Methylo iodide B'Mel trimetnc crystals, 
a b c = 1 033 1 1789 - B'MeOH (Bernheimer, 
G 13, 342) ^ 

Ethylo iodide B'Etl ^isms 

BERBEEONIC ACIl) v Pyridine tri car 

BOXYLIC ACID 

BEECAMOT, OIL OF An aromatic essential 
oil expressed from the rind of an orange, Citrus 
bergamia Its S G is 87 It contains a stear 
optene, a terpene, and a terpene hydrate (?) 
By rectification a liquid (183°) may be got, 
which absorbs HCl (Soubeiran a Capitaine, 
J Ph 26, 68, 509) The stearoptene JBeig 
aptene) is deposited after long keeping It is 
solid, [206°], but volatilises without decomposi 
tion It may be (CjH^OJa; (Mulder, X 31,70, 
Ohme, A 31, 316) 

BEEGENITE CsH.oO^aq [130°] SG 15 
[«Jd=’ —61° 36' Obtained from Siberian saxi 
frage (Beiyenia siberica) hy extracting with hot 
water, ppg the tannins with lead acetate, andeva 
porating to crystallisation (Morelli, C R 93, 
646) Trimetnc prisms Tastes bitter V si 
sol cold alcohol and water 

Acetyl derivative amorphous, 

V sol water, alcohol, and ether 

Tri acetyl derivative CgHjACgO, 

Penta acetyl derivative CgHjACjOj 
BEELIN BLUE a. Prussian Blue v Ferro- 
cyanide of iron under Cyamdes 

BEEOBIC ACU) v Pyridinb di>cabboxylio 

ACID 

BEEYLLIUM Be (Gluctnum) At w 
9 08 Mol w unknown S G |o° (after com 
pression) 1 85 (Humpidge, Pr 39, 1) S H 
(100°) 4702, (200°) 540, (400°) 6172, (500°) 
6206 (Humpidge, Pr 39, 1) S H (20°) 397 , 
(73°) 448, (167°) 619, (257°) 681 fMeyer’s 
calculation, B 18, 1780, from data of Nilson and 
Pettersson who worked with metal containing 
about 96 pc Be, P 18, 1451) SYS 4 92 
Crystallises m hexagonal, holohedral, forms , 
a c = 1 1 5801 (Brogger a Flmk, B 17, 849) 
Occurrence — Only in combination , in beryl 
(3BeO AljO, 6S1OJ and some other silicates, 
also in chrysoberyl AI3O, BeO Beryllium 
oxide was recognised as a distinct body in 1797 
by Vauquelin, the metal was obtained by Wdhler 
in 1827, but approximately pure beryllium was 
not prepared until 1885, in which year Hum 
pidge obtained specimens containing 99 2 p 0 
Be, 1 Fe, and 7 BeO 

Preparation — WOhler (P 18, 67^ obtained 
AQ impure metal by the action of E. on fused 
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BeCl,, Dobray {O R 38, 784) obtained purer 
apeoimens by using Na and a special form of 
apparatus Nilson a Pettersson, by decorapo 
sing BeClj by Na in closed iron crucibles heated 
in a wind -furnace {B 11, 881), and sifting 
the crystals through Pt gauze {B 13, 1455), 
obtained specimens containing 94 4 pc Be 
(BeO»4e«,Fe» 70) Humpidge (Pr 38,188, 
89, 1) purified BeO by solution in (NHJgCOjAq 
and decomposing the solution by steam, he 
mixed the BeO thus obtained with pure charcoal 
and starch paste and heated in 01 in a glazed 
porcelain tube , the BeCl^ thus obtained was 
placed in an iron boat, and this in an iron tube 
surrounded by another tube of hard glass , 
another iron boat contained Na , the Na was 
heated in a stream of H, and the BeClj was 
tlien vaporised (in H) over the molten Na The 
crystals of Be were washed in dilute NaOHAq, 
to remove Be8Sihen in water, and dried 

Properties —Steel coloured, hard, hexagonal, 
holohedral (BrSgger a Flink, B 17, 849) crys 
tals Unchanged in ordmary air , scarcely 
changed by heating in air Scarcely acted on 
by 0 or S at red heat, but burns in Cl to BeClj 
(Nilson a Pettersson, B 11, 384) Burns in 
O H flame (Humpidge, T 174, 601) Dissolves 
slowly in acids, also in aqueous alkalis, with 
evolution of H Many of the properties ascribed ! 
to Be by Wohler (P 13, 577), and Debray {A 
Ch [3] 44, 5), were the results of experiments 
with very impure matenal Emission spectrum 
characterised by the lines 3320 5, 2649 4, 2493 2, 
and 2477 7, of which 3320 5 is the most prorai 
nent (Hartley, C J 43, 316) The atomic 
weight of Be has been determined (i) by 
analyses, and determinations of V D , of BeCl^ 
and BeBr, , (u) by determinations of S BL of 
Be, (m) by analyses of various compounds, 
especially recently of the pure crystallised sul 
phate by Nilson a Pettersson {B 13, 1451) 
[for older analyses v Berzelius, P 8, 187, 
Awdejew, P 56, 101 , Klatzo, J pr 106, 227] , 
(iv) by the apphoation of the periodic law 
There has been much investigation and dis 
cussion concerning the value to be given to the 
atomic weight of Be , some chemists insisted 
that 13 65 IS the true value, and that the oxide 
IS BeaO, The determinations of the V D of 
BeClj and BeBrj, the careful measurement of 
the S H of almost pure Be, and the considera- 
tion of the physical and chemical relations of 
Be and its compounds to other elements carried 
out on the lines suggested by the periodic law, 
have finally established the value 9 08-91 for 
the atomic weight of Be The S H of Bo m 
creases rather rapidly as the temperature 
increases, and approaches a constant value, equal 
to about 62, between 400° and 500° (Hum 
pidge, iV 39, 1) The relation between SH 
and temperature is expressed by the empirical 
formula K,= 3756+ 00106i- 000001 14 P (Hum 
pidge, Pr 88, 188) The product of S H into 
At w ( 62 X 9 1 =» 5 64) IS lower than the mean 
value of this quantity for the solid elements, 
but IS nearly the same as that obtamed for B, 
0, and Si The atom of Be is divalent in the 
gaseous molecules BeOl, and BeBr,, these are 
the only compounds of Be at present known in 
the gaseous state A comparison of the spec 
trum of 38 with those of In and A1 on the one 


hand, and of Mg, Oa, Ba, Sr, on the other, shows 
that Be is rather to be olassed with the latter 
than with the former elements , the value 9 1 
for the atomic weight of Be is thus confirmed 
(u Hartley, G N 48, 195^ Beryllium is a 
markedly positive, or metallic, element , it does 
not exhibit allotropy It is chemically related to 
Mg, Ca, Sr, and Ba, in much the same way that Li 
IS related to Na, K, Cs, and Rb BeO resembles 
MgO, but IS distinctly less basic ^ eg it dis- 
solves in KOHAq, and does not combine directly 
with H^O, compare also [BeO'^I^ H“SO‘Aq]== 
16,096, with [MgO^HS H^SO'Aq] -.31,216 
Analogies also exist between Be and A1 , eg* 
the existence of many basic salts , Be, however, 
does not form an alum, BeCl^ does not com 
bine with NaCl and KCl as Al^Clg does In 
dilute acid solutions Be is electronegative to Mg 
but positive to A1 , in caustic alkah solutions 
the electrochemical order is +A1, Mg, Be — 
(Humpidge, Tr 174, 601) Be forms only one 
series of compounds, BeCl^, BeS 04 , Be2NO„ &c , 
It exhibits a marked tendency to form basw 
salts, e g , BeSO, BeO SH^O, BeCO, 8BeO SHjO, 
&Q Brauner (P 14, 63) sums up the chemical 
relations of Be in the three statements 
(1) LiBe = BeB (2) Li Na = Be Mg = B A1 
(3) Li Mg=»Be Al=»B Si The chemical rela 
tions of Be will be more fully discussed in the 
art Magnesium metals, v also the remarks on 
Group II in art Classieioation The following 
are the pnncipal papers bearing on the At w 
of Be Reynolds, P M [6] 3, 38 , ihxd Pr 36, 
248 , Humpidge, Pr 35, 358 , 38, 188 , 89, 1 , 
Hartley, 0 J 43, 316 , ibid Pr 36 462 , Car- 
nelley, Pr 29, 190 , ibid B 17, 1357 , Brauner, 

1 B 11, 872, 14, 53, Meyer, B 11, 577, 13, 1780, 
Nilson a Pettersson, B 11, 881, 906 , 13, 1451, 
2035 , 17, 987 

Reactions — As most of the reactions said to 
characterise Be have been obtained by expert 
mentmg with material far from pure, the 
following statements must be accepted as pro- 
visional only — 1 Hydrochloric acid^ whether 
gaseous or aqueous, reacts readily to produce 
BeClj — 2 Sulphury: acid dissolves Be, forming 
BeS 04 Aq — 3 Nitnc acid acts very slowly even 
when hot and concentrated —4 Be dissolves m 
warm KOHAq or NaOHAq 

Combinations — 1 Be combines readily with 
Cl, Br, and I to form BeCL, BeBr,, and Bel, 
respectively — 2 It also combmes very readily 
with Si, and, according to the observations 
of Wohler, made, however, with very impure 
matenal, with P, Se, and S , later expenmenta 
seem to show that Be and S do not combine 
when heated together (Nilson a Pettersson, H. 
11, 381) — 3 An alloy of Be and Fe was de- 
scribed by Stromeyer as a white sohd, less 
malleable than iron, obtained by strongly heat- 
ing BeO with Fe and charcoal 

Detection — 1 Caustic potash or soda ppsu 
BeOH^O soluble m excess, but reppd on dilu- 
ting and boiling — 2 Ammonium carbonate pps, 
the carbonate easily soluble in excess, this 
reaction distinguishes salts of Be from salts of 
Al — 8 Bo salts give no colour when heated with 
Co2NO, 

Estimation — As oxide, by ppg by excess of 
NH,Aq, washing, drying, and strongly heating 
BeO IS separated from A1,0, by the aetion ^ 
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(NH,),CO, (t7 Hofmeister, J pr 76, 1) , or by 
oonvorting the alumma into potash alum (u 
Scheffer, -4 109, 144) 

Berylhum, Alloys of Little or nothing is 
known , v BnitYniiiUM:, Combinations^ No 3 

Boryllium, Bromide of BeBij Mol w 
168 6 [abt 600®] (Carnelley, B 17, 1357) , sub 
limes readily at 450° V D 90 (Humpidge, Pr 
38, 188) 

Preparation —1 By heating Be m Br vapour 
(Wohler, P 13, 677) —2 By heating BeO 
mixed with charcoal and made into a paste 
with starch, in dry Br (Humpidgo, P 174, 601) 
Crystals of hydrated BeBro are obtained by 
dissolving freshly ppd BeO in HBrAq, and 
evaporating (Berthemot, A Ch [2] 44, 394) 

Properties — Long white needles , very deli 
quescent Heated m air, partly sublimes, and 
IS partly decomposed into BeO and Br 

Beryllium, Chloride of BeCl^ Mol w 80, 
at low temps :=160 = Be^Cl4 [about 600°] but 
sublimes considerably lower (Carnelley, C J 
37,26, V also ibid B 17,1357) V D (b85° 
to 1500°) 40 96 (mean of 4) , V D (520°) 60 4 
(Nilson a Pettersson, B 17, 987 1 J pr 
33, 1) 

Preparation — 1 By heating Be in Cl — 2 
By heatmg BeO and C in Cl, and subliming in 
HCl —3 By heating Be in perfectly dry HCl, 
and subliming in the same (Nilson a Pettersson, 
B 17,987) 

Properties — Snow-white crystalline mass , 
easily fused and volatilised , melts to a colour 
less refractive liquid , may be sublimed un 
changed m pure dry N or CO-, , but is easily 
decomposed into BeO and Cl if a little air is 
present (Nilson a Pettersson, B 17, 987) Is 
practically a non conductor of electricity 
(Nilson a Pettersson, B 11, 382 , Humpidge, T 
174,601) 

Reactions — Dissolves m water with produo 
tionof much heat , on evaporation, an oxychloride 
Be^ OCl* ^0( = BeCl2 BeO H,0) is obtained , if 
the solution is placed over H^SO^ under a bell- 
jar, crystals of BeCl^ 4H2O separate out (Awde 
jew, P 66, 101 , Atterberg, Bl [2] 24, 358) 

Combinations — 1 With chlorides of various 
heavy metals^ to form double compounds , espe 
cially BeClj 3HgCl2 6H2O, and BeCl SnCi, SH^O 
(Atterberg, B 7, 473), BeCl^ PtCl, 9H2O 
(Thomsen, B 8, 827, 7, 75) The salt 
BeClj PtCl^ 9H20 18 analogous m composition to 
the Ca double salt CaC^ PtCl^ 9H2O , dried from 
120° to 200° the Be salt retains IH^O, and corre 
spends with double Ba-Pt salt, BaClj PtCl^ dHjO 
2 With ether to formBeCl^ (Atterberg, 

Bl [2] 24, 368) 

Bdellium, riuonde of Hydrated BeO dis 
solves easily in HFAq , on evaporation, a trans 
parent, gum like, mass is obtained which becomes 
opaque at 100°, but remains soluble in water , 
this 18 probably BeF, (Berzelius) The double 
compounds BeF^ 2KF, and BeFj EF, are de 
scribed by Marignac [A Ch [4] 30, 45), the 
former obtained by adding much KiB’Aq, the 
latter by adding little KFAq, to a solution of 
BeO H2O in HFAq, and evaporating The com 
pounds 2NaF BeFj, NaF Bel 2, and 2NH,F BeF, j 
are also described by Berzelius j 

Beryllium, Hydrated oxide of, v BaartiLiuM, 
BTDBoxn>£8 or. I 


Beryllium, Hydroxides of A compound of 
Be, H, and 0, agreeing in composition with the 
formula Be02H2( = BeO HjO) is obtained as a 
white powder by ppg a hot solution of a Be 
salt by NHjAq, or KOHAq, boiling, collecting, 
washing, and drying at 100° (Atterberg, Bl [2j 
24, 358 , Weeren, P 92, 91) , on heating more 
highly, BeO remains Van Bemmelbn {J pi 
[2] 26, 227) says that the pp by KOHAq has 
the composition BeO H^O only when heated to 
150°-180° he describes a gelatinous hydrate, 
BeO H^O, obtained by the action of NHjAq on 
BeSO,Aq, washing with cold water and drying 
in dry air at 16°-20° , the composition of this 
hydrate is constant up to 200° The compound 
BeO^H^ is not re formed by the action of water 
on BeO (for more details of this action 1; Van 
Bemmelen, Z c ) , it seems better to regard it as 
a hydrated oxide, BeO HjO, than as a hydroxide 
Be(OH)2 Other hydrates of are said to 

be obtained bv drying the pp^y NHjAq over 
H2SO4, or merely in air, but the composition of 
these bodies is variable {v Schaffgotsch, P 60, 
183 , Atterberg, B 7, 473 , Van Bemmelen, 
J 2yr [2] 26, 227) The gelatinous B#>0 H^O is 
easily soluble in acids, also in NaOHAq and 
KOHAq, and in (NHj2C03Aq By boiling the 
solution in KOHAq appt of 3BeO 4H 0 (4.tter 
berg, B 7, 473) is obtained (but v Van Bern 
melen, J pr [2] 26, 227) BeOjH^ acts ^s a 
basic hydroxide towards acids , Thomsen gi\es 
the following values for its heats of neutrahsa 
tion, solid Be02H2 being used in each case 
{Th 1, 363) , [BeO H^H SO^Aq] = 16,09b , 
[BeO H ,2HCIAq] = 13,644 These values are 
much less than those for the alkaline earth 
hydroxides (about 31,000 for HjSO^Aq) 

Beryllium, Iodide of Belj Mol w un 
known, as V D has not been determined 
Described as colourless needles obtained by 
heating together Be and I (Wohler, P 13, 677 , 
Debray, A Ch [3] 44, 6) Easily decomposed 
by action of hot air into BeO and I (De 
bray, I c ) 

Beryllium, Oxide of BeO Mol w un 
known S G 3 016 S H (0° to 100°) 2471 
(Nilson a Pettersson, B 13, 1454) S VS 8 3 

Preparation — Beryl is fused with NaKCO, 
in graphite crucibles in a wind furnace , the 
fused mass is heated for some time with excess 
of HjSO^Aq, water is added and S1O2 removed 
by filtration, the liquid is evaporated until a 
crust begins to form and is then allowed to 
stand for 24 hours or more , potash alum and 
K^SO^ separate out , the mother liquor is again 
evaporated and a second crop of alum crystals 
18 obtained and removed , the mother liquor 
18 now poured into a warm cone aqueous solu 
tion of ammonium carbonate, the pp (of 
AL^Og &c ) 18 digested m contact with the liquid 
for four or five days and then filtered, the in 
soluble portion is again heated with (NHJ^COgAq 
and the liquid is filtered off The solution in 
(NHJ^COgAq contains BeO, free, or almost free, 
from Al.Og, CaO, FejO, &o , the BeO may be 
obtained by boiling the solution (Nilson a 
Pettersson, B 11, 383), or by acidulating, boihng 
off CO2, and ppg by NHgAq (Hofmeister, J pr 
76, 3) , in either case, the ppd BeO xB^O 
■hould be again treated with (NHJaCOgAq and 
then reppd There are various other ways of 
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preparmg BeO xBl^O from beryl (v especially 
Joy, J pr 92, 232 , Scheffer, A 109, 146 , 
Berzelius, P 8, 187 , Debray, A Ch [3] 44, 16) 

Propel hea — A white, loose, infusible powder , 
insoluble in, and unacted on by, water , soluble 
in acids and in molten KOH According to 
Ebelmen {A 80, 213) BeO is obtained in hexa 
gonal crj«tals {a c = l 1 587) by cooling a 
solution of the oxide in molten boric acid , 
Debray obtained similar crystals of BeO by 
strongly heating ammonium beryllium carbonate 
{A Ch [3] 44, 15) H Bose described crystals 
of BeO obtained by heating the ordinary oxide 
in a porcelain oven {Ph G 1848 48b) , S G of 
these crystals = 3 02 

Reactions and Combinations — 1 With most 
acids to form salts, e g BeSO^, Be 2NOa, &c , the 
oiide becomes less easily soluble in acids by 
heating — 2 Decomposes molten potassium car 
honate with elution of COj , on addition of 
water BeO remai^ dissolved in the KOHAq — 
3 Does not combine directly with water^ but 
various hydrates, of which BeO H^O is the most 
important, are obtained by the action of 
NH^Aq on solutions of Be salts (v BE:aYij:.iuM, 

HYDROXIDFS OP) 

Beryllium, Oxychloride of 
Be^OClj = BeClj BeO Said to be formed by 

evaporating an aqueous solution of BeCl 

B^llium, Phosphide of Desciibed by 
Wohler as a greyish powder obtained by heating 
Be in vapour of P , existence very doubtful as 
Wohler’s Be was very impure 

Beryllium, Salts of Salts obtained by re 
placing H of acids by Be they are generally 
obtained by the action of aqueous acids on 
BeO H 0 Most of the commoner salts — sul 
phate, nitrate, oxalate, chloride— are soluble in 
water and have a sweetish taste , the carbonate 
and phosphate are insoluble in water When 
heated, the salts of Be are completely decora 
posed, except the acid be non volatile The 
chief salts of Be are the following (they are 
described under the headings Ca.rbonate3, Ni 
TRA-TES, (fee ) carbonates, chromates, molybdates, 
nitrates, perchlorate, periodates, phosphates, 
selenate, selenites, silicates, sulphates The 
following salts probably exist, but few if any 
definite facts concerning them are known — 
bromate, chlorate, hypophosphite, lodate, phos 
phite, tungstate, vanadates 

Beryllium, Selenide of Existence very 
doubtful 

Beryllium, Silioide of Be readily combines 
with Si , when Be is prepared in porcelain vessels 
a portion of the SiO^ is reduced and as much as 
20 p 0 Si may combine with the Be to form a 
hard, brittle mass It is doubtful whether any 
definite compound of Be and Si has been 
obtame<L 

Beryllium, Sulphide of Described by 
WShler (P 13, 677) as a greyish fused mass, 
which evolves HjS by action of acids , obtained 
by heatmg Be in S vapour But existence is 
extremely doubtful , according to Fremy (A Ch 
[3] 38, 32b) no sulphide of Be is produced by 
heating BeO m S, or CSj, vapour According 
to Nilson a Pettersson (B 11, 384), Be and S 
do not combine when heated together 

M M P M. 
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Beryllium ethide BeEt^ (186°-188°) From 
HgEtj and Be at 130® Takes fire m air 
(Cahours, J 1873, 620) 

Beryllium propide BePr** Does not take 
fire in air 

BETA — Compounds beginning with beta or 
bet are described as )8 compounds under the 
word to which this prefix has been added 

BETAINE CjH.jNOj le 

Internal anhydride of the methyh hydroxide 
of di methyl amido acetic acid S 16 at 25® In 
the hydrated condition CsHuNO^ aq, it may be re 
presented by the formula Me 3 N(OH) CH^ CO 2 H 

Occurrence — 1 In the juice of beet root 
{Beta vulgaris), and in beet root molasses 
(Scheibler, Z 6, 505 , B 3, 155 , Liebreioh, Z 
6 , 506 , B 3, 161) The unripe root contains 
25 pc , the ripe root only 1 p c The betaine 
18 not present in the root as such, but is liberated 
by treatment with HCl or baryta — 2 In man 
gold wurzel (Scheiblcr, Z [2J 6, 539) — 3 In 
cotton seed (Bitthausen, J pr [2] 30, 32) — 4 
In the leaves and branches of Lycium barbarum 
(Marm4 a Husemann, A Suppl 2, 383 , 3, 245 , 
Ar Ph [3] 6, 216) —5 In putrefying flesh 
(Gautier, Bl [2J 48, 13) 

Formation — 1 From tri methyl amine and 
chloio acetic acid (Liebreich, B 2, 13) — 2 By 
oxidation of neurme MejN{OH) CH CHpH 

3 Glycocoll (1 mol ) is dissolved in KOHAq and 
mixed with Mel (3 mols ) and MeOH , the 
liquid being kept alkaline (Griess, B 8, 1406) 

4 Silver glycocoll and Mel gives the iodide, 
MejNICH CO^H 

Preparation — 1 Diluted molasses are boiled 
for twelve hours with baryta , excess of baryta 
is removed from the filtrate by CO, , the liquid 
IS evaporated to a treacle and exhausted with 
alcohol , the alcoholic solution is treated with 
alcoholic ZnClj , the pp is recrystallised from 
water, and decomposed by baryta , the barium 
18 exactly removed from the filtrate by HgSO^, 
and betame hydrochloride crystallises on eva 
poration (Liebreich, *1? 3, 161, cf Scheibler, 
B 2, 292 , Friihlmg a Schulz, B 10, 1070) 

Pioperties — Large crystals (containing aq) 
(from alcohol) Ppd as plates by adding ether 
to an alcoholic solution Deliquescent Over 
H^SO^ the crystals become CgHuNO^ Sweet 
taste , neutral to litmus , inactive Decom- 
posed by heat, giving off odours of NMe, and of 
burnt sugar Not affected by CrO, or HI 
Fusion with potash gives off NMej Iodine in 
KI pps brown needles of a penodide 

Salts — B'HCl or MejNCl CH^ CO^H mono 
clinic tables, v sol water — B'HAuCl 4 plates 
or thin needles — B'aH^PtClg 2aq (R ) — 
B',H,PtCle 4aq (L ) — (B'HCl) 2 HgCl 2 — B'ZnCV 
— B'KI2aq [139®] (Korner a Menozzi, G 13, 
351)— BKI [226®] — B' 4 H 3 l 8 (BiL )2 (Kraut, A 
210, 318) — B'aHjSO^ 

Methyl ether — Iodide INMe, GHj-CO^Me 
From silver glycocoll and Mel (l^aut, A 182, 
180) 

BETH A BARBA COLOUR [186®] 

A dye extracted from a West African wood 
(Sadler a. Rowland, Am 3, 22) When dned at 
100® it contains 3aq in the molecule. 
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BETOECIK %e C,H,Mes(OH), 

[14 3 6] [163°] (c 279°) /8 Orem Di oxy 

» Xifl&ne Dt imthyl resorcin 

Formation —1 By boiling (^).pioroerytbnn 
with baryta (Stenhouse, A 68, 104 , Lamparter, 
A 134,248, Menschutkin.B/ 2,428) —2 From 
ftimdo xylenol, CgH 2 Me^(NH 2 )(OH) [14 3 5] by 
the diazo reaction (Kostaneoki B 19, 2321) 

Pj eparation —The lichen Usnea barbata is 
thoroughly extracted with cold water (10 pts ) 
and CaO (1 pt ), the extract is mixed with HCl 
A pp of usnio and barbatio acids is formed 
This mixture (1 pt ) is boiled with water (40 pts ) 
and CaO (1 pt ) for four hours An insoluble 
basic calcic usnate is formed while the barbatio 
acid sphts up into COj and betorcin Air must 
be excluded, for betorcin oxidises very readily 
The filtrate is at once neutralised with HCl, 
acidified strongly with acetic acid, evaporated 
(to 5 pts ) filtered from some tarry matter, and 
evaporated further to crystalhsation Kecrystal 
lised first from benzene, then from water 
Yield A per cent (Stenhouse a Groves, C J 
37, 396) 

Propel ties — Less soluble in water than orcin 
Gives a more crimson colour with hypochlorites 
than orcin does Fe^Cl^ gives a green colour 
Ammoniacal solutions turn red in air Boiled 
with NaOH and chloroform it forms a red, 
non fluoiescent solution 

BETULIC ACID Cs^Hs^Oa [195°] From 
betulm and CrO, m HO Ac (Hausmann, A 
182, 378) White powder, v si sol water, v 
Bol alcohol — Pb 3 (C,«H 5 ,Oa )2 

BETDLIir C,8H«„0, [251°], [258° cor] 

(Hausmann, A 182, 369) S (alcohol) 7 at 15° , 
4 2 at 78° Occurs m the bark of the birch 
(Lowitz, Cpell Chem Ann 1788, i 302 , Hune 
feld, J pr 7, 53, Hess, J pr 16, 161, Stahelin 
a Hofstetter, A 61, 79, Paterno a Spica, O 
7, 608) 

Preparation — The bark is extracted with 
96 p c alcohol, the alcohol evaporated and the 
residue after washing with water and with soda- 
solution IS crystallised from benzene or naphtha, 
the crystals are finally decblourised with animal 
charcoal and recrystalhsed from alcohol (Fran- 
chimont, B 12, 7) 

Needles , may be sublimed Insol water, v 
si sol CSj, sL sol alcohol and ether At 130° 
it gives an Anhydride Cj^HjgOj On distilla 
tion alone with powdered zme, PjOj, or P 2 SJ, 
hydrocarbons are produced of doubtful con- 
stitution 

Acetyl derivative 0mH„O(OAc), [216°] 
BETULIN AMAEIC ACID From 

betulm and fuming HNO, (Hausmann, A 
182, 374) Crystals, v si sol water, v e sol 
alcohol and ether At 110° it gives the anhy- 


dride [181°] 

Salts — K^O^H^gOij CaBaCj^H^oOif. ' 

Oa202^480,g — Pl>20jflH^80|8 CujCjjH^gO,,, 

Ethyl ether EtA.H«0,8 [117°] 
BETTJLOEETIC Ato [94°] A 

white resin found on young birch shoots and 
leaves (Kosmann, J [3] 26, 197^ Insol 
water, v sol alcohol and ether Oxidised by 
HNO, to picnc acid — AgOwH^O, flooculent pp 
BEZOAE — A concretion found in the stomach 
or intestmes of a variety of goat, Capra cegragus. 


or of the gazelle, Antilope Dorcas They contaiif 
ellagic and lithopellio acids 

BIOHEOMATES, same as Diohbomateb, g o* 
under Chbomium, acids of 

BICUHYBA FAT —The fat of Myristica 
hicuhyba consists chiefly of the glycerides of 
myristic and oleic acids , it also contains small 
quantities of resins and free fatty acid (mynstio 
acid), and a very small amount of an ethereal 
oil (Noerdlmger, B 18, 2617) 

BIEBEICH SCAELET v p 868 
BILE — A liquid secreted by the liver It is 
viscid, of green or brown colour, and has a bitter 
taste S G about 1 02 Faintly alkaline Pos 
Besses an emulsifying power like soap Its 
composition vanes Ox bile contains sodium 
glycocholate and taurocholate, oholestenn, urea, 
fats, salts of acetic and propionic acids, glyceryl 
tn acetate, glyceiyl tri propionate, pigments, 
mucus, KOI, phosphatyes ot Ca, and Mg, 
and traces of iron, manganese, and silica 
Human bile is of a similar composition 

Latschmoff (B 18, 8039) has shown that 
saponified ox gall contains, in addition to cholic 
acid (which is derived from the glyco and 
tauro cholic acids), a new acid to which he gives 
the name choleic acid The latter acid, accord 
ing to this investigator, occurs in two forms — 
anhydrous OjaH^^O^and hydrated C^sH^P^l^aq 
Mylius (B 19, 369) has found that cholip acid 
by putrefactive fermentation is reduced to a 
body (the * desoxycholic acid ’ of M ) which L 
considers as identical with his so called ‘ hydra 
ted choleic acid ’ As however L (B 20, 1043) 
was unable to convert his ‘ anhydrous choleic 
acid ’ into the ‘ hydrated choleic acid ’ by any 
other method than by boiling with acetic acid 
and M (B 20, 1968) was unable to effect the 
conversion even m this way, there appears to 
be little doubt that these so called * anhydrous ’ 
and ‘ hydrated choleic acids * are quite distinct 
acids (the conversion by AcOH is probably er 
roneous), the latter being identical with the 
‘ desoxycholic acid ’ of M Hence the ‘ anhy 
drous ’ acid will be described as choleic acid, the 
‘ hydrated ’ as deoxycholic acid Both these 
acids accordmg to L give dehydrocholeic acid 
on gentle oxidation, and cholamc acid on more 
vigorous oxidation 

To cholic acid L assigns the formula 
but M (B 19, 369, 2000 , 20, 1968) has shown 
by a long senes of careful analyses that, almost 
beyond a doubt, it is represented by the formula 
C24H4<,0* onginally proposed for it by Strecker 
On oxidation it first gives dehydrocholic acid 
C 24 H „04 and then hilvanic amd (but 

no cholanio acid, which when obtained from 
cholic acid by earlier investigators, was due to 
the presence of choleic acid) 

Pig’s bile contains sodium hyoglycocholate 
and hyotaurocholate mstead of glycocholate and 
taurocholate, it also contains glyoero phosphono 
acid and neunne denved from the deoomposi 
tion of lecithin In other respects it resembles 
ox bile The vanous constituents of bile are 
separately desenbed 

Pettenkofer^s test Bile, or an aqueous solu- 
tion of a salt of bile, is mixed with two thirds 
of its volume of H^SO^ and a drop of a 10 p.<j 
solution of sugar is added On warming to 76° 
a crimson colour is produced The reaction is' 
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mven by glycooholic, taurooholio, hyoglyoocholio, 
oyotaurooholio, and by cholic acid (Pettenkofer, 
A 62, 92 , cf Neukomra, A 116, 80 , Strass 
burg, Pfliiger^s Arch , 4, 461) The test may be 
modified by usmg phosphoric acid The sub 
stance to be tested, together with very little 
cane sugar* is dissolved in 8 drops of a mixture 
of syrupy phosphoric acid (6 vols ) and water 
(1 vol ) and the tube is then dipped into boiling 
water A crimson colour soon appears (Kolbe, 
J pr [2] 27, 424) A red colour is produced by 
many other substances than those mentioned, 
hence it is necessary to confirm it by observing 
the absorption spectrum which contains three 
bands one extending from midway between o 
and D to D, the second midway betv, een d and a, 
and the third between b and f (Heynsius a 
Campbell, PJiilger'a Arch , 4, 497 , cf Schenk, 
Fr 12, 119) X 

BILE COLOXa^JTO MATTERS v Pigments, 

ANIMAL 

BILIAEIC ACID 

probably G,oH3,(CO)2(CO,H)3 
Formed by further oxidation of dehydrocholic 
acid C2oH3,(CO)(CHO)2C02H 

Preparation —Cholic acid (20 pts ) m fine 
powder is added to a mixture of K^Cr^O, 
(40 pts ) and H^SO^ (60 pts ) in water (160 pts ), 
finally warming on the water bath till the re 
actiorf IS complete It is isolated by conversion 
into the acid potassium salt, which is sparingly 
soluble in alcohol, and then into the di ethvl- 
ether (Mylius, B 20, 1981 , cf Cl«^ve, Bl [2] 85, 
373 , Latschinoff, B 19, 480 , Bl [2] 46, 818) 
Properties — Flat needles (containing |aq ) 
Tn basic ketonic acid 

Salts — A"JBaj 6aq or 8aq tables or prisms 
— A'"HBa2aq hexagonal tables, si sol water 

and alcohol — AgjA'" 

Di ethyl ether A"'HEt2 [193°] , long 
flat needles , sol alcohol, leas sol ether — 
A'"jEt,Ba — A"'2Et,Pb 

Tri ethyl ether A"Et, [127°], satiny 
tablets, or thick pillars 

Di oxim C,pH„(C N0H)2(C02H)5 Formed 
by warming a slightly alkaline solution of bill 
anic acid with hydroxylamme Glistening tables 
Sol dilute alcohol, nearly msol water and abso 
lute alcohol Dissolves m alkahs, forming acid 
or neutral salts 

Di phenylhydrazide 
C,.H„(C N2HPh)2(CO,H), colourless needles 
Nearly msol acetic acid and hot alcohol, msol 
water Dissolves in alkalis 

ISO Bilianio Acid (?) [234°-237°] 

Flat needles Formed m small quantity, to 
gether with bilianio acid, by oxidation of cIiqIic 
( loid with KjCijO, and H2SO4 

Salts — A'^HjE silky rhombic plates, sl 
sol water and alcohol —A'"Ag, amorp^uspp 
— A'"2Ba6aq amorphous, sL sol watOT, msol 
alcohol 

Methyl ether A"'Mej [98°] , needles 
(Latschinoff, B 19, 1630) 

BILIO ACID [about 190°] Pre- 

pared by careful oxidation of cholic acid with 
chromic acid mixture (Egger, B 12, 1068) 
White needles Sol hot water and alcohol, sl 
Bol ether Dibasic acid It gives Pettenkofer’s 
reaction with sugar and H^SO^ By oxidation it 
is converted into oholesteno acid (CjaH^O,) 


BINARY THEORY OF SALTS The name 

salt was given m ancient times to the solid 
residue obtained by boiling sea water , it was 
then extended to include all sohd substances 
easily soluble m water and obtainable by evapo 
rating watery liquids At a later time the 
possession of a taste more or less resembling 
that of sea salt was regarded as a characteristic 
property of all salts When the composition of 
the bodies called salts began to be studied, a three- 
fold division was made into acid salts, alkahne 
salts, and neutral salts (v Acid, Alkali, Salt) 
Lavoisier’s discovery of the nature of oxygen led 
to the definition of acids as highly oxygenated 
compounds , and Davy’s decomposition of soda, 
potash, lime, and baryta, showed that these 
alkahne salts were also compounds of oxygen 
But as neutral salts were formed by the mutual 
action of an acid and an alkali, it followed that 
they too were oxygenated compounds A 
neutral salt, or we may say simply a salt, for 
the qualifying word neutral had been dropped 
by this time, was then regarded as constituted 
of two parts, an acid or electro negative part, 
and a basic or electro positive part From this 
time dualistic views prevailed , every compound, 
said Berzehus, must be constituted of two parts, 
which may themselves be simple or complex, 
and of these parts one is positively and the 
other negatively electrified Such a salt as 
sulphate of soda, for instance, was regarded as 
constructed of positive soda and negative sul 
phuric acid, rather than as formed by the mutual 
interaction of the elements sodium, oxygen, and 
sulphur When, chiefly as a result of the 
work of Davy and Dulong, acids had come to 
be regarded as composed of the positive element 
hydrogen united with a negative element or 
group of elements, and salts were said to be 
formed by putting metals in the place of the 
hydrogen of acids, the conception of a salt as a 
binary structure still remained One part of 
every salt was a positive element, a metal, the 
other part was a negative radicle, either a non- 
metal or a group of non metallic elements 

In some such wd^ as this arose the binary 
theory of salts, a theory which is based on the 
notion of every salt being a definite structure, 
and which conceives it possible to place all salts 
in one class, regard being had for classificatory 
purposes rather to the composition than to the 
properties of salt (v Classification and 
Salts) M M P M 

BIRCH BARE Contains betuhn (g v ) and a 
kind of tannin which is turned green by FCjCl, 
(Stahelin a Hofstetter, A 61, 79) 

BISMUTH Bl At w 208 Mol w probably 
208 (v Blitz a Meyer, ^ P C 4,249) [268° 3] 

(Rudberg, P 71, 462 , Riemsdyk, C N 20, 82) 
(1090°-1460°) (Camelley a Williams, C J 36, 
665) S G 9 769 (Schroder, P 106, 226) S G 
liquid 10 065 (Roberts a Wnghtson, A Ch [6] 
30, 274) S G 18 lowered by great pressure 
SH (20°-48°) 0306 (Kopp, T 166, 71), 

(9°-102°) 02979 (BMe, Af8m B 1855-66 28) , 
(liquid 280°-880°) 0368 (Person, A Ch. [8] 
24, 129) CE (12°-41°) 001883 (Kopp, A 
81, 1), (0°-100°) 001816 (Matthiessen, JV 
15,220, V also Fizeau, P 185,872, 188, 267) 
Ht of fusion at 266° 8 = 12,640 (Person, A Ch 
[8] 24, 129) T 0 (Ag=100) 1 8 (Wiedemann 
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A Franz, P 89, 497) E C at0° (Hg at 0° 1) 
8676 (Lorenz, W 13, 42?, 582) Cryst form, 
hexagonal a c * 1 1 3035 , isomorphous with 
Te, Ab, Sb S V S abt 21 3 H C [Bi», 0«] 
ant 95,500 (Woods, P U [4] 4, 370) 

Emission spectrum charactensed by very many 
lines , m arc spectrum the predominant lines 
are 4722 1, 4119, 3595 3, 3510 4, 3396 2, 2593, 
2524, 2400 8, 2277 (Liveing a Dewar, T 174, 
187, V also, regarding spectrum of Bi, Hartley 
a. Adeney, T 1884 63) 

Occurrence — Uncombined with other ele 
ments, in Saxony and other parts of Germany, 
in Norway, Spam, California, and m Cornwall 
and Cumberland, &c Also as Bi Oj [Bismuth 
ochre), BijSg [Bismuth glance), Bi^Te,, Bi^Cu S^, 
BLjPb^Sj, &c , &e Bismuth has been known 
for many centuries , Basil Valentine (15th cen 
tury) seems to have been the first to recognise 
it as a definite metallic body Bergmann gave 
the earliest fairly accurate account of its 
reactions 

Formation — Native bismuth is melted in 
iron tubes, and the metal is run off from 
gangue &e into pots By remelting with of 
its weight of KNO„ at as low a temperature 
as possible, until the nitre forms a solid slag on 
the surface, approximately pure Bi is obtained 

Preparation — Approximately pure metal is 
dissolved in the minimum quantity of HNOjAq, 
much water is added, the pp of basic nitrate is 
washed, boiled twice with pure KOHAq, or 
NaOHAq (Herapath,D P J 109, 40), dissolved 
in as little HNOgAq as possible, and water is 
again added The pp is washed, dried, mixed 
with black flux (obtained by heating cream of 
tartar in a closed vessel) and heated at about 
270®-280° in a closed crucible The reduced 
metal is washed in dilute HClAq, and in water, 
and dried Traces of As, Sb, or Fe, which yet 
remain m the metal are removed by partially 
oxidising and melting under the small quantity 
of BijO, formed this may be effected (1) by 
adding a httle pure KNOj, melting in an open 
porcelain crucible, keeping molten for some 
time, allowing to cool untu a small quantity of 
the metal solidifies, and pouring off the still 
molten metal from the more solid oxides on 
the surface, (2) by meltmg under Na^CO, con- 
taining 2-5 p c KCIO, and proceeding as m (1) 
(Turach, J pr [2J 14, 309), (3) by strongly 
heating with 1 part cream of tartar, then running 
the molten metal (which contains K) into a 
crucible contaming charcoal, heating for a little, 
running mto an open porcelain vessel, strongly 
heating in air for some time, and finally pour- 
ing off the molten metal from the slag on the 
surface (Mehu, D P J 211, 187) Lowe 
(Fr 22, 498) recommends ppn of Bi3NO, in 
HNO,Aq by KOH, solution of pp in excess of 
KOH xn presence of glycerine, addition of 
pape sugar, filtration from Ag and Cu, and 
boiling , pure Bi is ppd Bi -s obtained in 
well-formed crystals by meltmg the commercial 
metal with a httle KNO, m a crucible until a 
small quantity taken out appears yellow on the 
surface (mdicative that foreign metals are 
oxidised), removmg the scum of oxides from the 
surface, covering molten mass with pieces 
of charcoal (to prevent oxidation), allowing to 
^ool until a finn crust hoi formed, piercing two 


holes in the crust, and pouring off the still 
molten metal , the oruoible is found to be lined 
with crystals of Bi 

Properties — Very lustrous , white with a 
slightly reddish tinge , very easily oryatallises , 
brittle , diamagnetic, but not so when molten 
(Faraday, P Suppl 3, 1 , Weber, <P 73, 241 . 
87, 145 , Reich, P 97, 283 , Plucker, P 72, 339 , 
76, 57b , 81, 133) For thermo electric behaviour 
V Svanberg, C B 31, 250 , Franz, P 83, 374 , 
Matteuoci, G R 40, 541 Bi expands as it 
solidifies (for method of demonstrating tins v 
Bottger D P J 212, 441) May be distilled at 
a high temperature (over 1100°) in an atmo 
sphere of H The atom of Bi is tnvalent in the 
gaseous molecule BiCl, Bi forms numerous 
alloys most of which melt at low temperatures, 
and expand on solidification [v Bismuth, alloys 
of) The atomic wemht of Bi^as been deter 
mined (1) by finding v D cdf"and determining 
Cl in, BiCl, (Dumas, A Ch [3] 55, 129 a 170) , 

(2) by oxidising Bi to Bi^Oj by means of HNO, 
(Schneider, P 82, 303 , J pr [2j 30, 237 , Lowe, 
Fr 22 498, Mangnao, A Ch [6] 1, 289), 

(3) by converting Bi^Og into sulphate (Mangnac, 

I c ) The exact value to be given to the at w 
of Bi 18 still doubtful , it is certainly not greater 
than 208 Bi is metallic m its chemical func 
tions, it shows a marked tendency to form 
basic rather than normal salts , many of* these 
basic salts may be represented as containing 
the group BiO e g BiO NOg, (BiO) SO^, &c , 
several oxychlorides and oxybiomides aie known , 
no h>diide of Bi has yet been obtained , the 
oxides of Bi are salt forming m their reactions 
with acids, none of them is an anhydride, but 
moist Bi^Oj dissolves m very oono boiling 
KOHAq probably with formation of compounds 
in which Bi acts as part of the negative radicle 
[v Bismuthio oxide under Bismuth, oxides of) 
Bi shows distinct analogies to As and Sb, also 
to the other members of Group V , in its chemical 
relations , for fuller discussion v Bismuth, 
CHEMICAL RELATIONS OF Bl SaltS 016 USed in 
medicine the alloys are used in printing, 
soldering, &c 

Reactions — 1 Very superficially oxidised in 
ordinary air heated in air or oxygen burns to 
B 12 O 3 —2 Decomposes steam at a red heat — 
3 Combines directly with several elements, 
especially O, Cl, Br, I, S, 8 e, and Te [Bi,Cl*J 
= 90,630 [Th 2, 410), [BiSO»] = abt 95,000 
(Woods, P M [4] 4, S70) —3 Scarcely acted on 
by hydrochloric acid dilute or oonc — 4 With 
hot cone sulphuric acid a basic sulphate is 
formed — 5 Quickly dissolved by nitric acid 
with formation of Bi3NO , — 6 Oxidised, but 
slowly and partially, by fusion with potassium 
nitrate or chlorate 

Estimation — Generally as Bi^O,, after ppn 
from a solution free from HCl and chlorides by 
excess of ammonium carbonate, and warming for 
some time , the pp is washed, dried, and heated 
whereby BijO, is produced Also by addmg 
much water to a solution in as httle HCl as 
possible, wamnng, collecting BiOCl, and drying 
at 100°-110° (traces of Bi remain unppd ) , 
the BiOCl may be reduced by heating with 
KCN, and the Bi weighed Ppn as BijS] and 
weighing IS not to be recommended, as Bi^S, 
IS easily oxidised m moist air Volumetnc 
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methods of estimating Bi, none of which how- 
ever IS altogether satisfactory, have been based 
on (1) ppn of Bi(IO,), from acetic acid solu- 
tions by a measured mass (excess) of HIOgAq, 
and determination of residual HlOg (Buisson a 
Ferray, M S [3] 3, 900) , (2) ppn of Bi chro 

mate from jfearly neutral solutions by K2Cr04Aq 
or K^CrPjAq , (3) pptn of Bi phosphate by 
standardised Na^HPO^Aq , (4) ppn of Bi 

oxalate, conversion into basic oxalate by boiling 
water, and titration with KjMn O^Aq , (5) ppn 
of double oxalate of Bi and K by standardised 
KjCjO^Aq and determination of residual K^C O4 
by KaMn^OsAq (Pattison Muir, G J 29, 483 , 
82, 674, 33, 70, (with Eobbs) C J 41, 1) 

Chemical Relations of Bismuth — Bi is the 
highest known member of Group V , this group 
contains the following elements — 

Evfn tenet 2 ^ 4 6 8 10 12 

N = U Nb*94 Di = 142 Ta = 182 — 

Oddteriet 3 6^ 7 9 11 13 

P=31 A8=78 Sb=:120 Er=166 Bi=208 — 

Taken as a whole these elements are negative 
and their compounds with H and O react as acids 
As the group is ascended the negative charac 
ters become less marked until Bi is reached, 
omitting N, the oxides of the even series 

members, so far as known, are salt forming in 
their reactions with acids , but in the odd series 
members these oxides, on the whole, are salt 
forming only in their reactions with bases, until 
Series 9 is reached, when the character of the 
oxides MjOg becomes decidedly basic The 
oxides MjOj, on the whole, are acid forming, but 
tlie acidic functions of Bi O5 are very feeble 
Salts foimed from acids by leplacement of Hare 
obtained in the cases of V, Di, Er, and Bi , but 
most of the salts of vanadium, and many of those 
of Bi, seem to contain groups of the form MxOy, 
acting as the more positive part of the salt , 
several salts of the normal type, eg -INO,, are 
however known and several normal Er and Di 
salts have been prepared Vanadium is charac- 
terised by the great number of complex com 
pounds into which it enters, sometimes as part 
of the positive, sometimes as part of the nega 
tive, group of the salt Considering the composi 
tions of the haloid, and oxyhaloid compounds, we 
find that, so far as investigation has gone, com 
pounds oif the form MX5 and MOX3, where X =» 
a halogen element, exist when M is any member 
of the group except Bi or As (N is omitted as 
there is much doubt concerning the composition 
of its haloid compounds), and in the case of As 
compounds of AsFj with KF, &c , seem to exist , 
the compounds BiBr2(C8Hj)5 and BiCl2(C^H5)3 
are known as solids (Michaelis, B 20, 62) 
The haloid compounds BiX, are less easily 0x1 
dised than the corresponding compounds of P, 
As, or 8b The basic character of the oxides of 
bismuth, the existence of many salts in which 
Bi acts as the metallic element, the stability of 
the haloid compounds B1X3 and the non exis 
tenoe of BiXj, the non existence of any com 
pound in which BijS, acts as the negative 
radicle , these, among other properties, show 
that Bi must be classed as the distinctly 
znetalho element of Group V But the feebly 
acidic functions of B13O4 towards strong alkalis, 
the readmess with which so called basic salts of 
bismuth are formed, the fact that Bi^O^ and 


BijOj form no corresponding salts, the existence 
of several complex oxyhaloid compounds , these, 
among other properties, show that the general 
non metallic character of Group V to some 
extent belongs to Bi 

Bismuth, Alloys of Bismuth alloys with 
many metals when melted with them, these 
alloys are characterised by low melting points, 
and, many of them, by the expansion which 
they undergo as they cool after being melted 
The most technically important alloys are — 
Newton's metal , 8 parts Bi, 6 Pb, and 3 Zn, 
M P = 94° 5 Rose's metal , 6 Bi, 3 Pb, 2 Sn, 
M P = 91° 6 Wood's metal , 15 Bi, 8 Pb, 4 Sn, 
8 Cd, M P = 68° Fusible metal , 2 parts Bi, 
1 Pb, 1 Sn, M P = 93° 7 , this alloy expands 
from 32° to 95°, contracts gradually to 131° 
when its volume is less than at 32°, then 
expands to 174°, after which its expansion is 
uniform 

Amalgams of Bi are easily formed at or- 
dinary temperatures Alloys with copper are 
formed below the melting point of Cu , an alloy 
of 2 parts Bi with 1 part Cu begins to expand 
after solidifacation (Marx, S 58, 470) An alloy 
of 3 parts Bi with 1 part iron is magnetic 
Alloys of Bi and palladium are hard as steel , 
with ^ part spongy platinum Bi forms an easily 
fusible alloy which separates into Pt and Bi 
when fused at a low red heat Bi does not alloy 
with zincy on mixing melted Zn and Bi two 
layers are formed, one containing a little Bi and 
much Zn, the other much Bi and little Zn 

Bismuth, Bromides of Only one bromide, 
BiBrg, has been obtained with certainty , but 
many facts point to the existence of a lower 
bromide, probably BiBtg 

Teibromide BiBr, (Bismuthous bromide ) 
Mol w unknown, but probably as represented 
by formula [210°-215°] (Pattison Muir, C J 
29, 144) (Between 454° a 498°) (Carnelley a. 
Williams, C J 33, 283) 

Formation — 1 By heatmg powdered Bi in 
CO2 charged with Br vapour — 2 By adding 
powdered I3i to a soliition of Br m dry ether, 
and evaporating in vacuo 

Preparation — 1^ parts Br are allowed to 
flow, in small successive quantities, into 1 
part powdered Bi in a small retort with the 
beak tilted upwards , when the mass is cool, 
the retort is very gently warmed for some days, 
and from time to time a few drops of Br are poured 
into the retort , the bromide forms in yellow 
crystals a little distance above the heated 
mass 

Properties and Reactions — Golden yellow 
crystals , S G *^54, verydehquescent, soluble 
in dry ether , decomposed by water to BiOBr 
and HBrAq , partially reduced to Bi by heating 
in hydrogen , heated with Bi^O, forms BiOBr , 
by action of nitrogen oxides obtamed by heating 
starch with HNOjAq the oxybromide BigOisBr, 
IS produced , unchanged when heated m CO* or 
BO2 , reacts with ammoniay when heated in that 
gas, to form (1) BiBr, 3NH, which is a straw 
yellow powder, soluble m HClAq and yielding 
BiBrj 3NH4CI H2O by evaporation over £[*804 , 
f2) probably BiBr, 2NH3, an olive-green solid , 
(3) an ash grey, crystalline, infusible, solid, pro- 
bably BiNgBr. The compound 2BiBr^Kl4 u 
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obtained (along with Bi), as a greyish-green pow- 
der, by heating BiflOisBr, to dull redness in dry 
NH, (Pattison Muir, C J 29, 144, 16, 27) 
A solution of BiBr, in saturated KClAq deposits 
crystals of BiCl^Br^Kj l^HjO (Atkinson, C J 
43, 292) Does not combine with Cl 

Dibromidf — Probably BiBr^ or Bi^Br^ In 
preparing BiBr, dark grey crystals are formed 
if there is a deficit of Br, these contain Br 
nearly agreeing with the formula BiBrj , on 
heating they give Bi and BiBr, Weber (P 
107, 699) obtained a brown mass — probably a 
lower bromide than BiBrj — by heating BiBr, 
with Bi, Macivor (C N 30, 190) obtained a 
dark grey sohd, melting at 198°- 200°, by heating 
Bi and Br 

Bismuth, Chlorides of Two chlorides are 
known, BiClj and BigCl^ all attempts to foim 
a chloride with more Cl than B1CI3 have failed 
Both may be obtained by the direct combination 
of Bi and Cl , B12CI4 is separated into BiCl^, Bi, 
and Cl, by heating , B1CI3 is reduced to B12CI4 
by heatmg with Bi, or with Hg Clj 

Trichloride — BiCl, (Bismuthous chloride) 
Mol w 314 [227°] (Pattison Muir, C J 29, 

144) (427=^-439°) (Carneliey a Williams, G J 

83, 281) 

Formation — 1 By heating 1 part powdered 
Bi with 2 parts HgClj in a retort —2 By dis 
solving BijO, in HClAq, evaporating to dryness, 
heating in air and then in a retort — 3 By 
heating BiP, in dry Cl 

Preparation — Powdered Bi is heated in a 
current of dry Cl, in a retort with the beak 
tilted upwards and furnished with an exit tube 
passing into cone H2SO4 , when a light yellow 
liquid has been formed, the stream of Cl is 
slackened and the retort is very gently heated 
for some time , crystals of BiClg sublime on to 
the upper parts of the vessel The crystals 
may be distilled into small tubes in a current 
of <i^ N , the tubes are at once sealed 

Properties and Reactions — White, very deli 
quesoent, crystals, melting m Cl to a pale 
yellow hquid , S G J^° 4 56 , soluble in dry 
alcohol Heated in air between two watch 
glasses part sublimes and an oxychloride — 
BijOjCl, or Bi40,Cl4— remains The same oxy 
ohlonde is obtained by the action of nitrogen 
oxides (from starch and HNO,Aq) on BiCl, 
Heated in hydrogen B12CI4 and Bi are formed, 
at a higher temperature all the Cl is removed 
Decomposed by water to BiOCl and HClAq , the 
amount of change depends on the relative 
masses of BiCl„ HCl, and H2O, and on the 
time , when the reacting bodies are mixed in 
the ratio BiCl, 26HC1 10,000 HjO a little 
BiCl, remains unchanged even after 14 days 
action (v Pattison Muir, C J" 36, 311 , Ostwald, 
J pr [2] 12, 264) Heated with sulphur 
BiSCl is formed (v Bismuth sdlphochloeide) 
Not acted on by CrOjClj , scarcely acted on by 
80j , does not oombme with Br (P M , C J 
39. 38) 

Conibmations — With ammonia to form 
(1) 2B1OI, NBl,, a red, fusible, crystalline, 
solid , {2) BiCl, 2NH„ a greemsh solid , (3) 
BiCl,8NH„ a white, volatile solid fD6h6raiD, 
C B 64, 724) These ammomo-chlondes by 
treatment with HClAq yield compounds of the 
lorm aBiCl« yNH4Cly where x vanes from 1 to 2, 


I and y from 1 to 6 With potassium cMoridi 
forms BiCl, 2KC1 2JH2O, also with sodium 
chloride forms corresponding salt with SH^O, 
a solution of BiCl, m hydrochloric acid 
when evaporated gives needles of B1CI3 2HC1 
(Jacquelain, A Ch [2] 62, 863) 

Dichloride — Probably Bi2Cl4 ]4Iol w un- 
known 

Formation — 1 By gently heating BiCl in 
H , but the product is mixed with Bi and BiCi, 

2 By heating B1CI3 with Bi (Weber, P 107, 
596) ~3 By heating B1CI3 icNH4Cl m H to 300^ 
(Schneider, P 96, 130) 

Preparation — A very intimate mixture of 
2 parts HgCl with 1 part extremely finely 
powdered Bi is heated to 230°-250° in a closed 
tube for some time , the mixture melts to a 
dark brownish black liquid, and Hg (with a 
little Bi) collects at the bottom oj^4ihe tube, the 
Bides of the tube are tepped^rom time to time 
to make the Hg settle , after cooling the B12CI4 
solidifies over the Hg, it is removed as quickly 
as possible to another tube — which is at once 
closed — and again melted , this process is 
repeated several times , nearly pure B12CI4, 
containing a very little Hg and Bi, is finally 
obtained (Schneider P 96, 130) 

Properties and Reactions — Black, or nearly 
black, extremelv deliquescent, solid , with water 
forms BiOCl, with potash gives Bi^O^ wlich is 
quickly oxidised to Bi^Og xB. O , with dilute 
mineral acids gives Bi salts and Bi , heated to 
about 300° gives BiClj and Bi 

Bismuth, Cyanides and Ferrooyanides of, 
V Cyxnides 

Bismuth, riuonde of Only one fluoride of 
Bi has as yet been prepared (Pattison Muir, 
Hoffmeister and Bobbs, C J 89, 33), BiF, 
Mol w unknown 

Preparation — 1 B12O3 is added in small 
successive quantities to HFAq heated in a Pt 
dish until the oxide ceases to be dissolved , the 
liquid 18 decanted and evaporated at 100° , the 
residue, BiFg SHF, is warmed at about 110°- 
120° in a closed Pt crucible until dry, and is then 
heated (in the closed crucible) so long as HP la 
evolved — 2 Excess of saturated KFAq is added 
to a solution of Bi(N03), in the minimum quan 
tity of dilute HNOgAq, the pp is thoroughly 
washed with boiling water, dned at 100°, and 
heated to dull redness in a closed Pt crucible 
Properties — Grey, heavy, crystalline, solid 
S G f 5 5 33 Unacted on by water , insoluble 
in al<x>holt scarcely changed or volatilised by 
heating to redness in open Pt dish , not oxi- 
dised by heating in nitrous oxides (from starch 
and HNOgAq) , dissolved, with decomposition, 
by hot HCl, HNOg, or H2S04Aq Combines with 
HF to form BiF, SHF {v supra) which is a 
crystalhne, greyish white, deliquescent solid, 
decomposed by boihng water to BiOF {v Bis 

MUTH OXTFLUORIDE) 

Bismuth, Haloid Compounds of BiF, ; 
BiClg, B12CI4 , BiBr, (? Bi2Br4) , Bil, The V D 
of BiCl, only has been determined, the other 
formulsB are probably molecular B12OI4 and 
BijBr, are decomposed by heat to Bi and BiX, , 
the others are unchanged when heated out of 
air , heated in air all except BiF, are more or 
less oxidised, BiOl, to the greatest, and Bil, to 
the leaati extent Bil, is a very stable com- 
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t>oand (v Bisiiuth, fluorid* of , chlorides of , 

BROMIDES OF , and IODIDE OF) 

Bismuth, Hydrated oxides, or hydroxides of, 
V Bismuth, oxides of 

Bismuth, Iodide of Bil, Mol w unknown , 
probably as represented by formula 

Formation — 1 By heating an intimate 
mixtuie of^ part Bi^Sg with 1+ parts I, m a 
large, loosely covered flask, and then heating 
the sublimed Bil,at lOO'^ to remove I (Schneider, 
P 99, 470) —2 By dropping BiSNO, in dilute 
HNOjAq into cone KlAq, dissolving the brown 
pp m fairly cone HIAq, and ppg Bil, by as 
little water as possible (Rammelslieig, P 48, 166), 
drying pp at 100®, and removing free I by one 
or two washings with absolute alcohol — 3 By 
thq action of HIAq on Bi^O, 

Preparation — An intimate mixture of 1 part 
Bi with 2 part^ is gently heated in a flask with 
a long neck pjfc^sij^ int^ another flask , the 
sublimate is finely powdered and again heated 
in the same way as before , this is repeated once 
or twice , and finally the mass is distilled in a 
fairly rapid current of dry COg (Weber, P 14, 
113 [slightly modified]) 

Properties and Reactions — (Pattison Muir, 
Hoffmeister a Robbs, C J 39, 33 ) Dark grey, 
metal like, lustious, crystals (probably hexagonal, 
Nickl^s, C B 60, 872) , S G 6 65 S (alcohol 
at 20°^ c 3 6 Unchanged in air , heated m 
air a very little BigO, is formed Unchanged by 
heating in hydrogen^ or with sulphury or in 
sulphur dioxide Slowly changed to BiOI by 
a large quantity of cold watery more quickly 
by boiling water Very partially converted into 
BiOI by heating in N oxides (from starch and 
HNOjAq) Bilg is much more stable than either 
BiCl, or BiBr, 

Combinations -With HI toforraBiI, HI dHgO 
(Arppe, P 44, 248) With MI (M = Na, K, NH,), 
and MIj (M»Ca, Ba, Mg, Zn), to form double 
compounds isomorphous with the corresponding 
compounds of Sbl, obtained by direct com 
bination of the iodides, or by acting on Bi with 
I m presence of the iodide MI or MIg , they are 
ill deliquescent, and are easily resolved by water 
into their component iodides (Nickl^s, C B 61, 
1097 , Linan, P 111, 240) 

Bismuth, Oxides and hydrated oxides of 
Four oxides are known, BigOj, Bi^O,, BigO„ 
BigO., as none has been gasified, the VD 
and hence the molecular weight of none is 
known These oxides all react with acids to 
form the same series of salts, BiX„ where 
RO CO 

X —NO,, — - »’ &o , if much water is present, 

2 2 

basic salts, usually of the form BiOX, are 
produced , in the reactions of Bi^O, with acids 
Bi 18 separated as metal , in the reactions of 
BI3O4 and B13O5 oxygen is evolved BigO, rcHgO 
18 slightly soluble m very cone boiling KOHAq, 
but no salts have been certainly obtained in 
which the acid radicle is composed of Bi and 0 
BijO- IS easily oxidised to BijO, , Bi^O^ and Bi^O, 
are deoxidised to Bi^O, by heatmg in air or 
oxygen to about 820’ and 250® respectively, 
BigO, IS unchanged when heated in air or 
oxygen BigO, is not hydrated by contact with 
water , B13O4 and BijO* are hydrated in moist 
air, in contact with water they are partially and 
slowly deoxidised to hydrates of BijO, 

VoL. L 


The more important papefs on the oxides and 
hydrated oxides of Blare as follows — 1 On oxides 
containing less O than Bi,0, — Thomson {Prac 
Glasgow Phil 80 c 1841-42, 4) , Hemtz (P 
63, 66, 659) , Schneider (P 88, 49 , 97, 480) . 
Arppe (P 64, 237) , Vogel (Kastner's ArchiVy 
23,86) , Berzelius {Lehrbuchy 2, 574 [6th ed]) , 
Schiff (A 119, 831) , Pattison Muir (C J 
82, 128) —2 On oxides containing more O than 
BigOs — Jacquelain [1838] (/ py 14, 1) , Hemtz 
[1844] (P 63, 669) , Arppe [1845] (P 64, 237) J 
Bottger [1858] {J pr 73, 494) , Pchrdder [1862] 
{A 121, 204) , Boedeker [1862] (^ 123, 61) . 
Wernicke [1870] (P 141, 109) , C Hoffmann, 
[1884] (A 223, 110), Pattison Muir [1876 to 
1886] {G J 29, 144 , 31, 24 , 32, 128 , ibid 
39, 21 [with Hoffmeister a Robbs], 61, 77 [with 
Carnegie]) , Hasebrock [1887] {B 20, 213) — 8 
On Bi O3 — Bonsdorff (P 41, 305) , Fuchs (S 
67, 429) , Stromeyer (P 26, 653) , Liebig {Mag 
Pharm 35, 114) , Pattison Muir (I c ) 

Hypobismuthous oxide BigOj {Bismuth 
suboxide Bismuth dioxide Black oxide of 
bismuth) 

Preparation — A mixture of 1 part SnCl^ 
and 2 5 parts BigO, is dissolved in as little 
fairly cone HClAq as possible, the solution is 
poured into an excess of KOHAq (about 1 KOH 
in lOAq) m a stoppered flask so that the flask is 
nearly ^led with the liquid, the stopper is 
placed m the flask, and the black pp is allowed 
to settle , the pp is washed with cold KOHAq 
(in air free water) less concentrated than that 
used in the ppn the flask being each time 
nearly filled with the liquid, and then with air 
free water , it is then quickly dried by pressing 
between filter paper, and placed over H3SO4 %n 
vacuo (Schneider, P 88, 45) 

Properties and Reactions — Black, crystal 
line, powder , begins to oxidise in air at about 
180® , at red heat quickly oxidised to BijO, , 
oxidised to Bi204,xHg0 and BigO^^HgO by boiling 
with KOHAq andBr, oxidised to B12O4 irH^O 
by KjMn^OnAq , when moist, BijO, is rapidly 
oxidised in air to Bi^O, 2H 0 , oxidised by con- 
tact with a very littlerfiNOjAq, decomposed to 
B12 fiNOg and Bi by more HNOgAq, dissolved 
entirely by a considerable quantity of the same 
acid , decomposed by HCiAq or H2S04Aq to 
BiCl„ or Bi sulphate, and Bi , deoxidised, to 
Bi, by heating in H or CO, decomposed by 
boiling KOHAq with formation of Bi (Schneider, 

1 c y Pattison Muir, Z c ) No hydrate of B12O, 
has been definitely obtained Solution of Bi^O, 
in tartaric acid is said to give Bi^Sj by reaction 
with HjS (Schneider), v Bismuth disulphide 

Bismuthous oxide BijOj {Bismuth trioxide) 
S H (12®-97®) 0609 (Regnault, A Ch [3] 1,129) 
8G =.8 21 (Herapath, P Af 64, 321), 8 08 
(Playfair a Joule, C J Mem 3, 67) Occurs 
native generally associated with oxide of iron. 

Formation — 1 By heating Bi in air or O — 

2 By ppg Bi nitrate or chloride solution by 
excess of alkali and boihng , thus prepared 
always contains some oxynitrate or oxychloride 

Preparation — 1 Basic Bi nitrate, obtained 
by ppg solution of Bi m HNO,Aq by large 
excess of water, is heated in a Pt dish with 
constant agitation until oxides of N are no 
longer evolved If this oxide u fused with 
KOH it oiystalhses on oooUng m rhombio 

L L 
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prismi a 6^«* 8166 1 1 064 (NordenslcjOld, P 
114, 612) —2 BiOCl (g V ) IS shaken for some 
time with very cone KOHAq, until the change 
to Bi^O, and KCl is complete , the Bi^O, is 
washed with cold water until quite free from 
KOH and KCl and dried the oxide may be 
thus obtained in distmct crystals 

Properties and Reactions — Heavy, yellowish 
white, solid , unchanged by heating in atr or 
oxygen Dissolves in acids to form Bi salts 
{v Bismuth, salts of) HPAq heated with 
BiPs dissolves part of it as BiF, SHF and 
converts the rest into BiOF 2HF , HXAq (X = Cl 
or Br) added to Bi^O, little by little converts the 
whole of the Bi into BiOX, on addition of more 
HXAq the BiOX dissolves as BiX, , with a little 
HIAq Bil, IS alone formed, if very dilute HIAq 
IS added and the temperature is raised BiOI only 
IS produced, with considerable excess of fairly 
cone HIAq Bil, is formed and dissolved Heated 
in chlorine, BiClj is formed , with bromine BiBr, 
and Bi,,0,^r, are produced Heated in carbon 
monoxide reduction begins at about 200°, and 
in hydrogen at about 240° Bi^Oj is not hydrated 
in moist air , nor is it altered by contact with 
water Unchanged by heating in nitrogen 
Oxidised to B12O4 and BiPjby action of chlorine 
in presence of much hot KOHAq , scarcely oxi- 
dised by KjMnjOeAq (u further Hypobismuthic, 
and Bismuthic, oxide) 

Hydrated bismuthous oxide Bi 208 .icH 20 , 
05 = 1, 2, and 3 The hydrate with 2H2O is 
obtained by dissolving Bi208a;H20 in cone 
HClAq, ppg by KOHAq, and drying over 
H2SO4 in vacuo the hydrate with Hp is 
obtained by dissolving BijO^ a:H20 in cone 
reducing by SOj, ppg by KOHAq, and 
drymg as befoie (P M , C J 32, 131) 
BigO, SHp IS very difficult to obtain quite free 
from oxy salts and Bi 0 ^ , pps formed by adding 
KOHAq to BijO, in HCl, HNO„ or H^SO^, and 
washing with cold water, always contain basic 
chloride, &c , if washed with hot water they 
contain Bi O, Nearly pure Bi^Og SHjO is ob 
tamed by dissolving BigO# in the minimum of 
HNOjAq, pouring mto ei^cess of cone NHjAq, 
washing with cold water until the washings 
contam no nitrates, then repeatedly agitating 
with very dilute Na2CO,Aq (to decompose traces 
of basic nitrates), again washing repeatedly 
with cold water, and drying in vacuo over H2SO4 
The hydrates of Bi^O, are white solids, easily 
dehydrated by heat, partially even by contact 
with hot water, BijOj does not directly com- 
bine with water The hydrates behave towards 
acids and oxidisers similarly to BijO, None 
of these hydrates shows the slightest m 
dications of acidic functions Thomsen gives 
the thermal values [Bi^ O’, 3HO] = 137,740, 
[BiO*H*, HClAq] = 14,180, with formation of 
Bi0Cl + 2H20Aq (TA 2,244) 

Hypobismuthic oxide, and Hydrates, B12O4, 
Bi204.H,0, B12O42H2O (Arppe, Schrader, 

B6ttger, Wernicke, Pattison Muir) Preparation 
of — BijO, 18 suspended in KOHAq, S G 

abt 1 86, the liquid is kept nearly boiling, and 
Cl IS passed m until the solid is dark chocolate - 
red and qmte homogeneous to the eye , the solid 
IS washed with hot water until the washings are 
neutral to litmus, kept m contact with dilute 
(1 cono. acid to abt 20 water) until the 


colour of the solid has become browhlsh-yellcw 
(12-16 hours) (to dissolve any BijO, and reduce 
any BijOJ, washed free from acid, and boiled 
with cone NaClOAq (to reoxidise any traces of 
B12O,) until a heavy, yellow brown, powder is 
formed which settles quickly, this powder is 
washed with hot water until qmte free from 
alkali and Cl, and dried at 180° * 

Hydrates —If the drying is conducted over 
HjSO^ the hydrate B1JO4 HjO is obtained If 
Bi^OijirHaO {v infra) is treated with warm 
HNOjAq until the colour is orange-yellow, 
washed, and dried over H2SO4, the hydrate 
B12O42H2O IB obtained These hydrates are 
also formed, the first by the action of ordinary 
air on B12O4, and the second (with 2H2O) by the 
action of moist air on B12O4 they part wijkh 
their water of hydration at about 160° 

properties and Reactions — B^P4 is a brown 
ish yellow solid , S Gr. ^ ^6 , deoxidised (to 
B12O8) and dissolved by fairly cone HNO^Aq, 
or HClAq, more slowly by cone £1^2804 , slightly 
deoxidised by contact with water in direct 
sunlight, oxidised to BijOj a^H^O by Cl in presence 
of hot cone KOHAq , is not oxidised by ozonised 
O at 100°-140° , heated in Cl gives B1CI3 and a 
little BijO^Cl, , heated in Br gives BiBrjand con- 
siderable quantity of Bi,,0,,Br, Heated in CO 
reduction begins at abt 106° and the change to 
Bi^Oj IS complete at about 245°-250° , with H 
the corresponding temperatures are abt 200° 
and 265°, respectively , heated in air or in O the 
temperatures are abt 240° and 320°, respectively 
Neither of the hydrates exhibits any decided 
acidic functions 

Bismuthic oxidb, and Hydrate, B12O4 
{Bismuth peroxide) BijOj HjO {Bismuthic 
aci^ S G Bi O5 6 917 (Brauner a Watts, P M 
1881 62) S V S 42 S G BijO^ HjO 6 76 

Preparatum — BijOg, or BiOgHg, or BiOCl, is 
suspended in about 10 parts of cone KOHAq, 
S G about 1 38, the liquid id kept nearly 
boiling and Cl is passed m until a dark red 
homogeneous solid is formed , this solid is washed 
with hot water until the washings do not change 
the colour of red litmus paper and every trace of 
chloride is removed, it is then warmed for a 
very short time with a little cono HNO,Aq 
until its colour is scarlet, washed repeatedly and 
quickly with dilute HNOjAq, each quantity of 
acid being more dilute than the preceding, and 
then with cold water until every trace of acid is 
removed If the solid is now dried over 
H2SO4, BijOjHjO 18 obtained, if this is dried 
at 120° BijOft remains (Pattison Muir, C J 
89,22) 

Properties and Reactions — A red, heavy 
powder , combines with water to form BijOj HjO , 
in contact with much water is slowly deoxidised 
with production of hydrates of B12O4 and BijO, , 
also deoxidised by hot dilute HN03Aq, giving 
first B12O42H2O, and then hydrates of B13O, 
Deoxidised to B12O4 by heating in current of air 
or oxygen at about 260°, and to Bi20a by heating 
in the same gases to about 805° , reduction in 
CO begins at about 70°, in H at about 100° , 
reduction to B12O4 is complete in H current at 
about 216°, and to B13O, at about 266° Beaots 
with Cl, and Br, to give BiOl, and a little 
Bi,OaCla, and BiBr, and a little BijjOjaBri, 
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fMpe<)tlvely Does not ozhibit any decided 
ooidio functions , BijO, H/), hoi^ver, dissolves 
m about 100 parts of boiling KOHlAq so con 
oontrated that sohdification begins the moment 
the lamp is removed , on cooling, dissolving in 
as little water as possible, and nearly neutralising 
by HClAq (or by exposure to air) yellowish- 
white solidf are obtained from which all potash 
is removed only by very long continued washing 
with boiling water The solids dried at 100 "^ 
contain a little water, Bi, and generally rather 
more O than is required by BijOg Solutions of 
Bi Oj H^O in very cone boiling KOHAq, there 
foie, probably contain compounds of the form 
ccBijOji/KjO In the preparation of BijO, the 
very cone KOHAq dissolves a little of the Bi^O, 
as this 18 formed , on nearly neutralising with 
HClAq a white pp is obtained, which, after long- 
continued wq^ing with boiling water, consists 
of Bi^Oa dH^^^Pattison^uir a Carnegie, C J 
51, 77) In the 'Reparation of BiaOj a por 
tion of the potash is very obstinately retained , 
the whole of the potash can scarcely be removed 
by washing with boiling water compounds of 
the form xBijOj 2 /K^O are probably formed, but 
every attempt to isolate these bodies has failed 
Bismuth, Oxyhaloid compounds of Oxy 
bromides, oxychlorides, oxyiodides, and an oxy 
fluoride, of bismuth have been prepared All 
the haloid compounds BiXg, where X = Cl, Br, 
or I, are oxidised by heating in air , only a 
very little BiOI is produced by long continued 
heating Bilg , BiBr, gives BigO,jBrg, as BiCl, 
gives BijO^Cl, The same oxyhaloid compounds 
are formed by the reaction between N oxides, 
(from starch and hot HNOjAq) and hot BiX, 
the oxidation is earned furthest m the case of 
BiBr„ in this case the whole or nearly the 
whole of the haloid compound may be oxidised 
The most stable haloid compounds towards 
oxidisers are BiF, and Bil, 

OxYBROMiDER Three oxvbromides are known 
BiOBr, BipOiaBry, and BigOuBrg 

Bismuthyl bromide^ BiOBr, is produced by 
the action of water on BiBr, , or by heatmg 
together Bi^O, and BiBr, , or by dissolving 
BijO, in HBrAq (BiBr, is formed in solution) 
and adding BijOj little by little It is a white 
amorphous powder , S G ^67, msoluble in 
water , unchanged when heated to redness , 
mixed with charcoal and heated m dry Cl, 
BiCl, is formed, reacts with cold HClAq to 
form BiCl, and BiBrg, with cold HIAq to form 
Pilg and HBrAq, and with hot HFAq to form 
BiBr„, BiOF and BiF, SHF BiOBr heated 
in NH 3 IS reduced to Bi, and a little 
icBiBr, 1 /NH, is formed, x probably = 2 and y 
probably = 5 (Pattison Muir, G J 29, 144) 

The oxyhromide BiuOuBr, is produced by 
heating dry BijO, with excess of Br for some 
hours and removing unoombined Br by warming 
in free contact with air It is a cream coloured, 
non deliquescent, amorphous powder un- 
changed by heating in air , unacted on by 
water , dissolved by warm HClAq and HNO,Aq 
(P M , C / 31, 24) 

The oxyhromide BigOjsBrg is produced (1) by 
slowly subliming BiBr, in contact with a little 
air, (2) by passing N oxides (obtained by 
heating starch and HNO^^q) into melted BiBr, , 


in the first reaction only a little of the BiBr, is 
oxidised, in the second reaction most of th« 
BiBi, 18 oxidised In either case the product is 
washed with water and dried at 100’® This 
oxy bromide is a grey, lustrous, orysiallme, 
powder , unchanged by water, or by heating to 
redness , soluble m HClAq and cone H!NO,Aq , 
slowly reduced by H, finally giving Bi , heated 
in dry NHj,, Bi remains, and a greyish green 
sublimate of 2BiBr8 5NH, is formed (P M , C J 
80, 12 , 31, 24 , 82, 40) 

Oxychlorides Three oxychlorides, BiOCl, 
Bi,0,,Clj„ BijOaCij (or Bi^OjCi^), are known 

Bismuthyl chloride, BiOCl, is formed by 
adding water to BiCl, in a little HClAq , or by 
pouring Bi 3NO, in HNOjAq into dilute NaClAq , 
or by reacting on excess of BijO, with very 
dilute HClAq , or by digesting a solution of 
BiCl, in HClAq with excess of Bi^Og The pp 
13 washed with cold water and dried at 100*^ 
This compound is a white, lustrous, crystalline, 
powder (known commercially as * pearl white *) 
S G ^72 Reacts with cold HBrAq to give 
BiClj and BiBr, , with cold HIAq to give BiCl, 
and Bil, , with hot HFAq to form BiCl„ BiOF, 
and BiFj SHF Reduced to BiCl, by heating 
with charcoal in dry Cl (Jacquelam, J pr 14, 1 , 
Arppe, P 64, 237 Oesten, P 110, 428 , Hemtz, 
P 63, 55 , Pattison Muir, C J 39, 87) 

The oxychloride Bi^OgCl, is said to be pro- 
duced by heating BiOCl to redness (Arppe) 

The oxychloride BijO^Cl, is formed in small 
quantities by slowly subliming BiCl, in contact 
with a little air, and m large quantities by 
passing N oxides (by heating starch with 
HNOgAq) into melted BiCl, The analytical 
numbers agree fairly with BigOjCl, and also 
with Bi^OjCl^ The compound is a yellowiah- 
white, hard, crystalline, sohd , unchanged m air, 
or by water, or by heatmg to redness , soluble m 
hot HClAq or HNOjAq , boiled with NaOHAq, 
Bi^Og and NaCIAq are formed (P M , C J 32,40) 
Oxyeluoridf Only one is known Bismuthyl 
fluoride, BiOF, is obtained by heatmg BigO, with 
large excess of HFAq so long as any reaction 
occurs, boiling the residue with water until every 
trace of acid is removed, and drying at 100° , if 
the washing is conducted with cold watwr until 
nearly neutral, BiOF 2HF remains, when this 
18 strongly heated in a closed Pt crucible, BiOF 
13 obtained m crystalline form The liqmd ob- 
tained by boiling BijO, with HFAq evaporated 
at 100° gives BiF, 3HF , when this salt is boiled 
with water it is slowly decomposed to BiOF 
BiOP is a heavy, white, crystalline, powder, 
S G lo 7 55 With HF it forms the double 
compound BiOF 2HF Reacts with cold HClAq 
to form BiCl, and HFAq , with HBrAq to form 
BiBr, and HFAq , with HIAq to form Bil, and 
HFAq (P M , Hoffmeister a Robbs, G J 39, 21) 
OxTTODiDBB Bismuthyl iodide, BiOI, is pro- 
duced by boilmg Bil, with HjO in small quan- 
tities , by Bublimmg Bil, in air , or, also m small 
quantities only, by reacting with N oxides (from 
starch and hot HNO,Aq) on hot Bil, BiOI is 
a heavy, red, crystalline powder, unchanged 
by water, or by heatmg in air , by long continued 
heating to bright redness in air a very little 
Bi,0, 18 formed , reacts with HClAq, HBrAq, 
and HFAq, similarly to bismuthyl ohlonds 

ii L a 
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and btomide (Schneider, / pr 74, 424 , P M , 
H a R,Zc) 

Another oxyiodidCt probably SBiOI 4Bi20g, 
is obtained as a yellow powder by pouring a 
dilute solution of Bi3NO, into KIAq mixed with 
NaC^HsO^Aq (Fletcher a Cooper, Ph 1882) 
Bismuth, Oxysnlphide of According to 
Hermann {J ^ 76, 462) the compound 

Bi^OjS^ 18 formed by heating 1 part S with 3 55 
parts BijOa to low redness in a retort , S G 6 3 
A compound of Bi, S, and O, occurs as Karehnite 
(said to be Bi^OjS) 

Bismuth, Phosphide of No definite com 
pound has been isolated Berzelius {Lehrbuch, 
2, 682 [5th ed ]) says the two elements do not 
unite directly, but that a phosphide is formed 
by leading PH, into Bi SNO, solution 

Bismuth, Salts of These compounds are 
obtained in a few cases by the reaction between 
Bi and an acid, c g Bi SNO,, but more generally 
by using Bi 0, in place of Bi, or by double 
decomposition from Bi3N0, in HNOjAq or 
BiCl, in HClAq Bismuth salts are insoluble in 
water , they are decomposed by water with 
production of so called basic salts the salts of 
Bi may indeed be arranged in two classes, 
normal and basic, as types of which may be 
taken the nitrates Bi 3N0j and BiO NO,, re 
spectively Many of these basic salts are most 
simply regarded as derived from acids by re j 
lacement of H by BiO , they are often called , 
ismuthyl salts other basic salts, however, | 
at present at any rate, are best represented 
as compounds of acid forming oxides with ] 
Bi^O, All the basic nitrates for instance, and , 
many of these salts are known, belong to the 
general form ccBi^, j/NjO, Hp The salts ob 
tamed by reactions between acids and the oxides 
BI2O4 and Bi^O, are the same as those which 
are formed when Bi^O, is used The more 
important salts of Bi are the nitrates and sul 
phates, also hromate, chlorate, oxalates, phos 
phates, tartrates, <fec {v Nitrates, Sulphates, 
Ac Ac ) 

Bismuth, Seleuide of BijSe, Black, lus 
trous, metal like, powder , 8 G 6 82 Obtained 
by passing H^Se into Bi 3N0, in as little HNOyA.q 
as possible, or by heating together 1 part Seand 
1 8 parts Bi, and repeatedly melting the pro 
duct m contact with Se Insoluble m solutions 
of alkalis or alkali sulphides , decomposed by 
HNO,Aq , gives up Se when heated Combines 
with BiCl, (v tnfra) (Berzelius , Schneider, P 
94, 628) 

Bismuth, Selenoohlonde of BiSeCI 
( « BijSe, BiCl,) Formed by adding powdered 
BijSe, to molten 2NH4CI BiCl, Steel grey, 
needle shaped, crystals Heated in CO, is 
separated into Bi^Se, and BiCl, (Schneider, Ic) 
Bismuth, Sulphides of One well marked 
sulphide of Bi, Bi^S,, is known , another, 
BijjSj, corresponding to the oxide Bi^Oj, probably 
exists Attempts to prepare a sulphide with 
more 8 than BijS, ha\ e failed (Pattison Muir, 
C J 83, 192) Sulphide of bismuth does not 
react with more positive sulphides as a salt 
forming compound (comp Schneider, Z [2] 5, 
680 with P M, C J 33, 192) 

Bismuth Tbisulphtdb BijS, Occurs native 
as btsmuih glance 8 G 6 5 Bhombio forms, 
Slit-1 9884, iBomorphous with As^S, and 


SbjS, Obtained by heating a mixture of 1 par* 
S with 4 A parts Bi till a grey crystalline mass 
18 formed, and then repeatedly heating this 
with a little S also by passing H,S into an 
acid solution of a Bi salt If the pp thus 
obtained is heated with an alkali-sulphide 
solution to 200° the Bi^jS, is said to become 
crystalline Steel grpy, crystalling, lustrous, 
solid strongly heated it is separated into Bx 
and S , unacted on by alkah or alkali sulphide 
solutions 

Bismuth Disulphide 2B12S2 HjO Said ta 
be ppd by H^S from alkaline solutions of BijO, 
Schneider (P 97, 480) dissolved 8 grams Bi tar 
tiatein the necessary quantity of KOHAq, added 
air free water to make up to 1600 c c , then 
2 grams SnClj m FOHAq, and passed m air 
H S until the li luid became colourless He 
washed the black pp with KOHAq and then 
with H^O (air free), and drie^atTo0° A black 
pou der , becomes lustrouff by compression , 
decomposed by heating into Bi and BijS,, by 
HClAq into Bi, BiCl„ and H^b 

Bismuth, Bulphochloride of, v Bismuth, 
Thio haloed compounds of 

Bismuth, Sulphoiodide of, v Bismuth, Thio 

HALOID COMPOUNDS OF 

Bismuth, Bulphocyamde of, Bi(SCN)„ v 
j Cyanides ^ 

Bismuth, Tellunde of No definite com 
pound has been isolated , telluric bismuth, 
approximately B^Sg 2Bi2Te„ occurs native 
According to Berzelius {Lehrbuch, 2, 583 
[5th ed ]) the two elements may be melted 
together in all proportions 

Bismuth, Thiohaloid compounds of Only 
two are known BiSCl, and BiSI The former is 
obtained by the direct reaction between BiCl, 
and S, but Bil, and S do not react together , 
when BiBr, and S are heated together there are 
indications of the formation of a thio compound, 
but none has yet been isolated (u P M , H a B , 
C J 89, 21) The thio compounds are much 
less stable than the corresponding oiy- com 
pounds, V Bismuth, oxyhaloid compounds or 
Bismuth Thiochloride {sulphochloride) BiSCI 
Obtained by heating S with BiCl,, or by adding 
powdered BijS, to molten 2NH,C1 BiClj, and 
washing the product with very dilute HClAq 
Small, metal like, greyish, needles , easily de 
composed into its constituents, e g hj heating 
in CO2, by H, by HClAq or HNO,Aq, and by 
alkalis (Schneider, P 93, 464) 

Bismuth Thio iodidb {sulpho iodide), BiSI, is 
said to be formed, as long needles, by strongly 
heating I, S, and Bi^S,, placed in alternate 
layers in a large crucible (P 110, 147) 

Bismuthio Acid and Bismuthates (so called) 
B12O5 HjO is sometimes called bismuthio acid , 
bodies obtained by dissolving BijOj m much 
molten KOH, or by saturatmg with Cl cone 
KOHA.q holding BigO, in suspension, have been 
described as bismuthates But later experi- 
ments have shown that these bodies cannot be 
isolated although they probably exist in presence 
of much potash The acidio functions of 
B13O4H2O are extremely feeble, v Bismuthio 
OXIDE under Bismuth, oxides or, p 515. 

M M P M. 
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Bismrm, ORaAxic derivatives 

Bifmnth mono methyl oomponudi 
Dt-chloride BiMeClj [242°] Obtained by 
adding BiMe, to an acetic acid solution of BiCl, 
White plates M sol alcohol and acetic acid, 
insol ether {Marquardt, B 20, 1620) 

Di brownide BiMeBrj [214°] Formed 
by mixing ethereal solutions of BiMe, and BiBr, 
Yellow powder SI sol alcohol, benzene, and 
acetic acid, insol ether (M ) 

Dt iodide BiMel, [225°] Formed by 
heating BiMog with methyl iodide at 200° (M ) 
Glistening red crystals Sol alcohol, si sol 
acetic acid, insol ether 

Oxide BiMeO Formed by adding NH, to 
an alcoholic solution of the double compound of 
BiKTeBr^ and BiBr,, which is obtained as a yellow 
cv} atalhne pp on mixing ethereal solutions of 
BiMe, (1 mol^and BiBr, (2 mols ) (Marquardt, 
B 20, 1522) Whitcapow^ei Insol water Dis 
solves in NaOH and in dilute HNO, Ignites m 
the air if gently warmed 

Bismuth di-methyl compounds 
Chloride BiMe Cl [116°] Formed by 
passing chlorine into a solution of BiMcg in 
petroleum ether, cooled in a freezing mixture 
White micro crystalline powder V sol alcohol, 
inbol ether (Marquardt, B 20, 1519) 

Hydroxide BiMe_2(OH) Formed by the 
action of water upon the double compound of 
BiBr, and BiMejBr, which is ppd as an oily 
liquid by mixing ethereal solutions of equal 
mols of BiBr, and BiMeg Crystalline solid 
Ignites in the air spontaneously Dissolves in 
aqueous NaOH Decomposed by aqueous HCl 
with evolution of CH^ (Marquardt, B 20, 1523) 
Bismuth tri - methide BiMe, Tn methyl 
bismuthine (110°) S G 2 3 at 18° Obtained 
by slowlj adding an ethereal solution of bismuth 
bromide (2 mols ) to an ethereal solution of zinc 
methide (rather more than 3 mols ) Mobile 
refractive liquid, of unpleasant pungent odour 
In the air it fumes and rapidly oxidises, when 
heated in the air it explodes violently Volatile 
with steam, but decomposes on long boiling 
with water Dilute HjSO^ or HNO, have little 
action upon it, but cone HCl decomposes it 
with evolution of CH^ and production of BiCl, 
It does not combine with alkyl haloids or with 
halogens The latter replace Me forming 
BiMe,Cl, &c (Marquardt, B 20, 1617) 

Bismuth mono-ethyl compounds 
Chloride BiEtClj Prepared by adding 
alcoholic HgClj to aloohohe BiEt, {q v ) 

Iodide BiEtl, From the chloride and KI 
Golden, six sided plates 

Oxtde BiEtO From the iodide and potash 
Yellow amorphous powder, takes fire in air 
Nitrate BiEt(NO ,)2 From the oxide and 
HNO, Crystalline tufts 

Bismuth di-ethyl bromide BiEtjBr Formed 
by dropping bromine mto a cooled solution of 
BiEt, in petroleum ether White powder V sol 
alcohol, insol ether Ignites in the air on warm- 
ing (Marquardt, B 20, 1620) 

Bismuth tri - ethide BiEt, Tn ethyl- 
bismuthine (107°) at 79 mm S G 1 82 
Prepa/ration, — 1 An alloy of Bi and K is 
made by strongly heating bismuth (5 pts ) with 
cream of tartar (4 pts ) This alloy is treated with 
£tl (Breed, A 82, 106) —2 Obtamed by slowly 


617 

adding an ethereal solution of bismuth bromide 
(2 mols ) to an ethereal solution of ZnEt, (rather 
more than 8 mols ) (Marquardt, B 20, 1619) 

Properties — Stinking oil It cannot be dis- 
tilled at ordinary atmospheric pressure, for on 
heating to 160° it detonates violently , volatile 
with steam Fumes and takes fire in air V sol 
alcohol, ether, and acetic acid Its ethereal 
solution exposed to air deposits Bi,0,H 0 
Forms unstable compounds with non-metals 
BiEtjS Bi^Sg is a yellow solid, insoluble in water, 
soluble in yellow ammonium sulphide BiEt, 
throws down calomel from alcoholic HgCl^, but 
when alcoholic HgCl, is added to alcoholic 
BiEtg, crystals of BiEtClj may be got 
BiEt, + 2HgCl2 = 2HgEtCl + BiEtCl, (Dunhaupt, 
A 92, 371) 

Bismnth-tn-phenyl Bi(C^Hj), Tn phenyl- 
bismuthine [82°] SGI 5851 at 20° Formed 
by heating bromo benzene containing some acetic 
ether with an alloy of sodium and bismuth 
(10 p c Na) Colourless needles or tablets Sol 
hot alcohol, sparingly in cold, v sol ether and 
petroleum ether By boiling with cone HCl it 
IS completely decomposed into benzene and bis- 
muth chloride It combines with Cl, forming 
the chloride (C„H5),BiCl2 which crystallises m 
thick prisms, [140°], sol hot alcohol, si sol 
ether and cold alcohol, v sol benzene, not 
decomposed by cone HCl The bromide 
(C„H5),BiBr2 forms long prisms, [119°], v soh 
benzene, si sol alcohol and ether (Michaehs a 
Weitz, B 20, 64) 

BITTER ALMOND OIL v Almonds and 
Benzoic aldehyde 

BIURET C2H,N,02 t e NH 2 CO NH CO NH,- 
Allophanamide Mol w 103 [190°] S 1 25 

at 0° , 1 64 at 15° , 46 at 100° 

Formation — 1 Urea is heated at 160°-170° 
until the melted mass becomes pasty and ceases 
to give off NH, The product is extracted with 
hot water (Wiedemann, P 74, 67 , Hofmann, 
B 4, 262) — 2 By passing the vapour of cyanic 
acid into melted urea (Finck, A 124, 331) — 
3 Urea is treated vyth chlorine till the mass 
becomes pasty (Hoppert a Dogiel, Z [2] 3, 691 , 
B 4, 475) — 4 By the action of NH, on allophanio 
ether (H a D ) — 6 By heating ‘ amido di- 
cyanio acid ’ (p 163) with H„S04 (1 pt ) and water 
(2 pts ) at 60°-70° (Baumann, B 8, 708) — 
6 By the action of NH, upon tn bromo acetyl- 
urea (Baeyer, A 130, 164) — 7 By heating urea 
with PCI, at 100° (Weith, B 10, 1743) —8 By 
mixing dilute solutions of urea and potassio 
cyan ate, acidifying with acetic acid, evaporating, 
adding a little H^SO, and extracting with alcohol 
(Dreohsel, J pr 128, 472) —9 By electrolysis 
of a solution of NH„ using carbon electrodes 
(Millot, Bl [2] 46, 244) 

Properties — Long needles (containing aq) , 
or long anhydrous laminas (from alcohol) Split 
up by heat into NH, and oyanunc acid &8- 
Bolves unchanged in cold cone H^SO. Its 
solution is not ppd by salts of lead or silver or 
by tannin A little CUSO4 followed by KOH 
gives a deep violet solution 

Reactions — 1 At 120° it absorbs HOI form- 
ing B',HC1 which at 160°-170° in a current of 
HCl gives CO, guanidine, oyanuno aoid, 
and urea — 2 Boiling cone HOIAq forms NH„ 
urea, and guanidme —3 BoiUng baryta toofsr 
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forms CO^ NH,, and urea —4 With NaClO it 
evolves 4 of its nitrogen, with NaBrO it evolves | 
(Fenton, C / 86, 14) — 5 HNO, gives CO* aud 
N,0 in equal volumes (Franchimont, BTC 
216) —6 COCL^ at 60° forms carbonyl di- 
biuret (C^^NjOJ^CO (E Schmidt, J pr [2] 6, 
47) , a crystalline powder, v si sol cold water, 
insol alcohol and ether This body is converted 
by boiling baryta water into urea and cyanurio 
acid , and by COCl^ at 140° into eyanuno acid , 
Hg(NOj,)2 gives, m hot dilute solution, a pp of 
C,H,NA3HgO 

Salts — B'jHCl, decomposed by water — 
Ag^C H,N802 ppd. by adding AgNO, (2 mols ) 
and NHjAq to a saturated aqueous solution 
of biuret (1 mol), sol HNOj and NHgAq 
(Bonn6 a Goldenberg, B 7,287) — Cyanurate 
B'CsNjHjOa needles, formed on crystallising 
biuret from water It has probably been mis 
taken for urea cyanurate from which it differs 
in yielding with baryta water, barium cyanurate 
and biuret, in giving off 3 atoms of nitrogen as 
ammonia when heated with barium hydrate 
(urea cyanurate yields 2 atoms), in giving off 
14 8 pc nitrogen with sodium hypobromite, 
(while urea cyanurate gives 11 6 p c , both re 
suits corresponding to 2 atoms nitrogen) 
(Herzig, M 2, 411) 

Biuret dicyanamide C4H,N702 te 
NH(CO NH C(NH) NH )2. From acetyl urea 
(2 pts ) and guanidine carbonate (5 pts ) at 
110°-160° (Rasmski, J pr [2] 27, 157) Amor 
phous substance v sol acids and fixed alkalis, 
insol NH^q Does not give the biuret reaction 
with CuSO^ 

BIXIN C28H34O4 [176°] A colouring mat 

ter contained in annatto seeds {Bixa orellafia) 
(Preisser, A 62, 382 , Girardm, J Ph [3] 21, 174 , 
Bolley a. Mylius, Bl [2] 3, 230 , Stem, J pr 
102, 175) 

PreparcUioiu — Annatto (1,600 g ) is digested 
at 80° with alcohol (2,500 g of 80 pc) with 
addition of Na COg (150 g ) , after filtration, the 
residue is again digested with alcohol (1,500 g 
of 60 pc) The mixe<^ filtrates are ppd by 
adding half their bulk of water and cone 
NagCOgA-q , the ppd sodium bixin is dissolved 
in alcohol (60 p c ) and re ppd with NajCOsAq 
The sodium bixm is then decomposed by HCl 
(Eti, B 11, 864 , 7, 446) 

Properties — Mmute red leaflets, msol water, 
b 1 sol alcohol, benzene, CS2, and acetic acid, 
V e sol ether Cone H^SO^ forms a bright 
blue solution, whence water gives a dark green 
pp It reduces cold Fehlmg’s solution 

Beactiona — 1 Distillation with zinc dust 
gives m xylene, ethyl toluene, and an oil C,4H,4 
(270°-280°} Reduced by sodium amalgam to 

Salta — C2,H3,Na052aq lustrous red crys 
tals, V sol water, msol alcohol, and ether 
— CjJSajNagOg 2aq dull red powder — 
"UjiHjgKOj 2aq — C28H82K208 2aq^ 

BLXACHlilG-POWBEB v btpoobxiObitss, 
under Chlobinb, oxyacids or 

BLOOB In vertebrates, the blood is a some 
what VISCOUS, and to the naked eye homo* 
geneons, red liquid The blood which leaves 
the lungs or gills is of a bright scarlet colour, 
and that in the systemic veins of a purplish 
hoe, which on exposure to the air, or on shak 


mg with oxygon, becomes of the bright arterial 
scarlet colour This difference m tint is due to 
the amount of oxygen present m combination 
with the red pigment heBmoglobm , in the lungs 
a loose combination called oxy hflemoglobin is 
formed which is scarlet , in the tissues this oxy- 
gen 18 given up, and the blood retir ning to the 
heart 18 of the purplish colour due to haimoglobin. 

Specific Gravity Roy {Proc Physiol Soc 
1884) has introduced a method for ascertaining 
the specific gravity of living blood A drop of 
blood 18 introduced into a mixture of glycerin 
and water of known specific gravity , if the drop 
tends to rise or sink, it is assumed that it is of 
lower or higher specific gravity than the liquid 
in which it is placed The average specific 
gravity of human blood thus found was x 9Q0 
Defibrmated human blood has an average 
specific gravity of 1 055 Pflrfjger [PfiilgePs 
ArchiVy 1 75) found tHe spgnfic gravity of dog’s 
blood to be 1 060 , and Gschleidlen that of 
rabbit’s blood 1 048 

Characters — Blood is always feebly alkaline 
in reaction (Kuhne, Virchow's Archiv^ 33, 65, 
Liebreich, B 1, 48 , Schafer, Journal of Physio 
logy, 3, 292) Under the microscope the blood 
18 seen not to be a homogeneous red liquid, but to 
consist of a nearly colourless liquid, the plasma 
or liquor sanguinis, holding in suspension large 
numbers of solid bodies, the corpuscles * These 
corpuscles are of two kinds, the coloured and 
the colourless 

Red corpuscles These owe their colour to 
hsemoglobin, and are much more numerous 
than the white corpuscles They vary in size 
and structure in different groups of the vertebrate 
sub kingdom In Mammalia, with the exception 
of the CamelidflB, they are biconcave, circular 
discs , they have no nucleus except during em 
bryonic life , and they have a tendency to run 
into rouleaux when the blood is at rest, but if it 
18 disturbed they readily become separated In 
the Camel tribe they have an elliptical outline 
Their average diameter m mammals is 007- 008 
millimetre and about one fourth of that in 
thickness, there are very shght variations 
in different classes of mammals In birds, 
reptiles, amphibians, and fishes, the red cor 
puscles are biconvex, oval discs, with a nucleus , 
they are largest m the amphibia C Schmidt 
gives the specific gravity of red blood corpuscles 
as 1 089, Welcker as 1 105 

According to C Schmidt, 1,000 parts of 
moist red corpuscles contain — 

Water 688 parts 

Sohda i 303 88 „ 

1 Mineral 8 12 „ 


Aocordmg to Hoppe Seyler and Judell {Med 
Chem Untersuchungen, Heft m p 386) 100 
parts of dried corpuscles contain — 
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blood 

Dog’s 

Goose a 


L 

II 

blood 

blood 

Proteids 

12 24 

6 10 

12 66 

86 41 

Haemoglobin 

86 79 

94 30 

86 50 

62 65 

Lecithin 

0 72 

0 35 

0 69 

0 46 

Cholesterm 

0 25 

0 26 

0 36 

0 48 


The nuclei of the red corpuscles consist 
mainly, according to Lauder Brunton, of nuclein, 
a substance very akm m its properties to mucin 
(f/bunmtl qf AiicU, and Physiology^ 2nd senes. 
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▼ol 8 , p 91J The mineral ooostituentB otthe red 
corpuscles nave been investigated by 0 Schmidt, 
and the following tables contrast those of the 
red corpuscles with those of the plasma m man 


1000 parts of moist corpuscles yield — 
Mineral matter (exclusive of iron, which 


IS contairiBd in the hoemoglobm 

8120 

Chlorine 

1686 

Sulphuric anhydride , . 

. 0 066 

Phosphorus pentoxide , , 

. 1184 

Potassium 

. 3 328 

Sodium 

1052 

Calcium phosphate 

0114 

Magnesium phosphate 

0 073 

1000 parts of plasma yield — 


Mineral matter 

8 650 

Ch“R5fine , 

3 640 

Sulphuric an^dride 

Phosphorus ^itoxide • • • 

0115 

. 0191 

Potassium W • • 

0 323 

Sodium . • • 

3341 

Calcium phosphate 

0 311 

Magnesium phosphate , 

0 222 


The remarkable difference in the distribution 
of potassium and sodium seen in the above does 
not, however, hold for most animals as the 
following table shows (Gamgee, Physiological 
Chemistry t p 122) 

• Blood Cells 



K 

Na 

Ol 

Man 

40 89 

9 71 

21 00 

Dog 

6 07 

86 17 

24 88 

Cat 

7 85 

85 02 

27 59 

Sheep 

14 57 

88 07 

27 21 

Goat 

37 41 

14 98 

81 73 


Liquor Sanguinis 

Ol 


K 

Na 

Man 

6 19 

37 74 

40 68 

Dog 

8 25 

39 68 

37 31 

Cat 

6 17 

37 64 

41 70 

Sheep 

6 66 

38 66 

40 89 

Goat 

8 65 

37 89 

40 41 


Probably the only gaseous constituent of the 
red blood corpuscles not m a state of chemical 
combination is carbonic acid 

Blood tablets Besides the red corpuscles, 
a number of colourless discs of 002- 008 milh- 
metre diameter are also seen they are also 
called hfismatoblasts {BlutpldtichenotBizzozeito) 
By some they are supposed to be stages m the 
development of red corpuscles, by others to 
take part in the formation of fibrin Wooldridge 
considers them to be identical with the proteid 
he calls fibrinogen a, which can be precipitated 
from hquor sanguinis by exposure to cold 

Colourless corpuscle or leucocytes These 
ore animal cells, and consist of nucleated 
masses of protoplasm, more or less granular, 
and eihibitmg during life contractility, the 
movements so produced being called ammboid 
They are not constant in size, but in man they 
average about 0 01 millimetre , they are some- 
what larger in the lower vertebrate groups In 
mammals there is on the average one white or 
odourless corpuscle to 880 or 860 red ones 
Our knowledge of the chemical constituents 
of the white corpuscles is meagre, they are 
lighter than the red ones , the great mass of 
j^e protoplasm is undoubtedly proteid m nature , 
Olid the nucleus consists mainly of nuclein 


(Miescher, Med Chem Untersueh,, Heft Iv , 
p 441) By micro chemical mvestigation, the 
presence of glycogen oan often be demonstrated 
by iodine, and of fat granules by osnuc acid 
Coagulation of blood Within a few minutes 
after having been shed, blood passes first into 
the state of a soft red jelly, which gradually 
acquires greater consistence, and by the con 
traction of one of its constituents expresses a 
fiuid, the serum, in which the clot or crassa- 
mentum ultimately floats 

Coagulation is due to the separation from 
the blood plasma of a solid proteid substance 
called fibrin The clot consists of fibrin 
entangling the corpuscles By stirring blood, 
or whipping it with twigs immediately after 
it IS shed, fibrin free from corpuscles adheres 
to the twigs as a yellowish strmgy mass 
Under the microscope, coagulation is seen 
to consist of the separation of fine filaments 
from the plasma, which start from or entangle 
the blood plates, and corpuscles 

Coagulation of the blood is hastened by ex- 
posure to a temperature rather above that of the 
body , by contact with foreign matter, or by agita- 
tion , and by dilution with not more than twice 
its volume of water Coagulation is hmdered or 
prevented by exposure to a low temperature , 
by contact with living tissues, or by the addi 
tion of large quantities of neutral salts such as 
sodium chloride, sodium sulphate, or magnesium 
sulphate When these precautions are taken, 
the corpuscles sink, and the plasma can bo 
drawn off in the last case mixed however 
with salt solution, the inhibitory influence of 
which on coagulation can be removed by diluting 
the mixture with water , fibrin is then formed 
Many theories have been held with regard 
to the cause of the coagulation of the blood 
Nearly up to the end of the last century, the 
clot was beheved to be simply a mass of 
adherent corpuscles Hewson, 1772 (v Hewson’s 
works, edited by Gulliver, Sydenham Soc)^ was 
the first to show that it was really due to the 
separation of some substance from the plasma 
Buchanan {London ^Medical Gazette, vol 18) 
showed that squeezed blood clot had the power 
of hastening the coagulation of the liquor peri 
cardu , and as this power was especially shown 
by the buffy coat, he supposed that it was due 
to the white coi'puscles , he compared the action 
of these corpuscles to that of rennet on milk. 
Denis {M&moire sur le sang, 1859, p 82), by 
saturating the hquor sanguinis with sodium 
chloride, obtained a proteid pp , which after 
being redisBolved m water underwent coagula- 
tion To this precursor of fibrin he gave the 
name plasmine A Schmidt {Archiv f Anat 
u Physiol 1861, 646) separated plasmme mto 
its two constituents, both proteids of the globuhn 
class, to which he gave the names fibrinogen 
and fibrmoplastm or paraglobulin (now called 
serum globuhn) He thought both of these sub 
stances were necessary for coagulation, and that 
they umted to form fibnn under the influence 
of a ferment This fibnn ferment he prepared 
from serum, by ppg it with the serum proteids 
by means of absolute alcohol , after leaving the 
pp some months under alcohol, the proteids 
were by this means rendered msoluble, while 
the ferment oqoI^ be extracted with water. 
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Oamgee {Journal of 'Bhyi'iolQgy^ 1879) obtained 
fibrin-ferment by extracting blood clot with 
8 p c sodium chloride solution The extract 
contained a small quantity of a globulin like 
proteid, and had very marked power in inducing 
coagulation Hammarsten {Pflilger^s Archiv^ 
14, 211, 17, 413, 18, 38, 19, 563) modified 
Schmidt’s theory by showing that paraglobuUn 
IS not necessary for the formation of fibrin, but 
that fibrinogen is the only true fibrin precursor 
which under the influence of the fibrin ferment 
IS converted into fibrin The presence of para 
globulin, however, hastens coagulation perhaps 
by its combining with alkaline carbonates which 
otherwise would impede the action of the fer 
ment other proteids such as casein, or even 
salts such as calcium chloride, will, however, take 
its place 

The source of the fibrin ferment seems to be 
the white corpuscles Rauschenbach has pointed 
out ( Ueber die Wechselwirkjingen zwischen Pro 
toplasma und Blutplasma^ Inaug Disa Dorpat, 
1883) that leucocytes are of two kinds a leuco 
cytes which are acted upon and disintegrated 
by the plasma when the blood is shed, two of 
the products of such action being paraglobulin 
and fibrin ferment , and /3 leucocytes which re 
mam unaltered 

The latest theory of the coagulation of the 
blood is that of L C Wooldridge {Beitidgezur 
Physiologie, Leipzig, 1887, 221) He injects 
peptone into the circulation of an animal, and 
Kills it by bleeding , the blood remains uncoagu 
lated for many hours, and the corpuscles are 
removed by centrifugahsing, if a substance con 
taming lecithin be then added to the peptone 
plasma, coagulation occurs By cooling peptone 
plasma, a pp is produced, this consists of little 
rounded discs similar to blood tablets , this is 
called fibrinogen a , after its removal from the 
plasma coagulation does not occur the foima 
tion of fibrin is supposed to be due to the 
lecithin contained in fibrinogen a combining 
with fibrinogen B (Hammarsten and Schmidt’s 
fibnnogen) 

Human blood yields frtfm 2 2 to 2 8 parts of 
fibnn per 1,000 

Serum This is the plasma, minus the ele 
inents of fibnn It contains three classes of 
constituents , proteids, extractives, and salts 
The proteids consist of globulin and albumin 
Owmg to the disintegration of the white corpus 
cles the globulin is rather more abundant than 
in the plasma The following table of Ham- 
marsten’s {PflUger's Archiv, 1878) represents 
the percentage of these substances m the serum 
of some of the commoner mammals 




Total 

Total 

Serum 

Serum 



bonds 

Proteid* Globulin Albnoiin 

Berura from Horse 

8 607 

7 287 

4 865 

2 677 


ft Ox 

8 966 

7 499 

4 168 

3-329 


„ Han 

9 207 

7619 

3103 

4516 


„ Babbit 

7 625 

6*225 

1788 

4 436 


The globulin appears to be a single substance , 
it IB coagulated by heat at 75° C by fractional 
heat-coagulation, however, the serum albumin 
can be differentiated in some animals into two, 
in some into three proteids (Halhburton, Journal 
of Physiology, 5, 152 , Kauder, Arch f exp Path 
u Pharmac , 20, 411) , in the cold Wooded 
Animals the total quantity of proteida in the 


serum is much lower, the serum globulin it 
always greatly in excess of the serum albumin, 
and the latter substance is not differentiable 
into several proteids by fractional heat-coagu- 
lation (Halliburton, Journal of Physiology, 8, 
819) 

The extractives of serum are ojgamo sub 
stances present in small quantities, which are 
extracted by various liquids, especially by alco- 
hol or ether There i^ about 0 2 p o of fata 
and oholesterm , about 08 to 0 12 p c of glucose 
(Pavy, Croonian Lectures on Diabetes, London, 
1878) , urea 0 02 to 0 04 pc, and creatine, 
creatinine, xanthine, hypoxanthme, uric acid, 
and hippuno acid in still smaller quantities A 
yellow pigment is found dissolved in varying 
quantities m the serum of most animals , 
marsten {Maly's Jahrbencht, 1878, 129), Mao 
Munn (Pr 31, 231) and others Ij^ve described 
this asahihary pigment, Kri^enberg(Si^^wn5rs5 
dor Jenaibchen Gesellsch j Med , 1885) and 
Halliburton (Joum of Physiology, 8, 324) have 
described it as a lipochrome 

The salts of serum amount to 0 7 to 0 9 p c 

Oases of the blood From the blood as a 
whole, or from the plasma, coloured corpuscles, 
or serum, a mixture of carbonic acid, oxygen 
and nitrogen can be separated Oxygen is 
present in much larger quantities than could be 
held m simple solution in the blood, and in 
fact, held m feeble combination with hromo 
' globin , only a small part being in solution in 
the liquor sanguinis Carbon dioxide is partly 
m a state of chemical combination, but chiefly 
m a state of simple solution It is contained 
m great part in the liquor sanguinis, but in 
part also in the corpuscles The nitrogen is 
held m simple solution in the liquor sanguinis 
Arterial blood of the dog yields for every 100 
volumes 58 3 vols of mixed gases composed of 
22 2 vols of oxygen, 34 3 vols of carbonic anhy 
dnde, and 1 8 vols of nitrogen The maximum 
amount of oxygen observed has been 25 4 vols 
(Pfluger, Centialbl f d med Wissensch 1868) 
In venous blood, the nitrogen is the same as m 
arterial, the oxygen is less in amount (from 8 
to 12 vols per 100 of blood), and the COj greater 
(from 40-50 vols per 100 of blood) 

Lymph This is the name applied to that 
portion of the blood that transudes through the 
walls of the blood vessels, and after supplying 
the tissues with nutritive matenals and receiving 
the products of their combustion returns to 
the large veins by means of the lymphatic 
vessels 

Lymph is a transparent liquid, which during 
digestion is more or less milky, owing to the sus 
pension in it of fatty matters absorbed from the 
ahmentary canal Its specific gravity varies 
between 1 012 and 1 022, and its reaction is 
alkaline 

Under the microscope, the lymph is seen to 
contain colonrless corpuscles In a time varying 
from 8 to 20 mmutes after it has left the vessels, 
lymph undergoes coagulation, fibnn being formed 
The amount of fibnn which separates is between 
0 4 and 0 8 per 1000, being less than that which 
separates from blood. Lymph is, in fact, simply 
dilute blood plasma, urea and carbonic acid, 
however, are rather more abundant in lymph 
than in blood. 
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The Blood %n Disease 

Anosmia The chief change is a reduction 
In the number of red corpuscles, and the dimmu 
tion of the amount of haemoglobin they contain 
In severe oases there is also a reduction in the 
Bohd constituents of the plasma 

Leuco^thcemia This is associated with 
great increase in the number of white corpuscles, 
which may become nearly as numerous as the 
red The blood is poor in haBmoglobin, and 
nch in hypoxanthme and lactic acid (Scherer) 
Charcot found in the blood, spleen, and liver of 
patients suffenng from leucocythaemia colourless 
elongated crystals, which he and Vulpian were 
inclined to consider as proteid in nature , while 
th^ were regarded by Salkowski as consisting 
oil a muom hke substance Schreiner states 
that they o^sist of the phosphate of a base, to 
the hydrochloride of which he gives the formula 
C^HjN nCl {A 19^68) 

Oout In this disease unc acid accumulates 
in the blood, probably owing to non elimina 
tion by the urine , there is also a large quantity 
of oxaho acid (Garrod, Medico Chirurg Trails , 
81, 83 , 37, 64) 

Rheumatism The fibrin is much increased 
in amount the same is, however, true for other 
inflammatory conditions There is no excess of 
uric ticid in the blood Lactic acid is said to be 
the materies morbi by some, but this has never 
been satisfeictonly demonstrated 

Fevers — In various zymotic fevets, and sep 
tic diseases, the presence of different forms of 
bacteria has been descnbed, or m some cases 
only presumed to exist in the blood The best 
known of these are the spirillum of relapsmg 
fever, the bacillus anthracis of splenic fever, 
and the bacillus malariae of Klebs and Crudeli 
of intermittent fever Pigment granules of a 
dark colour are also said to occur in the blood 
of ague patients It is probably a derivative of 
haBmoglobin (Marchiafava) 

Diseases of the liver In jaundice, bilirubin 
and in some cases the bile salts also accumulate 
in the blood , m acute yellow atrophy the blood 
contains leucine and tyrosine 

Diabetes mellitus In this disease the most 
marked feature is an mcrease in the amount of 
glucose in the blood The pecuhar odour of 
the breath in diabetics is stated to be due to 
acetone, and death is often said to result from 
aoetonsBrnia It is probable that acetone does 
not exist free m the blood, but is derived from 
the splitting up of aceto acetic ether 

In some oases of diabetes a lipaamio (fat m 
the blood) condition has been described But 
there is no doubt that this may occur without 
evidence of disease, and also m other diseases 
than diabetes 

Bright's disease In addition to an aniBmio 
condition, there is an increase in the amount of 
urea in the blood The convulsions and coma 
that are apt to supervene when the ehnunation 
of urea is defective have been designated evi- 
dences of uroimio poisonmg It is probable, 
however, that m these cases it is not urea 
itself w^oh IB the poison, but probably some 
Bubstanoe or substances antecedent to urea. 
Frondis’ theory that the poison is ammonium 
carbonate is now given up as untenable. 


The Blood of Invertebrate Anwnala 

Our knowledge concemmg the blood of mver> 
tebrate animals is much less complete than that 
of the vertebrates In oertam marme animals 
the circulating fluid is chiefly sea water in 
which a number of corpuscles are suspended 
(e g echmoderms) m other invertebrates such as 
Crustacea the blood is a highly organised fluid, 
and rich in proteid constituents, but even in 
these the amount of saline matters vanes with 
the habitat, being much more abundant in 
manne than in fresh i^ater animals There is 
never any distinction into blood proper and lymph 
m invertebrate animals , hence the name hcsmo- 
lymph 18 sometimes given to their circulating 
fluid , the term hydrolympli is apphed m those 
cases in which the blood is chiefly water, and 
contains but few organic constituents 

HaBmoglobin is contained in the blood of 
many invertebrates (Lankester, Pflilger's Archive 
4, 316), chiefly worms, but also m a few crusta- 
ceans, insects, molluscs, leeches, and echmo 
derms With the exception of four worms and 
two molluscs, however, it does not occur in 
special corpuscles as m the blood of vertebrates, 
but dissolved m the hquor sanguinis, colourless 
corpuscles only being found m the blood In 
other invertebrates this red pigment is replaced 
by others, which apparently have a similar 
respiratory function , the most important of 
these other respiratory proteids are (1) haemo- 
cyanm, a blue pigment occurring in various 
crustaceans, arachnids, and molluscs (Fredericq, 
C R 87, 996) This contains copper as one of 
its constituent elements , when oxidised it is 
blue, when reduced it is colourless (2) Chloro- 
cruorin, a green pigment, closely related to 
haemoglobin, found in the blood of certain 
worms (Lankester, tTowm. of Anat and Physiol ^ 
2, 144) (3) Haemerythrin, a purplish red pig- 

ment found in a few gephyrean worms (Kruken- 
berg, Vergl phys Studien, Iste Keihe, 8te Abth 
p 82) In all these cases, the pigment is dis- 
solved in the blood plasma, which has thus a 
respiratory in addition to a nutritive function 
In addition to these pigments, others occur 
which have apparently no respiratory function , 
thus chlorophyll appears in the blood plasma of 
many moths and butterflies (Poulton, Pr 88, 
269, tetronerythrm, a red lipochrome m the 
blood plasma of certam Crustacea (Halliburton, 
Joum of Physiol , 6, 800) Various coloured 
granules are described in the corpuscles of holo- 
thurians and sea urchins (Geddes, v Gamgee’s 
Physiol Chem , 134), and the blood of the 
hmpet IS described by Erukenberg as bemg of 
an orange colour 

The blood of most invertebrates is alkalme 
in reaction, the only known exception bemg 
that of moths and butterflies which is acid 
(Poulton) 

With regard to the coagulation m the blood 
of invertebrates Halliburton {Joum of Physiol^ 
6, 800) was able, in the case of the cmstaoea, 
to separate crustacean fibnn, and to show that 
as in vertebrate blood it was formed from a 
previously soluble fibrinogen under tho influence 
of a ferment Crustacean fibrinogen and fibnn 
differ but little from that of ve^brate blood 
and the fibrin ferment is identical with that 
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obtain«d by Schmidt from vertebrate blood The 
coagulation of cmstacean blood is also hindered 
by cold, or admixture with neutral salts The 
coagulum formed when the blood of oephalopods 
18 shed IS stated by Fredericq to be only a plas 
modmm of cells 

[The foregoing article has only discussed 
blood from a general point of view The vanous 
constituents will be described under their proper 
headings , the proteids including haemoglobin 
and the other blood pigments will be described 
under the heading Proteids ] W D H 

BLOWPIPE V Analysis 

BOHEIC ACID C,H,oO« [100°] Occurs 
(to the extent of 2 p c ), together with querci- 
tanme acid, in black tea [TJiea bohea) (Roch 
leder, A 63, 202) Yellow amorphous resin, v 
sol water and alcohol , ppd by alcoholic or 
ammoniacal lead acetate — BaA"aq — PbA"aq — 
PbA'TbO 

BOILIKG-POINTS v Physical methods, 
see THERMAL 

BOLDIN CjoHj^Og A glucoside which may 
be extracted by boiling alcohol from the leaves 
of Boldoa fragranSy in which it occurs to the 
extent of 3 p c It is a syrup, volatile with 
steam, and decomposed by hot dilute HCl into 
glucose, MeCl, and an oil CjpHosOj (?) sol alco 
hoi, insol water (Chapoteaut, C P 98, 1052) 
According to Bourgom a Verne {Bl [2] 18, 481) 
the leaves of Boldoa contain an alkaloid, 
boldive 

BOLETUS V Agarious 

BONE OIL (Anderson, Tr E 16 4 , 20, ii 
247, 21,1 219. 21,1V 571, A 70,82, 80,44, 
94, 858 , 105, 335) The following substances 
have been isolated from the tar obtained in the 
dry distillation of bones 

Chief Constitiients 
Butyronitnle 
Valeronitnle 
Hexonitnle 
Isohexonitnle 
Deoonitnle 
Palmitomtrile 
Stearonitnle 
Pyrrol 

Methylpyrrol 
Pimethylnyrrol 
Hydrocarbons 

CpH,4 (Dihydro m 
ethyl-toluene ?) 

C,oH„ (Dihydro m- 
methyl-cumene ?) 

0,]H|g 

Weidel a Ciamician {B 18, 65) consider that 
the nitnlea are formed by the action of NH, at 
the high temperature on the fatty acids con 
tamed in the bones, the pyndine bases they 
beheve to be formed by the combination of the 
acrolein (from the glycenn in the fats) with 
ammonia, methylamine, &o whilst pyrrol and 
itshomologues are products of the decomposition 
of gelatin 

BOEATES. Salts of bone acid v Boron» 
OXYACZDB or, p 628 

BOEAX V Borate of sodium , under Boron, 
0ITA0ID6 or, p 629 

BOEIC ACID V Bobom, oxiMSnm off P ^28 


BOEIC ANH7DEIDS v Bobon, oxids op, 

p 62/ 

BOEIDES Compounds of boron with one 
other more positive element — Very few of these 
compounds exist, manganese forms a crystal- 
line boride probably MnjBj, platinum easily 
combines with boron to form PtE^ (?) , and 
aluminium and boron appear to form a Kind of 
alloy, the proportion of the elements in which 
vanes within very wide limits two definite 
borides of A1 are also known {v Iridium, Iron, 
Manganese, Palladium, Platinum, Aluminium, 

BORIDES 0^ 

BOBNEENE A mixture of terpenes (q v ), 
exuding from Dryobalanops camphora, holding 
bomeol in solution (Qerhardt, Traitd, 3, 628, b41) 
BOENEOL C,oH„0 1 8 C,„H„ OH Borneo 
camphor y Tetra hydride of (1, 4, 6) methyl- 
propyl phenol n Mol w 154 [198^j (P ), [207°] 
(W ) (212°) R 00 75 30* in ^ 22 5 p o alcohoho 
solution (Kanonmkoff) 

Occurrence — In Dryobalanops camphoraf 
being extracted from hollow cavities in the trunk 
of old trees (Pelouze, A 40,326) In the essen 
tial oil of valerian (Gerhardt, A 45, 34 , Bruy 
lants, B 11, 451) To the extent of 4 or 5 p c in 
oil of rosemary ( Bruy) ants, d 1879,944, Weber, 
A 238,89) 

Formation — 1 By heating camphor with 
alcoholic KOH (Berthelot, A Ch [8] 66, f8) - 
2 By the action of sodium on camphor (Bau 
bigny, Z [2] 3,71 , Haller, C R 105, 227) 
Preparation from camphor — (Jackson n 
Menke, Am 5, 270 , 6, 404 , Kachler a Spitzer, 
M 5, 60, B 15, 16, 2730, ImmendoiS, B 17, 
1036) Camphor (50g ) is dissohed m alcohol 
(500 c c of 96 p c ), and sodium (60g ) added 
slowly Towards the end of the operation water 
(50 c c ) IS added (0 Wallach, A 230, 225) 
Properties —Regular crystals , very readily 
sublimes in plates Smells like camphor, but 
more peppery Has a burning taste The 
alcoholic solution is dextrorotatory, artificial 
borneol has a somewhat higher rotatory power 
(c 43°) than the natural bomeol ([a]D = 33°, 
(Biot, Kachler) V si sol water, scl alcohol 
and ether Lighter than water The rate of 
etherification of bomeol resembles that of pri 
mary alcohols (Menschutkm, J B 13, 162) 
Reactions — 1 PjOj converts it into one or 
more terpenes (borneene) — 2 Boiling HhO, 
(S G 1 42; gives camphor and its oxidation 
products —3 Behaves as an alcohol with regard 
to PClj — 4 HCIO converts it into camphor 
Sodium borneol C,oH,,ONa six sided 
plates (from benzene) Combines with CO„ 
forming C,,H„0(CO^a) (Kachler a Spitzer, 
M 2, 235) 

Bromide — Bromine added to an ethereal 
solution of borneol forms crystals of a mixture 
of bromides (? CtoH.gOBr^ and (C)oH„0)2Br2) 
jSydrobromide (C,oH„0)jHBr Crystal- 
line pp got by passing HBr into a solution of 
borneol in light petroleum The compound is 
unstable and is decomposed both by water and 
by alcohol 

Hy drtodtde (0,jH|/))j{HI Prepared 
similarly 

Methyl derivative CioH^tOMo (194°oor )• 
From sodium bomeol and Mel (Baubigny, Z, 
1868, 299). 


By products 

Methylamine 
Aniline 
Pyridine 
Methyl pyridine 
Di methyl pyridine 
•Quinoline 
Phenol 
Propionitnle 
Valeraraide 
Toluene 
Ethyl benzene 
Naphthalene 
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Ethyl der%vat%ve C.oHi^OEt (202°) (B ) 
Formyl derivative 0,oH,^a^E[0 (225°- 
280°) In oil of valerian (Bruylants) 

Acetyl derivative 0,oH,tOAc (221°) 
fK a S ) , (227°) (M ) Occurs in oil of valerian 
(Bruylants, B 11, 456) , and may be formed by 
the actio’a of ACjO upon borneol (Montgolfier, 
A Ch [5J 14, 60), or of AgOAc upon bornyl 
chloride (Kaohler a Spitzer, A 200, 352) On 
standing it becomes crystalline [24°] Fusion 
with NaOH gives NaOAc and borneol 

Isovaleryl derivative 0 ,oH,, 0(C4 HbO) 
(256°-260°) 

Stearyl derivative 0,oH,jO(C,8H850) 
From borneol and stearic acid at 200° (Berthelot, 
A 112,366) Oil 

benzoyl derivative CioH,,OBz Oil 
IflBvorotatory borneol CioHj^OH [35°] (210°) 
(Perrot, .4 67) [a]D= — 63° Occurs in the 

alcohol produced fermentation of the sugar 
of madder root (Jeanjean, A 101, 95) Small 
regular crystals , si sol water, rotating upon it 
HNOj forms leavorotatory camphor 

Lsevorotatory borneol [204°] 

SO 1 02 From Ngai camphor (Hanbury, J 
1874, 637) 

Laevorotatory borneol CioHj^OH [201°] 
[a]i,=» — 37° 21' in alcohol of 82 pc at 22° 
From thymene piciate and boiling NaOHAq 
(Lexfreit, J Ph [6] 13, 265) HNO3 converts 
it into a laavorotatory camphor [176°] (204°) 
Laevorotatory borneol CjoHj^OH Formed, 
together with ordinary borneol, by the action of 
Na on dextro or lie vo rotatory camphor (Mont 
golfier, A Ch [5] 14, 21 , C R 89, 101) 

Inactive borneol C,oH,hO [199°] (210°) 
Among the products of the distillation of colo 
phene {q v ) Also from its acetyl derivative 
Properties — Differs from dextrorotatory 
borneol only m being inactive The crystals 
float on water, but when pressed into a solid 
cake they sink (unlike camphor) Oxidised by 
HNOj to inactive camphor (Armstrong a Tilden, 
C J 35, 762) Heated with a large quantity 
of HCl it forms CjoH.^HCl 

Acetyl derivative CjoHi^OAc (215°) 

From terebene and HOAo at 100° (Bouchardat 
a. Lafont, Bl [2] 46, 164 , C 102, 171) 
According to Haller there are two true bor 
neols [a]j=« + or —37°, and the others are mo 
lecular compounds of these {v Oahiphob and 
Cineol) 

BOENYLAMIlSrE probably 

CH 

CiH,/ I ' [160°] (200°) V J) 5 6 (for 

\CH NH, 

6 8 ) od« -18° 86'41" 

Formation — 1 By reduction of camphor 
oxim m alcohoho solution by means of sodium 
2 By sapomfication of its formyl derivative 
obtained by heating camphor with ammomum 
formate at 220°-240° 

Properties — Crystalline solid, having an 
odour resembhng both camphor and piperidme 
In its physical properties it greatly resembles 
camphor Very volatile with steam Sublimable 
even at the orchnary temperature V sol aloo 
hoi, ether, <3ko, nearly msol water Alkaline 
reaction to htmus Takes np CO3 from the air 
Primary base. Gives the oarbamine reaction 
laevorotatory. Isomeno with oamphylamme. 


Salts — B'HCl easily solnble white needles 
[c 280°] — B'^C4H^tOl4 golden-yellow plates, 
v sol hot water or alcohol — B'BLjSO^, easily 
soluble rhombic tables — -B'sHsCltHgCl^ 

Formyl derivative C,AKHCHO; 
[61°] , colourless glistemng plates 

Acetyl derivative NHAo [141°] 

colourless plates 

Benzoyl derivative [181°], 

colourless plates , msol water and cold ligroin 
(Leuchart a Bach B 20, 104) 

BOBNYL BBOMIDE C„H„Br [75°] From 
borneol and HBr (Kachler, A 197, 98) 

BOBNYL CAMAMATE CiiHibNO, i,e 
C,oH,0 CONH2 [116°] From sodium-bomeol 
m toluene by the action of cyanogen (Haller, 
G R 93, 1511 , 94, 869) Monoclimc needles 
(containing aq ) SI sol hot water , sublimes 
partially at 100° Dextrorotatory Benzoic 
aldehyde and HCl form CHPh(NH CO 0 C,«H„), 
[187°] Cf Cineol 

BORNYL CARBONATE (C,oH,,),C08 [216°] 
Extracted by boiling alcohol from the residue 
left m the preparation of cyano borneol from 
sodium borneol and cyanogen (Haller, C R 94, 
86) White plates or hexagonal tables, msol 
water and alkahs, si sol cold alcohol, sol ether 
May be sublimed The rotatory power vanes 
with that of the borneol from which it is pre- 
pared Boiling alcohohc KOH gives EI^CO, and 
borneol 

BORNYL-CABBONIC ACID C,oH„0 CO^H 
Borneol carboxylic acid From sodium borneol 
and CO2 (Baubigny, Z 1868, 299 , Kachler a 
Spitzer, M 2, 236 , G G 1881, 359) — NaA' 
crystalline, v sol water, slowly decomposed 
by water with separation of borneol 

BOBNYL CHLORIDE C,oH„Cl [167°] 
Formation — From borneol (1 pt ) and HCl 
(9 pts ) at 100° (Berthelot, A 112, 366) 

Preparation — From PCl^ (60g ), light petro- 
leum, and borneol (45g added m portions of 
6g ) The product is shaken with water and the 
petroleum allowed to evaporate m the cold, 
when born}l chloride separates (Wallach, A 
230,231, Kachler,*^ 197,93, B 11,460) 
Properties — Crystals V sol hght petro- 

leum, m sol alcohol Lsevorotatory 

Reactions — 1 Converted into HCl and cam- 
phene C,oH,e [62°] (c 160°), by heating with 
water (40 pts ) at 96° (Kachler, A 197, 96) , 
better by warming with aniline (W ) A little 
borneol is also formed by the action of water on 
bornyl chloride (Kachler, A 200, 342 , Biban, 
A Ch [5] 6, 382) — 2 Sodium acting on a solution 
m benzene forms camphene CuH,, and hydro- 
camphene 0,oH,8 

BOBNYL-METHYL-TJREA 
C,oH„ NH CO NHMe [200°] Formed by the 
action of methyl oyanate upon bornylamme m 
ethereal solution Plates V sol ether and 
hot water (Leuchart a Bach, B 20, 108) 

BOBNYL OXIDE C^oH^^O t e (?) 

(285°-290°) Occurs m the essential oil of 
valerian (Bruylants, B 11, 466) Not attacked 
I by melted KOH 

BOBNYL FHENYL-CAEBAIIAXB 

I ^^^00 Bornyl - phmyl - urethane. 

[133°] Formed by the action of phenyl mnate 
! upon borneoL Needles. Sparingly wL cold 
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BORNYL PHENYL-OARBAMATE 


ligroln and alcohol, y sol other solvOnta 
ll^uchart, B 20, 115) 

BOKNYL-PHENia.-THIOXrEEA 
0,oH„ NH CS NHC A [170°] Formed by 

the action of phenyl mustard oil upon bomyl 
amine in ethereal solution Colourless needles 
Nearly insol ligrom (Leuchart a Bach, B 20, 
109) 

BORNYL PHENYL XTREA 

C,oH„ NH CO NHC«H, [248°] Formed by the 
action of phenyl cyanate upon bornylamine in 
ethereal solution Silvery plates or fine needles 
Sparingly soluble m ether and cold alcohol, 
easily m hot alcohol, insoluble in water (Leu 
chart a Bach, B 20, 108) 

BORNYL-UREa CjoH^NHCONHj [104°] 
Formed by boilmg bornylamine hydrochloride 
with potassium cyanate Colourless needles 
Easily soluble in hot water and alcohol (Leu 
chart a Bach B 20, 108) 

BORNESITE C,H„0« [175°] [a]n = 32° 

Methyl damboae A volatile substance occurring 
in the caoutchouc of Borneo Sublimes at 205° 
Bweet taste, does not ferment After boiling 
with dilute acids it reduces Fehlmg’s solution 
At 120° it 18 split up by fuming HI into Mel 
and dambose (Girard, C B, 73, 426) 

BOROFLVORIDES, v under Bobon, fluoride 
OF, p 626 

BORON B At w 10 97 Mol w unknown, 
as V D has not been determined b G — 
amorphous not determined, but greater than 
184— cryst 2 63-2 68 (Wohler, A 141, 268, 
Hampe, A 183, 75) S H about 37 at 250°, 
probably about 5 at 1000° {v post , p 625) 
Crystallises in dimetnc forms, u c * 1 6762 
(Sella, P 100, 646) , but crystals probably con 
tamed C and A1 {v post) S V S about 4 4 
Combmes directly with 0 and Cl with produc 
tion of much heat [B*,0^ =« 317,200 , [B,CI‘[) = 
104,000 (Troost a Hautefeuille, A Ch [6] 
9, 70) Chief lines in emission spectrum are 
2496 2, 2497, 3450 1 (Hartley, T 176, 49) 

Occurrence — Not as boron , chiefly as borax 
and bone acid in volcanic districts, also as 
borate of Mg with MgClj {lioracite), as borate 
of Ca with Ca sihcate (Datolite), &c Borax, or 
tincal^ has been known in commerce for many 
centuries , bone acid was prepared from borax 
in 1702 by Homberg , the element was obtained 
by Gay Lussao and Th4nard in 1808 by de 
oxidising bone acid by potassium, which metal 
had been obtamed by Davy the year before 

Formation By reduction of BjO, by K 
(Gay Lussac a Th^nard, G A 30, 363) — 2 By 
reduction of BF, KF by K (Berzelius, P 2, 113) — 
8 By electrolysis of fused BjO, (Davy, G A 
86, 440) — 4 By reduction of BCl, by H at a red 
heat (Dumas, A Ch 31, 876) —6 By fusing 
dry borax with amorphous P (Dragendorff, C C 
1861 866) —6 By heating BF, KF or BF, NaF 
with Mg (WfJhler a Deville, A Ch [3] 62, 62 , 
Geuther, J Z % 209) —7 By heating BA 
with Mg and treating the product with HClAq 
(Jones, C J 85, 42) 

Preparation, — Amorphous 10 parts fused 
BA m coarse powder are mixed with 6 parts 
Na in small pieces, the mixture is placed m an 
iron crucible heated to full redness, 4 to 6 parts 
of fused NaCl are added, and the crucible is 
eovered. When all action has ceased tne 


molten mass is stirred with an iron rod, and 
the contents of the crucible, while still hot, are 
poured into water containing a Uttle HOI The 
NaCl, borax, and B A» dissolve, and the boron 
remains The boron is washed with very dilute 
HClAq, then with alcohol, and then with 
ether, it is then dried at a very gentle heat 
(WOhler a Deville, A 101, 113 a 347 , 105, 67) 
Crystailine Amorphous B is pressed as 
tightly as possible into a small Hessian crucible, 
a hole IB then made in the mass and a rod of 
A1 (4-6 grams) is placed in the hole the 
crucible is covered and placed in another, 
larger, covered, crucible , the space between is 
filled with powdered charcoal, and the crucibles 
are heated to 1600° or 1600° for 1^ to 2 hours , 
after cooling the mass is treated with diksts 
HClAq which dissolves Al, and BN formed m 
the process (Wohler a Deville, ^ 105, 67) 
According to Hampe (A* ISgi 76) the crystals 
obtained by this process, or by any process said 
to yield crystalline B, contain Al, and some of 
them also C , Hampe gives the formula A1B,2 
to the black crystals, and C^l,B^s to the 
reddish yellow crystals, obtained by the fore 
going method {v Aluminium, borides of , and 
Aluminium, bobocarbide of) 

Properties — Amorphous boron is a greenish- 
brown, opaque powder , tasteless , odourless , 
non conductor of electricity , veiy infusible,* but 
melts when placed between the poles of a 
battery of 600 Bunsen cells Said to be slightly 
soluble in water , Bemitzer {Sitz W 82, 73b) 
supposes that the body which dissolves is a 
hydride of B {v Boron, hydride of) Insoluble 
in alcohol or ether Heated in vacuo or m an 
inactive gas, e H, B becomes darker in colour, 
heavier, and more compact Heated in 0, burns 
to BA» [B‘‘,0’’] = 317,200 heated in air, BA 
and BN are produced Oxidisea by heating with 
KNOj, K^CO,,, KOH, cono HNO,Aq, or aqua 
regia Combines directly with many elements 
c <7 S, Cl, Br, N The properties assigned by 
Wohler a Deville and others to crystalline B, 
are, according to Hampe’s experiments, the 
properties of AIB 2 , A 1 B, 2 , and CjAl^B^, {v 
Aluminium, boride of, and bobocarbide or) 
The atom of B is trivalent in gaseous molecules 
(data BC1„ BBr„ BF,) The atomic weight of 
B has been determined ( 1 ) by finding the V D 
of BClj and BBr, and estimating the Cl and Br 
respectively m these compounds (Deville a 
Dumas, A Ch [3] 56, 180) , ( 11 ) by dehydrating 
borax (Berzelius, P 2 , 129 , 8 , 19) , (in) by 
converting dehydrated borax into Na^SO^ by 
action of HFAq and H 2 S 04 Aq (Berzelius, P 2, 
128 , also Arfvedson, P 2, 127) , (iv) by deter- 
mimng the S H of boron {v infra) Boron is a 
non-metalho element m its chemical reactions , 
its oxide, B is an anhydride, bone acid, 
H 2 B 2 O 4 , corresponds in composition to nitrous 
acid, but thermal data show that boric acid is di- 
basic , the acids H,BOg and H JB 4 O, (and several 
salts derived from the latter) arc also known (v 
Boron, oxyacids of) BjO* seems to form com 



prowriieB , existence of aoid containing F 
(HBF4) , direct combination with N , existence 
of many borotungstates, probable existence of a 
gaseous hj'dnde, Ao In many points B resent 
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We§ N and P — tnvalency of B atom, com- 
position of compounds (BjO,, H4B2O4, BC1„ 
BOCl,, &c ) , BjS, not a salt forming sulphide 
in reactions with sulphides of very positive 
metals , existence of a B analogue of tartar 
emetic, Ac Boron is the first member of Group 
III (periodic law) , the succeeding members of 
this group are all decidedly metallic , but 
AljOg SHjO dissolves in KOHAq, and forms 
aluminates (g v ) , AljS, is also somewhat 
analogous to B^Sj the compositions of several 
B compounds are similar to those of the corre 
spondmg compounds of members of Group 
III, eg MA. MXj [X=>C1, Br] AlCl, 
and BCl, combine directly with POCI3 The 
differences between the chemical functions 
of B and the other elements of the group to 
whicb B belongs seem to be wider than is usual 
between th%. first and the following elements of 
the same group The^boron group comprises 
the following ^ 

Group III 

JEvenSetiet 2 4 6 8 10 12 

B(H) 8o(44) Y(89) La(139) Yb(173) — 

Odd SerUi 3 6 7 9 11 

Al(27) Gar 69) In(ll4) — Tl(i04) 

These elements are all metallic with the ex 
ception of B , in the reactions of B^O, towards 
oertam acids (p 627) B shows that it may act 
as a feebly metal like element Boric acid is 
an eAremely weak acid , its affinity is very 
small The borates are very unstable salts, 
easily decomposed, even by water, to bone acid 
and basic oxides The last member of the group, 
Tl, shows distinct analogies with the 11th series 
member of the next group, viz Pb , B shows dis 
tinct analogies with the 2nd senes member of the 
next group, viz C B occurs in Series 2, all the 
succeeding members of this series — C, N, 0, F — 
are very negative and non metallic , the general 
character of the •senes to which it belongs is 
stamped upon B, and the group character is but 
feebly marked It must, however, be remembered 
that very few compounds of B, except the 
borates and their derivatives, have been fully 
studied 

Specific heat The S H of B as determined 
by Kopp, Eegnault, and Mixter a Dana {A 126, 
d62 , Svppl 8, 1, 289 , J 1861 29 , A 169, 888) 
varied from 225 to 262 for the temperature 
interval 80°-70° In 1873-4 Weber carefully 
determined the S H of crystallised boron {v 
P M [4] 49, 161, 276) , the following table 
summarises his results 

S H of crystallised boron 


t 

SH 

8 H X At w 

-40° 

1916 

2 11 

+ 77 

2737 

8 01 

177 

8378 

8 72 

233 

8668 

4 03 


The S H increases as temperature rises, but 
the rate of mcrease per 1° is much smaller at 
high than at low temperatures The vanations 
in the rate of increase are almost identical with 
those observed m the case of carbon (g u); 
assuming that this identity remains at tern- 
eratures above 283°, the value which the 
H of crystallised boron will attain at about 
1000° 18 approximately 6 Weber did not 
analyse the crystals of boron used , they were 
prepared by heating boric acid with A1 Accord 


mg to Hampers investigation crystals thus 
prepared are a defimte compound of B and A1 
(ante, p 624) 

Reactions — 1 Heated in atr, BjO, and BN 
are formed -2 Heated m oxygen, B bums to 
BjOg — 3 Heated to redness in N, BN is formed 

4 B combines directly with many elements, 
e g Cl, Br, S, and some metals {v Borides) — 
6 Water is not decomposed by B at 100° but 
at a red heat Steam reacts with B to form 
boric acid and H — 6 B is oxidised by heating 
with nitric acid, cone sulphuric acid, or aqua 
reguL, or by the action of molten nitre, or 
various oxides of heavy metals —7 B is also 
oxidised by heating with potash (H is evolved), 
or with alkaline carbonates (0 is separated, 
Berzelius, P 8, 19), or with phosphoric acid 
(P 18 separated, Wbhler a Deville, A Ch [3] 62, 
63) — 8 B burns when heated in nitric oxide 
forming B^Og and BN , NjO is without action on 
B — 9 At a red heat B decomposes sulphuretted 
hydrogen, hydrogen chloride, and ammonia, 
forming respectively BjS, and H, BClg and H, 
BN and H — 10 Many metallic chlondes and 
sulphides, c g PbCl2, AgCl, PbS, are reduced to 
metal when heated with B — 11 From aqueous 
solutions of gold chloride B pps Au — 12 
Aqueous solutions of caustic alkalis do not 
react with B — 13 So called crystalline boron 
reacts similarly to amorphous boron, but the 
reactions occur only at high temperatures , it is 
oxidised with much difficulty 

References — Gay Lussac a Th6nard, O A 
80, 863 , Davy, O A 36, 440 , Berzelius, P 2, 
113, WOhlera Deville, A 101,113, 103,347, 
106, 67 

Boron, Bromide of BBr, Mol w 260 22 
(90 6°) (Wohler a Deville, A Ch [3] 62, 89) 

5 G 2 69 (W a D Z c ) V D 127 

Formation — 1 By action of Br on BjO, and 
C at red heat (Poggiale, C R 22, 127) — 2 By 
heating BjO, with PBr, (Gustavson, B 2, 
661) 

Preparation — Amorphous B is loosely 
packed into a glass tube, the tube is gently 
warmed and H is passed through it until every 
trace of moisture is removed , the H stream is 
stopped, the corks of the tube are removed for 
a moment oi two, and then the B is gently 
heated in a stream of dry Br vapour, and the 
liquid BBrg is led into a dry flask surrounded 
by ice cold water The BBr, is freed from Bf 
by digestion with Hg, and distillation 

Properties and Reactions — Colourless, 
strongly fuming, hquid Beacts with HjO to 
form HBrAq and HgBOgAq Forms a compound 
with dry NH, (v also Nickl^s, C R 60, 800 , 
Gautier, C R 68, 920) 

Boron, Chloride of BCl, Mol w 117 08 
(18° 23) at 760 mm (Begnault, Acad 26, 668) 
S G 11 1 86 (Wohler a Deville, A Ch [8] 62, 
63) V D 68 2 H F [B, Cl>] - 104,000 (Troost 
a Hautefeuille, C R 70, 186) 

Formation — 1 By direct combination of 
B and Cl (Berzelius, P 2, 147) —2 By the 
reaction of Cl with B^Og and C at a red heat 
(Dumas, A Ch [2] 31, 486 , 33, 876) —8 By the 
reaction of B with dry HCl — 4 By reaction 
between HgCl*, PbCl,, or AgCl, and amorphous 
B — 6 By heating B^O* with Pd* to 160® lor 
some days (Qustavson, B 3, 426 « 4, 976). 
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^Pfipo/rdt/UM — Amorphous B i# hoAted in H 
until quite dry, then in dry Cl (details v Boron, 
BROMIDE or) , the exit-end of the tube is con- 
nected with a Y tube, the upper part of which 
IS surrounded with a mixture of snow and salt, 
and the lower limb passes into a dry tube 
also surrounded by snow and salt 

Properties — Colourless, highly refractive, 
liquid Very expansible by heat Fumes in 
air with decomposition 

Reactions — 1 With water forms HjBOj,Aq 
and HClAq, [BC1», Aq] = 79,200 (Troost a 
Hautefeuille, A Ch. [6] 9, 70) —2 Not decom 
posed by heatmg with etnc dicst to 200*^ , or 
>vith sodium below 150°, at 160° B is separated 
8 Heated for some time with superficially 
oxidised sodium amalgam at 150° B is separated 
(Gustavson, B 8, 420) — 4 Heated with P^Oj, 
the compound BCl, POClj is formed {v infra) 
(Gustavson, B 4, 975) — 5 Heated with sulphur 
tnoxide, B^Ot and SOjClj aie formed (Gustavson, 
Z c ) — 6 With alcohol forms B(OEt)3 and HCl — 
7 With NOj reacts to produce BCl, NOCl, B^O„ 
and 0 (Geuther, J pr [2] 8, 854) 

Combinations — 1 BCl, vapour passed into 
POCl, forms crystals of BClg POCI3 (Gustavson, 
B 4, 976) This compound melts at 73° m a 
closed tube , by sublimation it separates into BCl, 
and POCI3 , it 18 decomposed by v ater, or moist 
air, mto HjPO^Aq, HaBOjAq, and HClAq The 
same compound is produced by the leiction of 
BCiaWithP Oj, and of BjOgWith POCljlG Zc ) — 

2 With ammonia gas gives 2BC1, 3NH„ with 
production of much heat (Berzelius, P 2, 147) 

3 The compounds BCI3 CNCl, and BCl, CNH, 
are known (Martius, A 109, 80 , Gautier, C R 
68, 920) 

Boron, Fluonde of BF, Mol w 68 27 
V D 83 7 9 (0°) 1043 

Formatum — 1 By reaction, at white heat, of 
an intimate mixture of 1 part B_jOj with 2 parts 
CaFj free from silica , Gay Lussac a Thdnard 
(A Ch 69, 204) prepared BF, by this method, 
in 1810, using vessels of flmt, and collecting the 
gas over Hg — 2 By heatmg 1 part BgOg with 
2 parts CaF^ and 12 part; cone H^SO^Aq m 
glass vessels (J Davy, T 1812 365) , or 1 part 
BgO,, 1 part CaFg, and 20 parts H^SO, (Ferrari, 
J Ph 19, 48) Prepared thus, the gas always 
oontams SiF^ (Berzelius, P 2, 116) 

Preparation — 100 parts KBF^ are mixed with 
16-20 parts fused and fmely powdered B,0„ 
and the mixture is heated with cone HjSO^, 
the gas IS collected over Hg (Schiff, A Suppl 
6, 172) 

Properties — Colourless gas, with suffocating 
odour, condensed to a limpid hquid at — 110° and 
strong pressure (Faraday, A 6b, 152) Acts on 
orgamo matter like cone H^SO^ , incombustible , 
not decomposed by electric sparks , does not 
act on glass, is very stable, not decomposed 
by Fe at red heat 

Reactions — 1 with water forms borofluor- 
hydrio acid HBF4Aq {v infra), or fluobono 
acid HBOgdHF {v p 580), according as the 
BFg is passed mto water until the reaction is 
acid, or until the water is saturated {v infra) 
[BF»,Aq]- 24,610 (Hammerl, C R 90,812) — 
2 Cone sulphuric acid absorbs BF, (about 50 
vols), on ^ding water bone acid is ppd 
(J Davy, T 1612 865).— >8 Alkali, and alkaline 


earth, metals react at red heat, forming bon>- 
fluondes and B (Berzehus, P 2, 138) — 4 With 
alcohol bone acid and ether are formed 

Combinations — With ammonia to form 
BF, NH„ a solid body not decomposed by subli- 
mation , also BF, 2NH, and BF, 3NH„ liquids, 
decomposed by heat, by exposure to air, or by 
dry CO„ giving NH, and BF, NH, (* Davy, T 
1812 368) According to Kuhlmann {A 39, 320) 
BF, also combines with the oxides of N 

Borofduorhydbio Acid, and BoRomuoRiDES 
HBF4, MBF4 {Hydrofluoboric acid ) When 
BF, IS led mto water un^il the liquid shows a 
strongly acid reaction, and the liquid is cooled, 
I of the B of the BF, separates as H^BjO, and 
the rest remams in solution in combination with 
H and F By neutralising the liquid ^th 
KOHAq, and evaporating, a salt havingthe 
composition KBP\ is obtained ✓^f the acid 
liquid 18 evaporated , HF is evolved, and 
6HF remams in section (v flugborio 
ACID under Boron, oxtaoids op) According to 
Landolph (C R 86, 603) the acid HBF, may be 
obtained as a colourless liquid, boiling at 130° 
with partial decomposition, by the reaction be 
tween BF, and anethol OCH, CgHJ the 

acid reacts with a little water to produce HFAq 
and HBOgAq A solution of HBF, is also ob 
tamed by dissolving crystallised bone acid in 
dilute, cooled, HFAq „ 

Boropldorides These salts have been 
chiefly studied by Berzelius (P 2, 113) They 
are obtained by the reactions between (1) me 
tallic oxides or carbonates and HBF4Aq (2) BF, 
or HBO, 3HFAq and metallic fluorides, (3) 
HFAq and metallic fluorides mixed with HBOj , 
in the last case half the metal of the fluonde 
usually forms an oxide Most borofluondes are 
crjstallme, soluble in water, decomposed by 
heat to BF, and metallic fluqnde , heated with 
cone H38O4, BFg, HBF^Aq, and metallic sul- 
phate, are produced , fused with alkah carbo- 
nates they form a mixture of alkah metal fluo 
ride and alkali borate, this reaction affords the 
basis of a method for analysmg the borofluo- 
ndes {v Mangnac, Fr 1, 405) Many boro 
fluorides are partially decomposed by water 
forming so called basic salts, e g Ba(BF4)j 2H2O, 
Ca(BF4)2, Pb(BF4)2, some — eg the Ba or Pb 
salt — are partially decomposed by alcohol , the 
aqueous solutions of several — e g NH^ BF^, 
Ca(BF4)2 — redden blue litmus 

Potassium borofiuoride KBF^ Obtained as 
a gelatinous pp by adding HBF^Aq to a soluble 
K salt Prepared by Stolba (C 6 1872 395) 
by heatmg to boiling 1 part crystalhsed bono 
acid, 2j parts powdered CaF,, and 5^ parts 
cone H2SO4, cooling, filtering, ppg KBF^ by 
addition of a soluble K salt, crystallising from 
hot water — S (cold) 70 — The salt forms white 
lustrous BIX sided tables , may be crystallised 
from alcohol or alkali carbonate solutions , 
melts when heated, and at a high temperature 
decomposes to BF, and KF 

The other borofluondes are A1,(BP4)„ 
NH4BF4. Ba(BF4),2H20, Ca(BF4)2, CufBFj,, 
Pb(BF4)2, L1BF4, Mg(BF4)„ NoBF,, Y,(BF4)„ 
ZngFJ, 

Boron hydride No hydnde of B has been 
obtained free from H , but the experiments of 
Jones (C J 85, 41), and of Jones a Taylor 
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(C J 39, 213), leave little doubt that a gaaeoua 
hydride exists and show that its composition is 
probably BH, 

Preparation — An intimate mixture of 1 part 
recently heated Bp, and 2 parts Mg dust is 
placed m a Hessian or iron crucible, the lid is 
firmly wired down, and the crucible is heated in 
an ordinajf^ fire , a violent reaction occurs, the 
crucible is at once removed from the fire , the 
fused mass— a mixture of B, Mg, MgjB^, Mg,Nj, 
and MgO — is placed in a small flask along with 
a little H 0, and cone HClAq is allowed to drop 
into the flask from a stoppered funnel tube , the 
gas IS collected over water, or is dried by CaCl^ 
and collected over Hg MgjBj may also be 
prepared by direct combination of B and Mg, 
or by heating Mg in BCl, vapour (J a T , C / 39, 
214)'* The gas consists of H mixed with a very 
small quanAty of B hydride 

Analysis — A known^olume of pure H was 
burnt, by hot CuCf»to Hp, and the H^O was 
weighed , an equal volume of the gas prepared 
as above was burnt in the same apparatus, and 
the Hp was weighed , the excess of Hp in the 
second experiment over that in the first gave a 
measure of the H combined with B as B hy 
dride The results showed the composition of 
the hydride to be BH^ where x>2 and is ap 
proximately == 3 

P%pperties and Reactions — Colourless, very 
disagreeable odour, sparingly soluble in water, 
solution seems to be unchanged on keeping 
Gas burns with bright green flame producing 
Hp and Bp, Decomposed by passing through 
a hot tube to B and H Reacts with AgNOjAq 
producing small quantity of a black pp con 
taming B and Ag, and decomposed by HP giving 
B hydride Reacts with K MnPgAq giving 
MnOj and H,BO,Aq Combines with NH, 
(cone NH,Aq) to ^form a crystalline compound, 
of unknown composition, decomposed by acids 

References — Older attempts to prepare hy- 
dride of boron Wohler a Deville {A Ch [3] 
52, 88) , Geuther (J 18G5 125) , Gustavson {Z 
1870 521) {v also Reinitzer, Sitz W 82, 736) 
Compounds of B with paraffin radicles are 
known, eg BEt, {v Bobon, Oiioamo debiva 
TIVE8 or) 

Boron, Hydroxides of, v Boron, oxyacids 
OF 

Boron, Iodide of Not known Wdhler a De 
ville (A Ch [3] 52, 90), by the action of I on B at 
a high temperature, obtained a body which they 
regarded as an oxyiodide Agl does not react 
with B even at the melting point of Ag 

Boron, Nitride of BN Mol w unknown, 
as compound has not been gasified Obtained 
in 1842 by Balmain by melting B O, with KCN 
(2 M [3] 21, 170, 22, 467 , 23, 71, 24, 191) 
Composition determined by Wohler in 1850 {A 
74, 70) 

Formation — 1 By heating B in N, or in 
NH, — 2 By heating to whiteness a mixture of 
4 parts Bp, and 1 part charcoal powder in N 
8 By heating borax (Wbhler, Z c ), or boric acid 
(H ]^se, P 80, 266), with NHpl, or K^FeCy, 
iW Z c ), or KCN, or Hg(CN)2, or urea 
(Darmstadt, A 161, 266) — 4 By heating 
2BOl,.dNH, and passing the vapour, along with 
NH|, through a hot tube (Martius, A 109, 80) 


5 By heating the oompound of BCl, with NH,£t 
to 200° (Gustavson, Z [2] 6, 621) 

Prej^raPion^^K. mixture of 1 part dehy 
drated borax and 2 parts NHpl— or 7 parts 
Bp, with 9 parts urea (Darmstadt, Ic) — is 
strongly heated in a covered Pt crucible, the 
finely powdered mass is boiled with much water 
containing a little HCl, washed with hot water. 
Bp, 18 removed by careful treatment with 
HFAq (Wdhler, I c , could not remove all Bp, 
thus), and the BN is washed and dried 

Properties — White, light, amorphous, pow- 
der , insoluble m water , infusible , soft (like 
talc) to the touch , heated in the edge of a flame 
exhibits greenish white phosphorescence , very 
stable and very slightly acted on by most 
reagewts, c gr by heating m air, 0, I, H, CO„ or 
eSj, or with cone HClAq or HNOaAq or KO]^q 

Reactions — 1 At a very high temperature 
reacts with chlorine, to give BCl, (Darmstadt, 
A 151, 255) — 2 Heated to redness m steam, or 
to 200° in a closed tube with water, NH, and 
HaBO, are formed— 3 With molten potash^ 
NH, and K borate are produced — 4 With 
molten potassium carbonate KCNO and KBO, 
are formed, if much BN is used KCN is also pro- 
duced — 5 Oxides of Pb, Cu, or Hg are reduced 
by heating with BN, with formation of NO or Np, 
(Wohler, A 74, 70) — 6 Heated with cone 
sulphuric acid, or with cone hydrochloric acid 
to 200° in closed tubes, NH, and H3BO, are 
formed — 7 With cone hydrofluoric acid 
NH^ BF4 is formed — 8 Heated in an alcohol- 
flame fed with oxygen, BN burns to Bp, 

Boron, Oxide of Bp, {Boric anhydride ) 
Mol w unknown, as compound has not been 
gasified [677^] (Carnelley, C J 33, 278) 8 G 

1 75-183 (Playfair a Joule, C S Mem 8, 67, 
V also Ditte, A Ch [5] 13, 67) 8 H (16°-98°) 

2374 (Regnault, A Ch [3] 1, 129) H F 
[B ,0^] = 317,200 (Troost a Hautefeuille, A Ch 
[5] 9, 70) 

Preparation — By heating B in 0, or by 
strongly heating boric acid {g v) 

Properties — Semi transparent, colourless, 
brittle, inodorous, glgss like, solid , volatihsedat 
a very high temperature (Ebelmen, A Ch [3] 
22, 211) , volatilised in steam or alcohol vapour , 
non conductor of electricity (Lapschm a 
Tichanowitsch, P M [4] 22, 308 , Bowgom, 
C R 67, 798) 

Reactions —Bp, is a very stable compound , 
it IS not decomposed by heating with powdered 
charcoal or with P vapour It is an anhydride, 
but appears to show a feebly basic character m 
its reactions with certain acids {infra 6-8) 

1 Heated with potassium, sodium, or aluminnum^ 
metallic oxide and B are formed — 2 Mixe4 
with charcoal and heated in nitrogen, chlorine^ 
bromine, or carbon disulphide, BN, BCl,, BBr,, 
or B S3, 18 formed — 8 Salts of most acids, e g 
sulphates, mtrates, carbonates, are decomposed 
by heating with Bp, to a high temperature, 
with production of borates and volatilisation of 
the acid {v Tate, C J 12, 160) — 4 Reacts with 
most metallic oxides at high temperatures 
to form borates — 6 With water forms bono 
acid (2 V ) — 6 BjO, is said to react with 
fuming sulphuric acid to form a compound 
xBp, ySO, ^Hp, the values given toa;,y,andsby 
different chemists vary , thus Merz gives the fox* 
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inolaSB A 2SO, 2H,0(7 pr 99.181),andSclittltz- 
Sellack gives the formula BP, 880, H,0(B 4,15) 
This compound is easily decomposed by heat to 
B.O, and SO, —7 B,0, is said to form a com 
pound with phosphoric anhydride, B,0,P,0, 
this body is produced by heating together 
H,BO, and cone APO^Aq (Vogel, <2? 1870 126), 
and removing excess of the latter by hot water , 
it 18 also formed, according to Gustavson {B 3, 
426 , 4, 976), by heating B,0, with PCI, to 140° 
lor 8-4 days, and also by heating B^O, with 
POCl, to 160°-170° for 8 to 10 hours, distilling 
off the pool, BCl, formed {v Boron, chloride 
OF , Combinations, No 1) and strongly heating 
the residual solid Bp, PP, is said to be m 
soluble in hot water, to be unacted on by acids, 
dissolved by boilmg KOHAq, and to be decom 
posed by heatmgwith Na, giving Na phosphide, 
and probably phosphide of B — 8 A com 
pound of B^O, with tungstic anhydride 
(Bp, 9WO3 xHP) IS described by Klein {Bl [2] 
86, 206), V Tungstoboratbs, under Tungsten — 
9 Bp, dissolves in hydrofluoric acid, forming 
Bp, eHFHjO (^HjBp^OHF) (u Fluoboric 
Acid, under Boron, oxyacids or, p 530) — 10 
When a solution of 1 part Bp, and 2 parts 
KH in 24 parts Hp is evaporated to 

dryness at 100°, and the residue is treated with 
alcohol, a white, amorphous solid remains, in 
soluble in alcohol but very soluble in water 
This solid has the composition CP^KBO, , its 
reactions are similar to those of tartar emetic , 
probably it is the K salt of an acid B Cpp, OH 
analogous to the acid Sb Cpp^ OH obtained 
by Clarke a Stallo (B Id, 1787) (v Meyrac, 
J Ph 8, 8 , Soubeiran, J Ph 3, 399 , 11, 660 , 
25, 741, 86, 241, Duflos, 8 44, 333, Vogel, 
J Ph 3, 1 , Bobiquet, J Ph [3] 21, 197 , 
Wackenroder, Ar Ph [2] 68, 4, Wittstem, 
R P [3] 6, 1, 177 , Duve, J 1869 640 , Biot, 
A Ch [3] 11, 82 , V also under Tartrates) 
Boron, Oxyacids of, and their Salts Three 
definite hydrates of Bp, appear to be known , 
orthobortc acid Bp, 3Hp ( = H,BO,), metaboric 
acid BP, HP ( = Hpp,), and pyrohoric (or 
tetrabonc) acid 2Bp, HjO HPP,) Another 
hydrate 2]Bp, 3Hp was described by Berzelius 
{S 28, 161) as obtained by heating H,BO, 
* considerably over 100° ’ Most metallic borates 
may be regarded as derived from Hp^O^ , some 
— e g borax— from Hpp, , a few are perhaps 
derived from HPP,, e g CajBp, , and m 
addition to these several borates exist which 
at present must be regarded simply as com 
pounds of BjO, with metallic oxides {v infra) 
All the boric acids are * weak ’ acids, their salts 
are easily decomposed by reactions with other 
acids, the aflinity of bone acid is extremely 
small, Napp^ m solution is entirely decomposed 
by an equiv^ent of H2SO4 {Th 1, 209) Borates 
of the less positive metals are usually formed 
only by fusmg together BjO, and the metalhc 
oxides Many of these borates are decomposed 
by water, some of them are partially converted 
into carbonates when exposed to the action of 
moist air, borates even of the very positive 
metals readily oombme with bone acid to form 
acid salts, but these salts, although containing 
excess of bone acid, usually turn red htmus 
blue, even alkali borates are partially deoom 
posed by water Thomsen’s thermal mves 


tigation of bone acid proves that the acid 
obtamed by dissolving Bp, m water is dibasic ; 
thus . — 

m[mNaOHAq,B’0*Aq] 

1 11,101 

2 20,010 

8 20,460 

6 20,640 

The normal Na borate is therefore NaPP, 
When boric acid is added to a solution of this 
salt heat is produced , thus — 

w[Na<B 0‘Aq,wB^O*Aq] 

1 2,192 

4 4,944 

Acid salts are therefore probably formed, but 
the reaction of the solution towards litmus is 
still alkaline {Th 1, 206) _ 

Orthoboric Acid HpO, {Boracic Acid , 
Boric Acid) [184°- 186°] (CamelleJ, C J 33, 
275) # 

Occurrence — In the wat^s of many volcanic 
districts, eg in Tuscany , in many mineral 
springs , in combination with Na — as borax — 
in the waters of certain lakes m S America, 
Thibet, Ceylon, &c , in several minerals, eg 
horacite (borate of Mg), boronatrocalcite (borate 
of Ca and Na) 

Formation — 1 By oxidising B with aqua 
regia, evaporating, dissolving m water, and 
recrystalliBing — 2 By dissolving Bp, m 
water 

Preparation — 3 parts crystallised borax are 
dissolved in 12 parts boiling water, and (after 
filtering if necessary) 1 part cone HjSO^ is 
added , boric acid separates on cooling The 
crystals are gently heated, recrystallised from 
water, dried, fused in a Pt crucible (to remove 
all H^SO^), again recrystallised from water, and 
dried by pressure between filter paper 

Properties — White, semi-Zransparent lam 
mas , tnclinio (Miller, P 23, 658), monoclimo 
(Kengott, Site W 12, 26) S G 1434 
(Stolba, J pr 90, 467) S (19°) 3 9, (25°) 6 72, 
(37 6°) 7 9, (60°) 9 84, (62 5°) 16 34, (75°) 21 16, 
(87 6°) 28 17, (100°) 33 67 (Brandes a Fimhaber, 
Ar Ph 1, 50 , V also Bitte, C B 86, 1069) 
SG of H,BO,Aq saturated at 16° = 10248 
(Stolba, J pr 90, 467) Heat of solution, 
[H»BO*,Aq] = ~ 6396 {Th 8. 196) Soluble m 
alcohol and several oils (Eose, P 80, 262); 
soluble m warm cone HpO^, HCl, or HNO„Aq, 
but most of the bone acid separates on cooling 
Aqueous solution turns blue litmus wine red, 
and turmeric paper cherry red, alcohohe solu- 
tion bums with green edged flame 

Reactions — 1 Heat^ to 100° HJBP, is 
produced (Schaffgotsch, P 107, 427 , Bloxam, 
C J 12, 177 , Merz, J pr 99, 179) , heated to 
140° for a long time, or to 160° in a current of 
drv air, Hpp, is formed (Merz, I c , Ebelmen 
a Bouquet, A Ch [3] 17, 63) , heated to about 
800° the oxide Bp, remains Berzehus (S 28, 
161) said that Hpp, (-2BP,3HP) is 
formed by heating HpO, to a temperature 
* considerably above 100° ’ , Merz {I c) affirmed 
the production of 8B30,.Hij0 at 270° — 2 Boil- 
ing cone HpO,Aq dissolves a few metallic 
sulphides and oandes (Tissier, C R 89, 192 , 46, 
411) , decomposes alkali and alkalme earth 
carbonates (Popp, A Suppl 8, 10) — 8 With 
alkalis and alkMx carbonates salts of the form 
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or are generally pro- 

duced, few metallic s^ts of the form MjBO, 
are certainly known , hence H,BO,Aq reacts as 
H3j04Aq (v also Borates) Ethereal salts of 
HjBO , — e g EtaBOg, MejBO,— are known, but 
none of them is directly formed from HoBO, 
(p 630) • 

Metabobio acid, H2B2O4 , and Ptrobobio or 
Tetbaborio acid, H^B^O, Formed by heating 
HaBOg {v supra) , glass like, amorphous solids 
Some salts of H2B2O4 are obtained by the reaction 
between H^BgO^Aq and alkalis , salts of H2B4O, 
are obtained indirectly {v infra) 

Borates No borate is quite insoluble in 
water , the alkali borates are very soluble The 
less soluble borates are easily decomposed by 
water, the easily soluble salts are also decom 
posed, but mss quickly , an alkali borate, for 
instance, in cone ^aqifeous solution slightly 
reddens litmus, but when much water is added 
the litmus becomes blue Solutions of alkali 
borates absorb COj and H^S , they decompose 
NH, salts when boiled with them , dilute solu 
tions react with Hg and Ag salts similaily to 
alkali solutions A few borates can be obtained 
as definite, fairly stable, salts by precipitation 
from solutions , KHB O4 2Jij,0 separates from a 
solution of K CO, in excess of B^OgAq to which 
much^KOHAq has been added, MgBp, 4H 0 
IS said to be formed by the reaction between 
borax solution and Mg2N03Aq The more 
definite borates are generally obtained by melt 
mg together B^O, and basic oxides As a class 
the borates very readily undergo change , the 
composition of very manv is therefore extremely 
doubtful H Kose, who mvestigated many 
borates, did not attempt to wash his prepara 
tions, but pressed them between filter paper till 
dry, and then determined the quantities of the 
admixed foreign salts Most borates seem to 
belong to the two forms O, and M BiO^, 
many may be represented as MJB0O4 arH B2O4 
and M2B4O, XH2B2O4 , a few — e g 3MgO B 0, — 
may be regarded as derivatives of H3BO, The 
best marked borates are the salts of K and Na 

Potassium borates — (1) Normal mrta- 
borate, K2B2O4 Monoclmic crystals [ah c — 
2 744 1 2 676) , by melting, at white heat, 1 part 
B2O, With 1 95 parts K2COJ, dissolving in water, 
evaporating to a syrup out of contact with air, 
and crystallising (Schabus, Bestimmung der 
Krystallgestalten &c [Wien, 1855], 31) — (2) 
Acid metaborate, K2B2O4 H^BjO, 4H2O Eegular 
Bix-sided prisms , by saturating boiling K^COjAq 
with BjO^Aq, adding KOHAq to strongly alka 
hne reaction, evaporating, and crystallising 
(Laurent, A Ch [2] 67, 216) Said to sometimes 
crystallise with SHjO in rhombic prisms , and 
to lose HjO when heated in a closed vessel — 
(8) Other acid salts K2B2O4 2ByB2^4 GHoO, 
obtained like (2), but using less KOHAq 
2K2B2O4 4H,B204 6H20(or 4H2O) , by adding 
B .0,Aq to boiling KjCO^Aq until solution has a 
slightly acid reaction (Bammelsberg, P 95, 199 , 
Beissig, A 127, S3) 

Sodium borates — (1) Normal meta- 
borate, NaaBj04 4H2O Large monoclimo 
prisms , by fusing 1 part dry NajCO, with 1 17 
parts B.O, (or witn 8 6 parts crystal hsed 
iKirax), aiBsolying ii) water, and crystallising 
Yoi*. L 


out of contact with air Melte at 57**, salt 
with 3H3O separates on cooling Mixed with 
NaF in solution, and crystalhsed, the salt 
Na3204 6NaF HjO separates {v Fluobobic acid) 
(Hahn, J 1859 128) — (2) Acid metahorates* 
NajBgO, 3H2B2O4 THjO, lustrous, hard, crystal- 
line crust, obtained by boiling solution of 9 
equivs borax with 1 equiv NH4CI so long 
as NH, IS evolved, and crystallising (BoUey, A 
68, 122) Na^aO, dH^BP, 7H3O, small crystals, 
obtained by dissolving in water 1 equiv borax 
with S equivs HgBOg, and crystallising (Laurent. 
C R 29, 5) — (3) Orthoborate Na,BO, Said 
to be formed by fusing B^O, with excess of 
NaOH (Bloxam, C J 14, 143) —(4) Tetra, or 
pyro, borates (a) Borax Na3407 lOHjO, 
ordinary or prismatic borax , Na2B40, SHgO. 
octahedral borax The former occurs native, 
it 13 obtained by purifying crude borax, or by 
fusing 1 part dry Na CO3 with 2 34 parts H,BO,, 
dissolving in warm water, and slowly crystallis- 
ing from a solution of S Gr 1 14-1 15 (B P 104°), 
stopping when the temperature has fallen to 25°- 
30° The salt with 5B.^O separates from aqueoua 
solutions of ordinary borax of S G 1 246 at tem- 
peratures between 56° and 79°, or from super- 
saturated solutions of the same salt protected 
from dust, or from aqueous solutions of any 
strength evaporated at 10° to 12° fGernez, 
C R 78, 68) Ordinary borax crystallises m 
large, transparent, colourless, doubly refractive, 
monoclmic prisms (a 6 c = 10995 1 5629 
73° 25') SG l69(Filhol, A Ch [3] 21, 416) 

S (0°) 2 8, (20°) 7 9, (40°) 17 9, (60°) 40 4, (80°) 
7o 2, (90°) 119 7, (100°) 201 4 (Poggiale, A Clu 
[3] 8, 463) S G of solution saturated at 15° ■= 

1 0199 (contains 38 494 borax) (Michel a Kraft^ 
A Ch [3] 41, 471) Insol in alcohol Heat 
disappears during solution , [Na^*0^ 10H*O,Aq] 
= -25,860 (Thomsen) 8.H (19°-50°) 885 
(Kopp, T 156, 71) Kefractive indices (23°, 
Na light) for a- 14463, for 3-14682, for 
7 = 14712 (Kohlrausch, TT 4,1) The crystals 
effloresce in air (according to Suns only when 
they contain sodiui# carbonate) , when heated 
they melt and give off lOHjO, leaving burnt 
borax (NajB^O,), which melts at a red heat to a 
glass like mass {vitrified borax) of S G 2 86 t 
exposed to moist air this takes up lOHjO Solu 
tion of borax in water is alkahne to litmus , it 
dissolves many organic compounds more readily 
than water, e g benzoic acid and gallic acid, somo 
compounds insoluble in water dissolve m borax 
solution, e g stearic acid, various gums, resins, 
and oils , As^O^ dissolves easily , sihcio acid 
only very slightly Molten borax dissolves 
many metallic oxides and salts forming fusible 
double salts , hence its use as a flux, and also 
in analysis Crystals of corundum were ob 
tamed by Ebelmen (A 80, 205) by dissolving 
AljOj in molten borax, and crystals of rutile and 
tridymite by dissolving TiOj and S1O3, respec- 
tively, m the same solvent (G Bose, J pr 101, 
228 , 108, 208) Octahedral borax crystallises 
in hard, transparent, regular octahedra S G 
1 8 Unchanged in dry air, but m moist air 
changed to prismatic borax Melts to a glass- 
like mass 

( 6 ) Amorphous tetraborate 
Na 2 B 40 , 4 H 2 O Obtained according to Sohwsizer 
(A 75» 267) by evaporating aqueous boras 
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■olution ftt 100*^ and drjing the residue at the 
same temperature for a long time 

(c)NajB40, 6H2O was found by Beohi 
{Am S [2] 17, 129 , 19, 120) in an old lagoon , 
it has not been prepared artificially 

The remaining borates have been chiefly 
investigated by Berzelius {S 2d, IbO , P 2, 113 , 
9, 433, 83, 98, 34, 6bl) , Arfvedaon {G^n K 
6th ed ) , Gmelin {v Gm ) , IL Rose (P 9, 176 , 
19, 163 , 86, 661 , 87, 1, 470, 687 , 88, 299, 482 , 
89, 473, 91, 462), WShler (P 28, 625), 
Bammelsberg (P 49, 445) , Ebelmen {A Ch [3] 
16, 129 , 17, 64 , 38, 34) , Bouquet {A Ch [3] 
17, 64) , Bolley {A 68, 122) , Herapath (P M 
[8] 34, 376) , Laurent {A Ch [2J 67, 215) , 
Tissier (C li 39, 192 , 45, 411) , Bloxam (C J 
12, 177 , 14, 143) For an account of various 
supposed compounds of MO with B O, Ditte 
(A Ch [6] 80, 248) The following are the 
salts which have been chiefly examined , but the 
composition of many is not settled 
Aluminium — 2A1^0, B Og 3H_;0 , 

8AI2O3 2B2O, 7H2O (H Bose) — SAljOjBjO, 
(Ebelmen) 

Ammonium — (NH4)2B204 H^B^O, 2H2O (also 
8H2O) (Arfvedson) dH^O 

(Bechi, Am S [2] 17, 129 , 19, 120) 

(NH4)2B204 3KB2O4 3H2O (Gmelm) — 
fNH4)^204 4H2B2O4 2H2O (Bammelsberg) 
Barium — BaB204 IOH2O (Berzelius) — 
BaB204H20 (Bose) — BaB204 H2B2O4 4H-,0 , 
BaB204 2HJ2B2O4 12H20 , 2BaB204 H2B2O4 14H2O 
(Laurent) — Ba,(BO,)2 , 2BaO BjO, , 6BaO 2B2O, 
(Bloxam) — 2BaO SBjO, , BaB40, (Ditte, C B 
77 788) 

Cadmium — CdB304 , 2CdB204 CdOgHj 2H2O 
(Bose) 

Calcium — 

CBB3O4 2H20 , 2CaB204 H2B2O4 4H2O (Bose) — 
CaB204 (Tunnermann) — 

CaBo04 3H^204 6H2O (Laurent) — 
CaB204, 3Ca0 2B20,, 2Ca0 3B20,, 

3CaO 3MgO dBjO, (Ditte) 

CohflZf — 2C0B2O4 C0O2H2 3H2O (Bose) 

Copper —Composition jvery uncertain {v 
Tunnermann, Bose, Laurent, Bolley , also 
leBoux, C B 64, 126, Pasternack, A 161, 227 , 
Poussier, B 6, 1138) 

Didymium — DiBO, (Cldve, Bl [2] 43, 364) 
Iron — Fe(B204), , found in a lagoon- 

crater (Bechi, Am S [2] 17, 129 , 19, 120) 
Basic salts of uncertain composition are formed 
by the reactions between alkali borates and 
solutions of ferric salts , borates of Fe and Na 
seem to be produced by ppg iron alum with 
alkali borates (Bose) 

Lead — PbB204 H20 , 2PbB204 H2B2O4 8H2O , 
PbB204 H2B2O4 8H2O (Herapath , v adso Bose) 
Double salts PbB204 Pb(NO,). HoO , 

PbB204 PbCl2 HjO (Herapath) 
Magnesium — Mg]3204 dHjO , 

MgB204 2H2B2O4 6H2O , MgB204 3H2B2O4 8H2O , 
MgBP4 6H2B2O4 IdHjO (Laurent, Bammelsberg) 
— MgB204 8H2O (Wohler) — Mg,(BO,)2(Ebelmen) 
Double salts 6MgO SXjO, 2B3O, (X«=Cr or 
Fe) (Ebelmen) Ditte describes various com- 
pounds of the form ®MgO j/CaO 

Nickel — N1B2O4 2H2O (Bose) also various 
vague basic salts 

Bubuitum — Bb2B40f (Beissig, A 127» 


Stiver — Ag2Ba04 HjO , SAg^O 4B2O, (Rose). 

Strontium — SrB204 , SrB402 , 88rO 2620* , 
2SrO 3B2O3 (Ditte) ~ 8SrB204 2H2BP4AH4O 
(Bose) — SrB204 H2B2O4 SH^O , 

SrB .64 3H2B4O4 SHjO (Laurent) 

Zinc — Very vague (v Bose) Buscher {A» 
161, 234) describes the double salt t 
ZnO 4NH3 2B2O3 6H2O 

[? Samarium borate — SmBO, (C16ve, Bl [2] 
43, 170 ] 

Fluoborio Acid, and Flooborates BjO, ap- 
pears to react as a feebly basic oxide towards the 
anhydrides of a few acids, e g SOg and PjO, {v 
Boron, oxide or, Beactions, Nos 6, 7) H3BO3 
dissolves in cone HFAq , by concentration, and 
cooling over H SO,, a thick syrup like liquid is 
obtained (SGI 584) containing H^B^O, and HP 
in the ratio H^B^O, 6HF This hqpid is gene- 
rally regarded as a definite acid, called fluo^ 
boric acid This liquid eVars organic matter 

hke H2SO4 The same liquid is obtained by 
saturating water with BF, and distilling (Gay 
Lussac a Th^nard, Becherches physico chi- 
migueSy 2, 88, Berzelius, P 68, 603, 69, 644) 
The liquid is decomposed by water into HBF4Aq 
and HJ32O4 {v Borofluorhydric acid, under 
Boron, fluoride or) If this liquid is neutral- 
ised by NaOHAq or KOHAq,and the solution is 
evaporated, the salts 6MF HgO (M^Na 

or K) are obtained (Berzelius) The same salts 
are also formed, when M = K by fusing KF with 
HJIO3, and when M = Na by crystallising mixed 
solutions of NaBgC)^ and N^ It is very doubt 
ful whether the so called fluobonc acid is a 
definite compound or not According toBasarow 
(C B 78, 1698) the liquid prepared as de 
scribed is decomposed by distillation , at 140° 
BFg IS given off, at 160° to 170° a thick, 
heavy, fuming liquid (SGI 77) comes over, 
at 176°-185° a less fuming liquid is produced, 
and as the temperature rises the distillate 
becomes lighter and fumes less in air The 
hea\y distillates are decomposed by water 
with separation of H^BOg The salts obtained 
by Berzehus are separated by crystallisation 
into MF, which crystallises out first, and a 
mixture of MF with MJB2O4 (Basarow) Solu 
tion of the so called acid reacts with AgNOjAq 
to give Ag2B204 and AgjO Basarow regards 
fluobonc acid as a mixture of HjBjO, with HBF, 
and HF Landolph (B 12, 1683) desenbes the 
bodies H4B20j SHF and H4B2O2 2HF , the first 
18 obtained m small quantities by the reaction 
between BF, and CaH,o, the second is one of 
the products of the action of BF, on hot anethol 
Both bodies are fummg, acid, hquids , they 
seem to be fairly stable , the first is unchanged 
by distillation 

Borotungstates Many compounds of the 
formscBjOj j/WO, £fMO (MO =* metallicoxide)have 
been obtained the acid BjO, OWOg 2H2O 18aq 
has been prepared The principal borotung 
states will be described under Tungsten as 
Tungstoborates 

Detection and Estimation of Boric Acid 
Free boric acid is detected by its action on 
turmeric paper, or by the green colour which it 
imparts to the flame of burning alcohol , borates 
do not give these reactions, therefore they must 
be decomposed by H3S04Aq before applying the 
alcohol test, or by HClAq before applying th« 
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liirmetio paper test There is no very satis 
factory method for estimating boric acid The 
most insoluble salt is KBP^ , it is obtained from 
boric acid or borates by adding excess of 
KOHAq, then evaporating with excess of HFAq, 
dissolving out sulphate, nitrate, (fee of K, by 
KC^HjO^q, washing with alcohol, and drying 
at 100^ Marignac [Fr 1, 405) evaporates tho 
solution of the borate with excess of NH4ClAq and 
MgCl^Aq, with various precautions, and finally 
obtains a mixture of MgO and Mg borage in 
which he then estimates the amount of MgO 
and BO gets the amount of bone acid [v also 
Ditte, C i? 80 490 a 661) As boric acid 
interferes with estimation of some other bodies, 
e g phosphoric acid, it is sometimes necessary 
to femove it , this may be done either by boiling 
with alcc4iol and H SO^Aq (EtgBOa goes off), or 
with HF and (BFj goes off) Rosen 

bladt {Fr 26, 18)^escribes a method based on 
the volatilisation of boric acid by distillation 
with methylic alcohol , the method gives good 
results {v also Gooch, C N 55, 7) 

Boron, oxychlorides of Two are known, 
BOCl and BOClj , neither exists as a gas , both 
are decomposed by heat BOCl is a white 
gelatinous solid, obtained by heating BjO, with 
BCI3, in the ratio B^Og 2BC1„ to 150^ , at a high 
temjjerature it is decomposed to BCI3 and B O, 
(Gustavson, Z 1870 621) BOCl, is described 
as a yellowish green liquid , it was obtained, 
along with BCl,, by passing Cl over a heated 
mixture of B^O, and C, removing Cl from the 
gaseous products by Cu turnings, condensing, 
and removing BCl, by evaporation (Councler, 
J pr [2] 18, 399) The conditions under which 
BOClj IS formed are not definitely known , 
Councler obtained the best result when relatively 
little carbon wa^used, and a fairly rapid stream 
of Cl was passed through the tube BOCl, is 
decomposed by heat into BC1„ BjOj, and Cl, 
and by water to H3BO3, HCl, and Cl No oxy 
chloride of B is formed by the action of ozone 
on BClj, or by passing electric sparks through a 
mixture of BClg and 0 (Michaelis a Becker, B 
14, 914) 

Boron, sulphide of BjS, Mol w unknown, 
as compound has not been gasified 

Formation — 1 By heating B in S vapour to 
white heat (Berzelius, P 2, 145) — 2 By gently 
heating Bin dry HjS (W6hler a Deville, A 105, 
72) 

Preparation — Small pellets are made by 
mixing powdered B^O, with soot and oil and 
heating out of contact with air, these are 
heated to full redness in a porcelain tube, in a 
stream of dry CSj , the tube is connected with 
two small flasks surrounded by snow and salt 
The BjS, collects on the surface of the condensed 
CS, , it is separated from C82 and dried in an 
atmosphere of H (Fremy, A Ch [3] 38, 312) 
B28, IS a white solid (with a yellowish tinge, 
Fremy), consisting of groups of small crystals , 
it smells strongly, and its vapour acts on the 
eyes , it is rapidly decomposed by moisture to 
B^O, and HgS , it may be melted m an atmo 
sphere of H, and volatiUsed in a current of ELS 
M M P M 

BOSON, OBOANIO DEBIVATI^TES OF 
Boron tri-methide 0 ^ V D 1 91 

(oalo 193) Promethyl borate and ZnMoy, thus. 


i 2B(OEt), + SZnMej - 2BMe, + 8Zn(OEt), (Prank- 
land, C J 15, 373) Pungent gas V si sol 
water, v sol alcohol and ether Takes fire m 
air, burning with a green flame Not affected 
by cone H2SO4 or by HI Combines with 
potash forming BMe,KOH Combines with 
ammonia forming BMejNH, [66®] (110®) Com- 
bines also with NaOH, CaO, and BaO 

Boron tri-ethide BEt, Mol w 98 (95®) 
SG ^ 696 VD 3 40 (calc 8 40) From 
BCl, or B(OEt)3 and ZnEtj (Frankland, Tr 
1862, 167 , Pr 25, 165) Pungent oil Takes 
fire in air Slowly decomposed by HCl, evolving 
CjH, Violently attacked by chlorine 

Combinations — 1 With ammonia it forms 
a liquid BEtgNHg — 2 By careful oxidation, 
first m air, then in oxygen, it forms an oxide 
BEtjOg, (125°) Water decomposes this oxide, 
forming ethyl boric acid, BEt(OH)2 Ethyl- 
bone acid IS crystalline, and may be sub 
limed , its solutions are acid, but it does 
not form salts A compound BEt(OEt)2B(OEt), 
(c 112°) appears to be formed by the action 
of ZnEtj (1 mol) on boric ether, it is decom 
posed by water into alcohol, BEt(OH)2 and 
B(0H)3 and by ZnEtg it is converted into 
BEt2(OEt) (103°), which absorbs oxygen, beoom 
mg BEt(OEt)2 Di ethyl boric ether, BEt2(OEt) 
IS saponified by water, and the acid absorbs 
oxygen, becoming crystalline BEt(OEt)(OH), 
which IS converted by water into ethyl bone acid 
BEt(OH)2 

Borou-phenyl-di-chloride CgH^BClg [about 
0°] (175°) Prepared by heating boron tri 

chlonde with mercury di phenyl at 200* 
(Michaelis a Becker, B 15, 180) Colourless 
fuming fluid By the action of water it gives 
phenyl bone acid, and by the action of alcohol, 
phenyl boric ether 

Boron -p tolyl - dichloride CgH4(CH,) BCl,. 
[27°] Colourless crystals Prepared by heat- 
ing boron tri chloride with mercury di-y> tolyl 
(Michaelis a Becker, B 15, 185) 

BOKO TARTAR EMETIC v Bobon, oxidk 
OF, Reactions, Ncf 10, also under Tabtbates 
BOBOTUNOSTATES Compounds of the 
form t/WO, ^MO(M=* metal), v. Txjnosto- 
BORATEs, under Tungsten 
BBASILEiN V Brazileih 
BRASS V Copper, Alloys of 
BRASSIC ACID C^^H^Oj [60®] Prepared 
by jjust melting its isomende, erucic acid, with 
dilute HNOj, and adding sodium nitrite 
Lammee (from alcohol) Combines with bromme. 
Potash fusion gives arachic acid 

Salts — NaA' laminas (from alcohol) 
Ethyl ether EiAf [30°J , (above 860®), 
glistening plates , obtained by ethenfymg the 
acid or by the action of nitrous acid upon ethyl 
eruoate 

Olycer%n-di-brassic ether C3H5(OH)A'j 
(dibrassidin) [66°] , crystals, si sol ether 
Formed from glycerin di erucic ether by nitrous 
acid 

Glycerin-tri brasstc ether CjHjA', 
TW6» assidin [47 °], after heating [36°], colourless 
orystalhne powder, v sol ether, nearly insoh 
alcohol Obtamed by the action of nitrous 
acid upon rape seed oil, and orystallisation 
of the solid product from ether 

Amide CONH| [90®], oolourlets 

mm2 
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naedlas , formed the action of NH, gas upon 
tlia anhydride 

Q.H^CONHPh {78°] 
Anhydride C0),0 [29®], glisten- 

ing tables, V sol ether and benzene, insol 
alcohol and water, formed by the action of 
PCI, upon brassic acid and subsequent addition 
of alcohol {Reimer a Will, B 19, d320, cf 
Wesky, J pr 58, 449 , Haussknecht, A 143, 40 , 
Fitz, B 4, 444 , Ooldschmiedt, Sitz B 74, 394) 
BEASSYLTC ACID Mol w 216 

[109®J Formed, together with its aldehyde and 
dioxybehenolic acid, by the action of fuming 
HNOj on behenolic acid (Haussknecht, A 143, 
45) Crystalline, v si sol cold water, v sol 
alcohol and ether 

Salts — CaA" 3aq — Ag.A" 

BRASSYLIC ALDEHYDE C„H oO, The 
chief product of the action of fuming HNO, on 
behenolic acid (y supra) Oil, lighter than 
water, volatile with steam Sol NaOHAq and 
reppd by HCl Oxidised by bromine to brasaylio 
acid 

BRAZIlEiN C.eH.AHjO 
Formation — By the oxidation of brazilin by 
air in presence of alkalis or in ethereal solution 
by HNO, (Reim, B 4, 334 , E Kopp, B 6, 446 , 
Liebermann a Burg, B 9, 1883, Buchka a 
Erck, B 18, 1142) 

Preparation — Extract of Brazil wood is dis 
solved in hot water and, after cooling, NH, in slight 
excess is added The solution is exposed to air, 
when a pp is formed which is crystallised from 
hot dilute acetic acid (Hummel a A G Perkin, 
C J 41. 373) 

Properties — Minute crystals with grey lustre 
Heddish brown when powdered Very slightly 
soluble in cold water, more so in hot water The 
solution IS yellowish pink with greenish orange 
Auorescence Alkaline solutions are carmine 
red, but slowly turn brown in air 

Reactions — 1 If hot glacial acetic acid be 
slowly added to a solution m cold cone H,SO„ 
minute orange needles of isq hrazilem sulphate^ 
j,xi,,i7^di>,SO,H, are got Its alkaline solutions 
are canAxuine red quickly turning brown in air 
Alcohol W, turns iso brazilein sulphate scarlet, 
forming tnyme basic salt C„H, 20,2(0, SO, H) 

2 Cone Hc^ri at 100° forms C,bH,, 0,C1 Minute 
red prisms w^chith violet lustre, called iso brazilem 
chlorhydnn vf Its aqueous solution is orange — 
8 HBr at lO^iO® forms, similarly, C„H,,0,Br 
Brazilem resem?erbles hjematein (q t; ) in these 
Teactions od 

BBAZILIK C,eK®^,<0, Occurs in Brazil wood 
(the wood of Ccesalp^^mta crispa) and m Sapan- 
wood (from Ccesalpinw % Sapan) (ChevreuI, A Ch 
66, 226 , E Kopp, B 447 , BoUey, J pr 93, 

461) ^ 

Preparation — The da^i^k browmsh red crusts 
deposited during the prepaM ration and storage of 
commercial extract of Bra%Wil wood consist of 
brazilin and its hme compAound The crusts 
are washed with dilute (5 p ^ gcj ^nd then 
extracted with very dilute (12 c ) alcohol 

Properties — Colourless crysU tals (contammg 
aq) SoL water, alcohol, and'y ether Turns 
orange m oir Forms a camit solution in 
aqueous NsOH m air , ^s soluUo^*,! jg bleached 
by suso-dost, bat re-oxidued to bra^ by air 


Aqueous solutiohs are also turned red by NH« 
or baryta when exposed to air 

Reactions —1 Resorcin is among the pro- 
ducts of its dry distillation — 2 KOlO, and 
HCl give ISO tn chloro glyceno acid (Benedikt, 
A 178, 100) 

Salt — PbA"aq small colourless needlos 
Tri acetyl derivative C„H,,( 0 Ac )302 * 
[106®] , slender colourless needles 

Tetra acetyl dcrivuizrc C„H,o(OAc)^0 
[151®] , glistening needles (Buchka a Erck, B 
18, 1138) 

BREIDIH V Abbol a bbea. 

BRIMSTONE v Sulphur 
BRIfANNIA METAL v Tin, alloys oi 
BRITISH GUM v Dextrin 
BROMAL V Bromo acetic aldehyde 
BROMAUDE C.H^Br^O, % e 

CBr, CH<^^^^>CH CSr, Tn hromo-ethyU 

tdene tn bromo lactate [158®] Formed by 
heating bromal hydrate with H^SO, , or by warm- 
ing a mixture of bromal and tn bromo lactic 
acid (Wallach, -4 193,1, Wallach a Reinecke, 
B 10, 2128) Monoclmic crystals, msol water, 
sol ether Decomposed by alcohoL 

BROMANIL IS Tetra bromo quinone (q v ) 
BR0MATE3 AND PE RBROMATES -Salts 
of bromic and perbromio acids , v BrcAiinb, 

OXYACID8 OF 

BEOMHYDRIC ACID HBr {Hydrobromio 
acid Hydiogen bromide) Mol w 80 75 [ — 73°] 
(-09 ) (laraday, T 1823 189) V D 39 1 
S (-25® to 0° at 760 mm) about 690, S (-25® 
to 0®at 2 mm ) about 345 (Roozeboom, BTC 
4, 102) H F [H,Br] = 8,440, LH,Br,Aq] - 
28,376 , [H,BrAq] « 27,837 {Th 2, 29) 

A — 1 

l-^xAt wt*20 6 (Gladstone, T 1870 9) 

H and Br do not combine at ordmary tempera- 
tures even m direct sunlight 

Formation — 1 By burning H charged with 
Br vapour —2 By passing a mixture of H and 
Br over hot Pt , for details of method v Harding, 
B 14, 2085 — 3 By the action of electric sparks 
on H and Br — 4 By the action of Br on H^, 
muie quickly in presence of oxidisable bodies 
such as P, S, As, or lower oxides of these 
elements — 5 By passmg HjO and Br through 
a hot tube (Bourson, C B 13, 1154) — 6 
By passing H^S into Br and H^O (Naumann, 
B 9, 1577) — 7 By passing HI into Br (Haute 
feuille, C B 64, 705) — 8 By the mutual action 
of Na280, (M^ne, C B 28, 478), or Na,S20, 
(Gladstone, P M [8] 36, 845), Br, and H^O , 
(NaxSOjAq + H^O + Brj =» NajSO^Aq + 
2HBrAq Na^S^OjAq + HjO + Br,- 
Na2SO,Aq-rS-i-2HBrAq) 

9 By leading Br into melted paraffin at 185® 
(Champion a Pellet, C R 70, 020) 

Preparation —1 When small quantities are 
required, HBr may be prepared by the action of P 
and Br on HjO { 4 H 2 O + P + 5Br «* HjPO^ + 6HBr) 
A glass tube is bent 8 times at about a right 
angle , a little Br is placed in one bend and a 
few pieces of P in the other, pieces of glass 
moistened with a very little water are placed in 
the hmb of the tube above the P , a cork with 
delivery tube is fitted into the open end of ih^ 
tube tbofe the glaes, and the other end of the 
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ttkbe ia closed by a cork The Br is then oetv 
gently warmed , the reaction occurs when the £r 
vapour reaches the moibt P, and the HBr passes 
off through the delivery tube —2 When larger 
quantities of HBr are required it is advisable to 
use amorphous P In a flask fitted with a cork 
carrying an exit tube and a small stoppered 
separatinf funnel, is placed 1 part amorphous 
P mixed with some dry sand, the P is moistened 
and then covered with a layer of dry sand 
(Lmnemann, A 161, 198 note) , the exit tube is 
connected with a (J tube nearly filled with glass 
beads moistened with cone HBrAq and pieces 
of ordinary P (any Br which may come over is 
converted into HBr in this tube) , this is 
followed by a drying tube containing CaClj or 
P^Oj, and from this a delivery tube passes into a 
dry cyhnder filled with dry Hg standing in a 
Hg trough Ten parts of Br are placed m the 
separating funnel and allowed to drop slowly 
into the flask , HTir it evolved Towards the 
close of the operation the flask is gently warmed 
If it 18 desired to prepare an aqueous solution 
of HBr, the (J tube is fitted with an exit tube 
passing into the tubulus of a retort placed 
vertically and arranged so that the beak dips a 
little way under the surface of water in a bottle , 
should the flow of HBr slacken, the water rises 
into the body of the retort but cannot flow back 
into the generating vessel —3 By the action of 
con ^jPO^Aq on KBr , 1 part KBr, 1 part 
HjPO^, and 3 parts HjO being used (Bertrand, 
C i? 82, 96) — 4 By decomposing the bromide 
of an alkaline earth metal by H SO,Aq , Ber 
trand {I c) employs two parts CaBr , 2 parts 
cone HjbOj and 1 part HjO If an alkali 
bromide is used, the ELBr contains much Br and 
some SOj — 5 An aqueous solution of HBr may be 
obtained by slowly adding P in small pieces to 
Br mixed with a considerable quantity of water 
in a vessel surrfiunded by ice, then adding a 
little more Br and then a few pieces of P (re 
peating if a strong solution is required), and 
distilling from H,PO<Aq {v TopsSe, B 3, 400J 
Properties — HBr is a colourless gas, with 
pungent, acid, very irritating, odour , excites 
inflammation when applied to the skin , fumes 
in moist air , dissolves very largely in water , 
(v infra) is absorbed by, and melts, ice , at — 73° 
liquefies, and then crystallises Melsens (C R 
77, 781) obtained liquid HBr by saturating wood 
charcoal with the gas (15,500 gram units of 
heat are produced for every 81 grams HBr 
absorbed, Favre, A Ch. [6] 1, 209), placing the 
charcoal in one end of a closed glass tube bent 
to an obtuse angle, the other end of which was 
well cooled, and heating the charcoal m a water 
bath An aqueous solution of HBr forms a 
colourless, strongly acid liquid , the affinity is a 
very little less than that of HClAq v Affinity 
T he cone solution fumes m, but is not de- 
composed by exposure to, air S G of solution 
saturated at 0° - 1 78 , 1 c c contains 1 46 
grams HBr ( » 82 02 p o HBr by weight) which 
almost agrees with the composition calculated 
from the formula HBr H,0 (Bineau, A 44, 287) 
Boozeboom (R T C 5, 868) has obtained 
the hydrate HBr H,0 as a solid at low 
temperatures and under a pressure of 8 atmos. 
If eono. HBrAq is distilled at 760 mm pressure 
HBr ii evolved, if HBrAq oontaming less 


than 47 pc HBr is distOled at 760 mm. 
H,0 IS evolved, m each case the B P 
becomes constant at 126° and the solution 
contains 47 88 ~ 47 86 p o HBr , the composition 
of this liquid IS almost exactly that expressed 
by the formula HBr 6H3O (V D « 14 1 agreeing 
with V D calculated for HBr + 6H2O) , but it 
IS not probable that the liquid consists of a true 
hydrate, as the composition vanes with the 
pressure , thus if the pressure is 1,952 mm the 
constant B P is 158° and the liquid contains 
46 3 pc HBr (v Koscoe, A 116,203) If dry 
air is passed through ^TOrAq at a constant 
temperature, either HBr or H 0 is removed, and 
the composition becomes constant, at 16° the 
liquid finally contains 61 65, and at 100° 49 35, 
p c HBr (Roscoe, Ic) The S G and p c 
composition of HBrAq are given in the following 
tables (Topsbe, B 3, 404 , Wright, 0 N 23, 


242) 

Temp 

SG 

Pc HBr 

Temp 

8G 

Po HBr, 

140 

1055 

7 67 

13° 

1302 

83 84 

14 

1076 

10 19 

13 

1836 

86 67 

14 

1089 

11 94 

13 

1349 

87 86 

14 

1097 

12 96 

13 

1 368 

89 18 

14 

1118 

15 37 

13 

1419 

43 12 

14 

1131 

16 92 

13 

1431 

43 99 

14 

1 164 

20 65 

13 

1438 

44 62 

13 

1200 

24 36 

14 

1461 

45 45 

13 

1232 

27 62 

13 

1460 

46 09 

13 

1253 

29 68 

14 

1 485 

47 87 




14 

1490 

48 17 


SG Temp 16° (Wright) P c HBr 
1 080 10 4 

1 190 23 5 

1 248 80 0 

1 385 40 8 

1 475 48 6 

1 616 49 8 

Reactions — 1 Not decomposed by heat alone, 
even at 700° (HautefeuiUe, C R 64, 705) 

2 Decomposed by heating with many metale^ 
e g K,Na, Na amalgam, Sn, with formation 
of metallic bromide and H — 3 Chlonn^ forms 
HCl and Br — 4, Cone mine or sulphuric acid 
forms Br, H^O, aiffi NO^ or SO,. — 5 Lead or 
silver oxide forms metalho bromide and H^O 
at ordinary temperatures , most of the other 
metallic oxides decompose HBr m a similar 
way on warmmg — 6 Metallic peroxides^ and 
acids containing metals (e g HSbO,), form 
metallic bromides and Br — 7 Agueous solution 
of HBr IS decomposed by most metals with 
formation of met^lio bromide and H , most 
metallic oxides dissolve m HBrAq forming 
bromides The heat of neutralisation of HBrAq 
by MOHAq or M(OH)Aq, when M» an alkali 
or alkaline earth metal, is the same as the heat 
of neutralisation of HClAq, viz 13,760 , but the 
quantity of heat produced by the action of HBrAq 
on the hydrated oxides of Ft and An, and on 
HgO, 18 much greater than the quantity of 
heat produced by the action of HClAq on the 
same compounds , the differences ar« 
for AuOtH, 13,610 
„ PtO^H, 11,890 
nPtOA 16,800 
HgO 12,290. 

The action of HBrAq on these hydrated oxides 
IS very different frem the aotion of mom 
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acid OB the hydrated oxides of E, Ca, Mg, , 
in the former oases there is little doubt that 
acids of the form H^tBr^, H^PtBr,, 

and HAuBr^ are formed in the eolations (v 
Thomsen, Th 3, 538) Many double bromides 
of Au, Hg, and Pt— e q PtBr^ 2KBr — are rather 
to be regarded as alkali salts of these acids 
than as double salts {v Th 3, 417 , also 
Gold, Mebouby, Palladium, Platinum) — 8 
KBrAq is decomposed by bromic acid solution , 

HBrO,Aq + 5IIBrAq = 3H,OAq + 6BrAq — 

9 Cone sulphuric acid heated with HBrAq 
forms HjO, SOj, and Br, dilute H^bO^Aq does 
not decompose HBrAq at ordinary temperatures 

10 Chlorine sets free Br from HBrAq — 11 
HBrAq is partly decomposed by potassium 
permanganate solution in the cold, quickly and 
completely on heating — 12 By electrolysis of 
HBrAq, HBrOjAq is produced (Riche, C li 46, 
348) — 13 Bromine dissolves in HBrAq forming 
a dark coloured liquid 

Combinations — 1 With ammonia and phos 
phine, Ogier (C B 89, 705) gives the thermal 
data, [NH»,HBr] = 45,600, [PH»,HBr] = 23,000 , 
using gaseous constituents and forming solid 
MHjBr — 2 With water piobably to form the hy 
drate HBr H^O {v Properties) The heats of solu- 
tion and dilution of HBr have been measured by 
Thomsen {Th 3, 13 and 72) , the results indi 
cate the existence in the solution of the hydiatf* 
HBr H^O, but do not suggest the formation of 
any other definite hydrate on dilution The 
heat of dilution appears to be a continuous 
hyperbolic function of the quantity of water 
added, provided the composition of the acid to 
start with is HBr H 0 , the results cannot, 
however, be expressed by quite so simple a 
formula, involving a single constant, as is 
applicable in the case of chlorhydnc acid {q v ) 
It 18 quite possible that the reactions of HBrAq 
are the reactions of the acid HBr H O (? ~ 
HjBr OH), and that HBr itself is not an acid 
(v Presidential Address to Section B by Prof 
Armstrong, B A Meeting, 1885) Berthelot 
(Bl [2] 19, 365, C B 04, 414 , 66, 742) thinks 
that HBrAq contains a nupiber of hydrates, 
some partially dissociated, and also the com 
pound HBr [v Culobhydbic acid) Roozeboom 
(R T G 4, 108, 331 , 5, 351, 363 , also Van’t 
Hoff, ibid 4, 414) has determined the relations 
between vapour pressure and temperature of 
Bolutions of hydrated HBr M M P M 

BBOMIO ACID HBrO, v Bbomins, oxy- 

ACIDS OF 

BBOMIBEB Binary compounds of Br with 
more positive elements ic with any element 
except F, Cl, or O Br forms binary compounds 
■with most of the elements The greater number 
may be produced by direct combination The 
formation of metallic bromides is usually 
aocompamed with production of much heat, 
thus, [K^ Br*] « 190,620 , [Ca, Br*] - 140,850 , 
[Zn, Br] « 76,930, [Hg, Br*] - 50,660, 
[Au, Br*] « 6,850 (Liquid Br was used.) Borne 
metallio bromides are formed by the action of 
Br on the oxides, AgBr by Br on Ag^O 
Alkalis and alkalme earths in ai^ueoas solutions 
are decomposed by Br, giving bromides and 
bromates, certain metalhe s^ts, m aqneons 
ioJutions, form bromides and peroxides ^ $g 
•l^t# of Mn« Ni, Qo, and Pb, klataUio loihdes 


are decomposed wholly or in part by Br, giving 
metallic bromides and free 1 Many metallio 
chlorides are partly decomposed when heated in 
closed tubes to about 300° with equivalent 
quantities of Br, after a time equilibnum is 
established in the system consisting of chloride, 
bromide. Cl, and Br , this equilibrium is not 
overthrown by increasing the mass c|* Br, the 
temperature, or the time (Potilitzin, D 14, 1044 , 
15, 918, 16, 3051) Metallic bromides are 

usually formed by the action of HBrAq on the 
oxides (corap Bromhydric Acid , Reactions, 
No 7) Most metallic bromides are white , they 
are generally isomorphous with the corresponding 
chlorides , most of them are not decomposed by 
heat alone, but some, e g those of Au and Ft, 
give up all then Br when heated Some metallic 
bromides are decomposed by Hp, e g tho^ of 
Bl and Sb , others are decomposed when their 
aqueous solutions are evaporated, eg AlBr,, 
most are decomposed 6v ^eating in air m 
presence of steam Metallic bromides are decom- 
posed by certain peroxides and oxidising agents, 
eg MnOa, K,Mnp,Aq, Kprp,Aq, HNO.Aq, 
with separation of Br , cone HpO,Aq sets free 
a little HBr, but decomposes most of the 
bromides to sulphate and Br with simultaneous 
formation of SO^ , HCl and HClAq form HBr 
and metallic chloride When a metallic bromide 
is heated with solid KjCrp, and cone H SO,, 
free Br is obtained (distinction from chlorMes) 
Aqueous solutions of alkali bromides dissolve 
large quantities of Br, probably with formation 
of perbromides m solution, Berthelot (C R 
91, 195 and 706) gives the numbers (using 
gaseous Br) [KBr\q, Br*] = 11,500 Aqueous 
solutions of alkali, alkaline earth, and magnesian 
bromides partly decompose AgCl when the salts 
are shaken together for a few minutes at the 
ordinary temperatuie, the percentage of AgBr 
foimed varies from 95 when LtBrAq is used, to 
84 8 when CdBr^q is employed (Potilitzin, B 
18, 1522) The binary compounds of Br with 
the non medals are fairly stable bodies , they are 
usually produced by direct combination 
Bromides of B, P, C, and Si are stable as gases 
Br forms definite, stable, compounds only with 
the more metallic and positive members of the 
oxygen group of elements , bromides of Te are 
gasifaable, be^jBrg is faiily stable, but is decom 
posed by heat, S^Brj is a feebly marked body, 
and no oxide of Br is known Bromide of 
iodine IS a fairly well marked compound, 
[I, Br] « 2,600 (Berthelot, C R 90, 841 , using 
liquid Br and solid I) Bromine chloride is very 
easily decomposed, and no compound of Br and 
F 18 definitely known If N bromide exists it is 
extremely unstable also Halogen Elements, 
BINARY COMPOUNDS OF for the individual 
bromides v the articles on the various elements ) 

M M P M 

BBOMIBES, OBCIANIC v Bromine, oboanio 

COMPOUNDS OF 

BBOMINE Br At w 79 75 Mol w. 
169 50 [-24 6°] (Baumhauer, B 4, 927), [-7 2°] 
(Philipp, B 12> 1424 , according to Philipp, th« 
lower M P was due to presence of Cl) 
[^7 06°] (Ramsay a Young, C J 49, 468); 
(es*^) (Pierre, A Ch [8] 20, 6) , (69 27°) (Thorpe, 
C J 61 , 112 ), (68 7°) (Ramsay a Young, I c). 
S Q S 3 1872 (Pierre, Ic), £ 3 18828 (X'horpe. 
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). S G »t B P 2 9822 (Thorpe, V D 
80 (v p 686, Properties) 8 H (solid — 78® to 
-20°) 08482 (Regnault, A Ch [3] 26, 286) 

S H (liquid 13® to 46°) 1071 (Andrews, 0/1, 
18) 8 H p (equal mass of HjO =• 1) (83°-228°) 

05662 (Regnault, Acad 26, 1) S H v (equal 
mass 01 HjO = 1) 0429 , (equal volume of air 
■» 1) 1 896| (Clausius, Meehan Warmetheone, 1, 

62 [1876]) .5iLL (20°-388°) 1 293 (Strecker, 

B H V 

W 13, 20 , experimentally determined) Ex- 
pansion (0° to B P ) V = 

1+ 00106218/+ 00000187714/"- 0000000030863/" 
(Thorpe, Ic) S (6°) 3 68, (10°) 8 327, (16°) 

3 22b, (20°) 8 208, (25°) 3 167, (30°) 3126, 
(Dancer, C J 15, 477) Heat of fusion « 
16,185, Regnault {A Ch [3] 26, 268) 

X At vft - 16 23 (Gladstone, T 1870 9) 

Emission spectrum , marked lines are 3980, 
6356, and lines l^iiAing with 6999 (Salet, 
A Ch [4] 28, 20) Absorption spectrum charac 
tensed by many bands between 6801 5 in the red 
and 5244 1 in the green (Roscoe a Thorpe, T 
1877 207) 

Bromine was discovered by Balard in 1826 
(B J 7, 102) , it was previously obtained by 
Jjiebig< but supposed by him to be iodine chloride 
(v Hofman’s Li/e Work of Lietng) , and by 
Joss, but regarded by him as selenion (/ pr 

1, 12d) 

Occurrence — Never free, widely distributed, 
but not in large quantities, chiefly m combma 
tion with K, Na, and Mg In sea water (for 
quantities, v Berglund, JB 18, 2888), sea weed, 
saline springs, and many marine plants and 
animals (Kindt a Wbhler, P 10, 609 , Stroh 
meyer, S 49, 249, Hembstadt, B J 7,110) 
According to Marohand (C R 31, 495) all 
waters, includmg ram and snow, contain traces 
of bromides 111 vanous minerals, chiefly as 
AgBr in Mexico and Chih (Berthier, A Ch 77, 
417 , 79, 164) , in minute quantities in Silesian 
Einc ores (Hollunder, JB J 8, 82) , in Chili salt 
petre (Gruneberg, J pr 60, 172) , &c , &c 

Preparation —The starting point is the con 
centrated liquor of certain saline sprmgs, the 
residual liquor obtained in working the salt 
deposits at Stassfurt, or the solution of the ash 
of sea plants The liquid is freed from the less 
soluble salts, chiefly chlorides and sulphates, 
by concentration and crystiP.llisation» 

MnOj and HClAq, and distilled The quantities 
of the reacting materials are arranged so that 
there is always an excess of bromide, in order 
to prevent formation of bromine chloride 
{v Mohr, A 22, 66) In some cases the con 
oentrated hquor is heated with HjSO^Aq sul- 
phates are then removed by crystallisation, and 
the mother liquor is distilled with MnOj and 
HjSO^Aq (u Herrmann, P 13, 175 , 14, 613) 
The Br is condensed in water and converted 
into NaBr and NaBrO, by treatment with 
NaOHAq, the liquid is evaporated to dryness, 
the residue heated to decompose NaBrO,, and 
the NaBr i« decomposed by pure MnO, and 
HjSO^Aq Iodine may be removed from the 
ongmaluquor before deoomposmg by MnO, and 
acid, by the action of Cl, or by ppg as Co,!, 
(BussT, B J 18, 117, Balard, B J 7, 102) 
Ghloiwe may bt rvmoved by decomposing the 


distillate from the first aotion of MnO^ and acid 
by BaOAq, evaporating to dryness and heating, 
dissolving out BaBr, in alcohol, filtermg from 
insoluble BaCl,, evaporatmg to dryness, and de- 
oomposmg by MnO, and HjSOiAq (Pina, B J 
19, 277) Adrian (/ 1870 248) removes Cl by 
washing the distillate with water and small 
successive quantities of ether , he then digests 
with starch paste to remove I, and again distils* 
Stas {Fr 25, 213) frees from I and 01 by dis- 
solving in KBrAq, adding ZnO and distillmg 
Cyanogen is occasionally found m samples of 
Br, it may be detected by conversion mto 
K 3 Fe(CN)„ by digesting with iron fihngs, and 
rapidly filtermg (Phipson, C N 28, 61) Bromo- 
form 18 another impurity , it is detected by its 
odour, after addition of KIAq sufficient to con- 
vert all the Br mto KBr, and removal of the I 
by the action of NajS^sAq (Reymann, B 8, 
790) Bromine is prepared from laboratory 
residues containing Br compounds by making 
alkaline with KOHAq, and distillation with solid 
K^Cr^O, and excess of H^SO^Aq (2 parts strong 
acid to 1 part water by weight) added gradually 
through a funnel tube (Bolas a Groves, C /* 
[2] 9, 784) To prepare pure Br for atomic 
weight determination, Stas removed I from com- 
mercial KBr by dissolving in water, addmg 
BrAq to ^ of the liquid till the I which at first 
separated redissolved forming a clear orange- 
yellow coloured liquid, addmg the other f of 
the liquid and shaking repeatedly with pure 
CS, The liquid was then warmed to remove 
all CS, , the KBr was oxidised to KBrO, by the 
action of Cl m presence of pure KOHAq (for 
details V Stas, Nouv R 159 , or pp 159-160 of 
Aronstem’s German translation Untersuchungen 
ilber die Oesetee der chem Proportton&n, Ac ) , 
the KBrO, was purified by repeated crystallisa- 
tion, and a part of it was converted back to 
KBr by heating m a porcelain vessel m small 
successive quantities By decomposing a mix- 
ture of KBr and KBrO, (in the ratio 5KBr KBrO,) 
with pure H 2 S 04 Aq, Br was obtained A por 
tion of this Br was then digested with milk of 
hme and NHjAq, whereby CaBryA^q was obtained , 
this liquid was saturated with another portion 
of the purified Br , water was added to pp Br , 
the ppd Br was separated, and digested several 
times with pure dry CaBr, (prepared by the 
action of part of the purified Br on OaO) , the 
Br was then shaken m contact with pure P,0„ 
then allowed to remain in contact for 12 hours 
with pure BaO which had been strongly heated^ 
and fmaUy poured off and distilled All opera 
tions were conducted in apparatus made wholly 
of glass 

Properties — At ordinary temperatures a 
dark brown red volatile liquid with most im 
tatmg odour {fipStjjLos a. stench) , m thick layers 
almost black , vapour is yellowish red, and 
becomes less transparent as temperature la 
increased (v Andrews, B A 1871 (Sec ) 66) , 
Solidifies to a gi'ey brown crystalline mass with 
semi metallic lustre Very poisonous Vapour 
acts on mucous membrane and causes violent 
irntfttion Non conductor of electncity , but 
an aqueous solution of Br is a better conductor 
than pure water (such a solution contains soma 
HBr) (Balard, A Ck [2] 32, 871, Da la Riv^ 
B* 88 ; Belly, A, 20j 124). BtSsoiV«r 
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•paringly in water {v tupra ) , solutions of x iated on the assumption that S x 79'75 « 159 50 
parts Br by weight m 1,000 parts H^O have parts by weight of Br occupy 2 volumes, is 5 ol 
following S G (Slessor, J 1868 100) — At very high temperatures ^approximately 

X SO ir SG X SO 1670®) the SG IS less than tne calculated, 

10 7 1 009 12 3 1 0122 20 9 1 018 Meyer a Zublin {B 18, 405) obtained values lying 

11 7 1 0093 18 7 1 0149 81-31 7 1 0236 between those calculated from the formulae Br, 

12 0 1 0099 19 5 1 0158 and f Brj , when the Br was obtained by decom 

Solution in water is attended with production of posing PtBr, at high temperatures f^he S Q at 
heat [Br^Aq]- 1080 2,251 , solution 18 pale 1570° nearly agreed with that calculated for 

orange yellow Dissolves more readily in alco §Br, (3 66) The SG of Br vapour diluted 
hoi, and m all proportions in ether, CSj, and v?ith 10 volumes air, at 50® under the B P of Br, 
CHCl, , solution 18 accompanied by chemical was determined by Danger a Meyer to be 6 52 
change, soluble also in cone aqueous solutions (7? 15, 2769) Jahn’s determinations {B 16, 
of KBr and many other metallic bromides, fre- 1238) show that bromine does not attain the 
quently with formation of perbromides , also in S G calculated for Brj until it is heated about 
cono HClAq and HBrAq, and in liquid SO, IbO® above its B P , the deviations are small , 
(Sestim, Z 1868 718) Br is absorbed by wood the S G at any temperature up to about 220® 
charcoal with considerable rise of temperature may be approximately found by the formula 
(Melsens, C B 77,781) In presence of H^O, SG where a = 6 8691 and 6*»— 00153 

acts as a bleacher and disinfectant (For S G of Cl and I gases v these elements, 

The atomic weight of Br has been determined v also Halogen ElemeIjts^ 

(1) by analyses, and determinations of V D , of Reactions —1 Br dissolves in water with 
many gaseous compounds, e g BrH, Br^Cd, BrjB, production of heat [Br , Aq] — 1080 (TA [2] 26) , 
Br,bn, &c , (2) by determination of S H of the water is slowly decomposed, more quickly 
solid Br, (3) by comparison of bromides Ac in direct sunlight, with formation of HBr and O 
with isomorphous chlorides and iodides Ac , Bromine water, therefore, acts as an oxidiser , 
(4) by syntheses of AgBr by Marignac {B J ^ Q HNOjAq is oxidised to HNOsAq (Schonbein, 
24,193), by syntheses of AgBr by fetas (JAntu J 67, 144), Mn(C^,02)jAq to MnO, 

B 168, 171) , by reduction of AgBrO, by Stas (Kammerer, B 4, 218) , sugar, mannite, 
{Nouv R 199) , by conversion of KBr to AgBr benzene, Ac , Ac , to various oxidised derivatives 
by Stas {Ic 303), by conversion of AgBr to (Blomstrand, A 123,248) If NO is led ifito Br 
AgCl by Dumas (A Ch [3] 55, 162) In gaseous cooled below 0® the gas is absorbed, and on 
molecules containing Br the atom of Br is adding water HBr and higher oxides of N are 
monovalent Br acts as a strongly negative formed (Landolt, A 116, 177) — 2 Steam mixed 
non metallic element , it combines directly with with Br and passed through a red hot tube 
mtost metals forming salts , its compounds with yields HBr and 0 —8 Hydrogen peroxide 
non metals one of which is H are acids The evolves O, and HBr is formed (bcbonbein, A 
kubstitution of H by Br in carbon acids seems to 108, 169) — 4 Aqueous solutions of jyotash or 
increase the relative athnity of the acids soda are decomposed by Br formmg KBrAq (or 
(v Affinity, p 83), generally speaking, the NaBrAq) and KBrOsAq (or NaBrO,Aq) CaO and 
introduction of Br in place of H in carbon BaO form bromides and 0 — 6 Aqueous ammonia 
compounds is accompanied by the production of yields NH^BrAq and N — 6 Urea is decomposed 
more or less acidic propel ties by BrAq with evolution of N — 7 Hydrwdic 

In its chemical relations Br stands between acid and iodides in solutions are decomposed by 
Cl and I , the heat of formation, m solution of Br with formation of HBrAq, or MBrAq, and 
a metallic bromide is usually about n 11,000 I —8 Sulphuretted hydrogen yields HBr, and 8 
gram-units less than that of the chloride, and which partly combines to form S^Br* , this 
about n 26,000 gram units more than that of decomposition proceeds either in presence or 
the iodide, of the same metal, where n is a absence of water (Naumann, B 9, 1674) — 9 In 
whole number, usually 1, 2, 3, or 4 , metalho contact with excess of silver nitrate solution^ 
bromides are wholly or partly decomposed by AgBr and HBrOAq are produced (^Spiller, J 
Cl, and metallic iodides by Br, metallic chlorides 1869 67) — 10 With carbon disulphide, crystal- 
are partially decomposed by Br (u Reactions, hne CjSiiBr, is formed (Hell a Urech,B 16,987) 
No The relative aflimties of the acids 11 Carbon compounds are usually acted on by 

HCl, HBr, and HI m aqueous solution are, Br , sometimes H is withdrawn, sometimes this 
however, nearly the same {v ArriMTY, p 77) is accompanied by substitution of Br, and some 
In its compounds, Br appears to be positive to times more complete decomposition results — 
Cl, F, and 0 No oxide of Br is at present 12 Br partly decomposes me iaZiic cAZondes when 
linown , the oxyacids of Br exist only in pre- heated in equivalent quantities to 270°~300° , if 
eence of water, they are much less stable than the mass of Br is increased, the amount of 
the oxyacids of iodine one of the oxyacids of decomposition increases up to a limit which is 
Cl (HCIOJ has been obtamed in separate and not passed by increasing the mass of Br, the 
definite forms, although it is an extremely un- temperature, or the time of action (Potilitzin, B 
•table compound , oxides of Cl are known as 14, 1044 , 16, 918 , 16, 8051) According to 
gases, and an oxide of I (LjOJ exists as a solid Humpidge (B 17, 1838) AgCl is partly decom- 
Dody No oxide or oxyacid of F is known {v posed by contact with water and an equivalent 
Bbomxdbs, Halogen Elehents, and Halogen quantity of Br, thus 6 2p o Cl was removed 
Elbubntb, binaby coupounds of) from AgCl after 24 hours^ action at 11®, and 

The 8 G of Br gas at 99^ was found by 14 68 p c after 12 hours’ action at 44® 
Mitsoherhch to be 6 54 (air«l) and by Meyer Oomhmations — 1 With water at 4® forming 
at Zfiblm to be 5 88 at 100®, the 8.G^ oalcu- wd ootahedral orystaU of Br.lOHaO which arq 
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ddoomposed to Br and H^O at 15** (Ldwig, P 
14, 114, 16, 875) For dissociation-pressures 
f» Boozeboom {R T C 65) —2 Combines 
directly with most of the elements^ especially 
the metals, often with production of much heat 
and sometimes light (v Bromides) Does not 
combine directly with C or O According to 
Merz a V4eith {B 6, 1518) dry Br and Na 
do not combine even at 200^ Combines with 
liquid Cl at —90° (Donny a Mareska, C R 20, 
817) No oxide of Br is at present known 

Detection — The physical properties of Br 
enable this body to be easily detected when 
nncombined Bromides are decomposed by 
ClAq, giving Br and chlonde of the metal 
Solution of NjOg m cone H^SO^Aq does not 
decompose bromides, but does decompose iodides 
with production of I , on this reaction is based 
a method for detecting bromides in presence of 
iodides Solid bromides are decomposed by 
heating with K^Cr^^ and cone H^SO^Aq, with 
formation of Br , chlorides yield CrO^Cl^ 

Estimation — Free Br may be estimated 
volumetrically by measuring the I set free by 
it from KIAq, or by finding the mass of As^O, 
which it oxidises to As^O^ in an alkaline so 
lution , Br may also be combined with H to 
form HBrAq, by treatment with H S, or SO , m 
aqueous solutions , the HBr may then be esti 
mated^ by ppg with AgNOgAq Br in bromides 
13 usually estimated as AgBr, ppn being ac 
complished by addition of AgNOgAq , insoluble 
bromides may be fused with Na^CO,, dissolved 
and acidulated with HNOgAq In presence of 
chlorides, or iodides, Br in bromides must be 
determined by indirect methods {v Manuals of 
Analysis) 

Bromine, Chloride of BrCl Mol w un 
known Chlorine is absorbed by Br with 
formation of a red yellow, mobile, very volatile, 
liquid, which gfves off a dark yellow, very 
irritating, vapour with strong bleaching pro 
perties , many metals burn in this vapour to 
chloride and bromide (Balard, A Ch [2] 
82, 371) If the Br is cooled to 0° the liquid 
finally contains Br and Cl in the proportion 
BrCl , at ordinary temperatures less Cl than is 
required by the composition BrCl is absorbed 
(Bornemann, A 189, 183) At temperatures 
above + 10° the compound BrCl decomposes 
With evolution of Cl By adding a little HjO 
to BrCl, and cooling to 0°, yellow brown crystals 
of BrCl lOH 0 separate (Bornemann, Ic) , these 
melt at 7° and are decomposed by NH, to N, 
NH^Br, and N chloride (Lowig, Das Brom und 
seine chemischen VerMltnisse , Heidelberg, 
1829, p 64) An aqueous solution of BrCl, 
obtained by dissolving Br in ClAq, is decom 
posed by alkalis giving alkali bromate and 
chlonde , m sunlight HBrO,Aq and HClAq are 
formed , reducing agents, e g SO^q, Zn 
powder, Fe filings, P, NO, Ac , withdraw Cl, and 
set Br free (Schonbem, J pr 88, 483) 

Bromine, Cyanide of better called Cyanogen 
Bromide Obtamed by action of Br on Hg(CN)2, 
KCN, or HCN , v Cyanic acids, vol u p 318 
Bromine, Hydrate ot Br lOH^O Obtained 
by cooling a saturated solution of Br m H2O , 
V Bromine , Oombtnafume, No 1 

Bromine, Iodide of . better called Bromide of | 
Xodiae , v* Iodqie. j 


«7 

Bromine, Oz3raoids ot No oxide of Br is 
known The acids HBrO and HBrOt exist in 
aqueous solutions only , both solutions are 
decomposed on heating, HBrOAq even at 30°. 
Perbromio acid, HBr04, was said by Kammerer 
to be produced by the action of Br gas on 
HClO^Aq {J pr 90, 190) , but later experiments 
have shown that this acid has not yet been 
obtained (v Pattison Muir, G J 30, 409, 
Macivor, C N 33, 35, Wolfram, A 198, 95;. 
BrAq is not oxidised by such reagents a^* 
K Mn.OgAq, K,Cr,0,Aq, HNO,Aq, or HClOAq . 
but the action of HCiOgAq or HC10,Aq pro- 
duces HBrOj^Aq Dilute solutions of HBrO and 
HBrO, are also formed by electrolysmg HBrAq, 
MBrAq, or BrAq , also by the action of metallic 
oxides on BrAq No salts of HBrO are known 
except in aqueous solutions , salts of HBrO, 
exist as solids, they are all easily decomposed 
by heat with evolution of 0, and frequently 
also of Br The addition of O to KBrAq would be 
attended by disappearance of much heat , Thom- 
sen gives these numbers [ElBrAq, O’] =* — 15,930 , 
also [Br^O,Aq] = — 16,200 The following data 
show that the heat of formation of the oxy- 
acids of Br is less than that of HBr, and la 
also less the more O the acid contains — 
[H,Br.Aq] = 28,380 , [H,Br,0,Aql = 26,080 , 
[H,Br,0’ Aq] = 12,420 {Th 2, 400) These data 
are analogous with those for the corresponding 
compounds of Cl, but differ from the data for 
the similar compounds of I {v Hadogen EiiX- 

MENTS) 

I Hypobromous Acid, and Hypobromiteb. 
HBrOAq and MBrOAq Gay Lussac obtained a 
gas by the action of Br on dry HgO and supposed 
It to be an oxide of Br , Pelouze, and more 
recently Dancer {C J 15, 477), proved that 
only O 18 thus produced An aqueous solution 
of HBrO IS obtained by the action of BrAq on 
the oxide, or nitrate, of Hg, or Ag , Hg O and 
PbO do not oxidise BrAq (Spiller, C N b, 249) 

Formation — By the action of BrAq on HgO 
— repeating several times —HgjOBrg, HBrOAq, 
and HgBrOAq, are formed , by distilling in 
vacuo, a liquid containing 6 2 p c Br as HBrO 
is obtained, but it cannot be quite freed from 
HgBrO (Balard, A Ch 32, 337) 

Preparation — Pure BrAq is shaken with 
excess of AgNOgAq until the colour and odour 
of Br have gone , the straw coloured liquid la 
then at once distilled tn vacuo , at 50 mm 
pressure it boils at 40° The distillate gets 
richer in HBrO until 736 p c Br is present 
as HBrO (then it gets poorer in the acid) , about 
46^ p c of the Br used is changed to HBrO 

Properties and Reactions —Solution with 
6 2 p c Br as HBrO decomposes at 30° giving 
Br and HBrOjAq, solution with 736 Br as 
HBrO decomposes, mto same products, at 60° 
HBrOAq is a strongly bleaching liquid , it is 
decomposed by Ag^O (and slowly by contact 
with AgNOjAqJ with formation of O and AgBr, 
by HjOjAq witn evolution of 0 , and by HClAq, 
]^rAq, and HIAq, with formation of Br 
(Schdnbein, J pr 88, 475) 

No hypobromites have been obtained except 
in dilute aqueous solutions. By the action 
of alkalis, alkali carbonates, or phosphates 
(Fntzsohe, A 40, 251), on BrAq, yellow, 
Strongly bleashingi liquids ure prodoo^ , iheoe 
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liquids ar« very unstable, decomposing in 
air, quickly at 80° They decompose urea 
mth evolution of N, — CON^^ + SHBrOAq- 
CO, + N2 + 3HBrAq4-2H,OAq (E Knop, C C 
1870 132) Balard {A Ch 32, Zbl , J pr 4, 
106) described bodies resembling bleaching 
powder, obtained by the action of BrAq on 
CaO^Hj and Ba02H2 , by the addition of water 
and filtration, bleaching solutions were pro 
duoed, very unstable, and easily decomposed, 
even by CO^ 

II Bbomic Acid and Bromates HBrOgAq 
and MBrOs Bromic acid, HBrOj, is known only 
in aqueous solution 

Formation — 1 By electrolysis of HBrAq 
(Biche, C B 46, 348) — 2 By action of heat 
on hypobromites in solution 

Preparation — BaBrO, is prepared by adding 
Br little by little to cone BaO^H Aq until the 
liquid 18 slightly red, when BaBrO, pps and 
BaBrj remains in solution The BaBrOg is crys 
talhsed from hot water, dried, and giound to 
fine powder, 100 parts are digested for some 
time in the cold or at a very gentle heat, with 
24 parts cone H &O4 mixed with 240 parts 
H^O , excess of H SO4 is removed from the ! 
liquid by gradual addition of BaO^H^Aq , the | 
acid liquid is evaporated in vacno (liammelfa j 
berg, A 40, 147) Kammerer passes Cl^O 
into Br under H^O until the colour of I 
the Br has disappeared , 6CI2O f Br^Aq + H^O 
■»2HBrOjAq + lOClAq {J pr 85, 452) 

Properties and Reactions — HBrOsAq mav be 
concentrated in vacuo until the liquid contains 
60 69 p c HBrO, , the composition then nearly 
agrees with the formula HBrO, 711^0 When 
concentrated by heating in an open vessel de 
composition begins when the liquid contains 
4 27 p c HBrOj, with production of Br, 0, and 
H^O HBrOgAq is a colourless, acid liquid, 
with a bromine like smell Oxidisable bodies 
decompose HBrO^q with separation of Br , eg 
6SO2 + 2HBr03Aq + 4H2O = 6H SO,Aq ^Br^Aq , 
6H2S + 2HBr03Aq = GH^OAq + 5b + BrjAq lod 
me quickly decomposes HBrO,Aq, forming 
HIO, (Kammerer, J pr Sf, 452) , Cl, dilute 
H^SO^Aq, and dilute HNOaAq, are without 
action HBrAq decomposes HBrOsAq, forming 
H^O and Br, HClAq and HIAq form H^O and 
BrCl or IBr The heat of neutralisation of 
HBrOjAq is the same as the mean value for the 
Btronger monobasic acids, [HBrO’Aq, NaOHAq] 
**13,780 {Th 1,240) Bromic acid is monobasic 
and forms one senes of salts, the bromates, 
M'BrO, and M^*2BrOg , these salts are formed 
by the action of HBrO,Aq on the oxides, 
hydroxides, or carbonates, of the metals , the 
alkali and alkaline earth salts are also formed, 
always with bromides, by the action of Br on 
aqueous solutions of the alkali or alkaline earth 
hydroxides (For special methods v individual 
Balts, also Kammerer, J pr 85, 452) The 
bromates crystallise well , they are all soluble 
in water , the least soluble are AgBrO, and 
HgBrO,. They are decomposed by heat , 
sometimes O is evolved and metallic bromide 
remains, e g bromates of alkalis, Hg, and Ag , 
sometimes Br and O are evolved, and oxide 
remains, e g bromates of Mg, Al, Zn , or a mixture 
of oxide and bromide remains, e g bromates of 
Pb. Cu, die. Dilute UNO^q, H^^O^Aq, or 


HjPO^Aq, decomposes bromates giving nBrO,Aq 
most of which decomposes to Br, 0, and H 0 
Solutions of bromates react similarly to solution 
of HBrO, towards SO^, HjS, HClAq, HBrAq, 
end HIAq The bromates have beer chiefly 
investigated by Rammelsbeig {A 40,147, P 
90, 16) , Lowig {B J 12, 120) , and Marignao 
(C B 45, 0)50, / 1857 127) Thf following 
are the better studied salts 

Barium hromate Ba(BrO^)2 
matic, monoclmic, crystals, isomorphous with 
Ba(ClO^), (Marignao a Baipmelsberg) , S (100°) 
4 2 , (15°-18°) 77 Piepared by decomposing 
KBrO.Aq by Ba(C H.OJ^Aq 

Cadmium hromate Cd(Br08)2 H^O Co 
lumnar trimetno crystals , prepared by 
Cd&0,Aq-f BaBrO ,Aq S (15°-18°) 125 On 
heating leaves CdO and CdBrj (Rammelslierg) 
Calcium biomate Ca(BrOg)2 H O Mono 
clinic plates (Mangnac) , prepared by 
CaO^HjAq + HBrOgAq (15°-18°) 99 

Heated to 180° loses H 0, at higher tompeia 
ture gives O and CaC^ (liammelsberg) 

Cobalt hromate Co(Br08) OH^O Trans 
parent, h;yacmth coloured, monometne octa 
hedra , prepared by HBrOgAq + CoCO,, or 
Ba(BrOg)Aq + CoSO,Aq S (16°-18°) 45 5 
Heated gives CoO (liammelsberg) 

Copper hromate Cu(Br08)2 SHjO Blue- 
green crystals, efllorescing over H SO^ in%acuOt 
very soluble , lose H^O completely, and a 
little Br also at 200° Prepared similarly to 
Co(BrO,)2 

Lead hromate '?h(BTO ^)2 H O yuiall, 
lustrous, monoclmic prisms , isomoiphous with 
Sr(Br03)-.H20 (Rammelsberg) S (15°-18°) 1 33 
Prepared by HBrOjAq + PbCO„ or cone 
Pb(C HgO^) Aq + KLrO,Aq Heated over 180° 
gives Br, PbOj, and PbBr at higher tempera 
tures gives PbsO^, Br, andPbB^ 

Magnesium hromate Mg(BrO,)2 CH^O 
Large efflorescent, monometne octahedra, 8 
(16°-18°) 71 6 , loses all fl^O above 200° Pre 
I pared by MgO + HBiO,Aq, or 
j MgSiFgAq + l^rOjAq 

Mercury biomates Hg2(Br08)2f and 
Hg(Br08)^ 2H2O Mercurous bromate is pre 
pared by Hg (NO,) Aq + KBrO,Aq or 
HBrOgAq + HgjO , mercuric bromate by 
HBrOjAq + freshly ppd HgO Both form 
small white crystals , the mercurous salt forms 
yellow basic Hg2(BrO,)2 Hg20 by the action 
of H^O, when heated it decomposes with de- 
tonation (Rammelsberg) The mercuno salt 
decomposes at 130°-140°, with slight explosion, 
to HgO, HgBr,, and HggBr,. S (16°-18°) 17, 
(100°) 1 6 

Nickel bromate Ni (BrO,)2 GHjO Prepared 
as, is isomorphous with, and generally re- 
sembles, the Co salt (<? v ) S (^15°-18°) 28 
(Rammelsberg , v also Marbach, P 94, 412) 
Potassium bromate KBrO, Prepared by 
adding Br, or BrCl, to cone KOHAq , or by 
adding Br to KjCO,Aq which has been previously 
saturated with Cl Rhombohedra (Rammels- 
berg , Mangnac, J 1859 139 , v also for crys- 
talline forms, L5wig, B J 12, 120 , Fritzsche, A 
40,251, Marbaeh,P 94,412) BG iyg8 27X 
(Kremers, P 99, 443) S (0°) 8 1, (20°) 6 9, 
(40°) 18 2, (100°) 60 (Kremers, P 97, 1) Insoh 
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In alcohol B P of saturated KBrOgAq *> 104® 
KBrOg, when heated, melts at 850®, then begins 
to decompose, at first slowly, then rapidly and 
explosively, with evolution of 0 and a little 
Br According to Fritzsche {A 40, 261), crystals 
of KBrO, prepared from exactly neutral solu- 
tions, or from solutions containing a little 
acetic acid, d(4!repitate before decomposing, and 
lose 13 pc of their mass (chiefly water) , if , 
the resulting powder is placed in warm water, 
O 18 evolved at the surfaces of the undissolved 
pai tides, but most of the O is again absorbed by 
the liquid , on evaporation, pure KBrOj crys 
tallises out Fritzsche supposes that KBrO, is 
partly decomposed by heat to hypobromite and 
perbromate, that the latter acts on water, 
evolving O and forming KBrOjAq, and that the 
O is absorbed by the KBrOAq with formation 
of KBrOjAq KBrO, is decomposed by cone 
H^SO^Aq, with evolution of O and Br (Lowig) , 
by HNOjAq, with preiuefion of KNOgAq, Br, 
and 0 (Penny, A 37, 206) KBrOaAq decomposes 
H 8, separating 8, and forming HBrAq, and 
H SO^Aq Heated with combustible bodies, 
KBrO, evolves O rapidly and explosively 

Sliver bromate AgBrOg Dimetrie pnsms 
(Mangnac) Prepared by AgISIOgAq + HBrOjAq 
or KBrOgAq, and crystallising from hot water 
Stable in air free from organic matter Decom- 
poses on^heating 

Sodium bromate NaBrO, Prepared as 
KBrO, At 4® crystallises with irll^O forming 
efflorescent needles (Lowig) , above 4® the 
anhydrous salt separates, isomorphous with 
KBrO, according to L6wig {B J 12, 120) 

8 G Jff 3 339 8 (0®) 28, (20®) 38 6, (60°) 62 6, 

(100°) 99 (Kremers, P 97, 1) B P of saturated 
NaBrOjAq * 109° Decomposes when heated as 
KBrO, {q v ) 

Strontium bromate Sr(BrO,) H^O Mono 
clinic prisms Is amorphous \Mth the Ba salt 
(Rammelsberg) S (16°-18®) 33 Loses H^O 
at 120° Prepared by SrCO, + HBrOgAq 

Zinc bromate Zn(Br03) OHgO Mono- 
metric octahedra, isomorphous with the Mg 
Balt , prepared as Co(BrO,)2 GH2O Melts at 
100° , loses GH^O at 200° with partial decom 
position to ZnO, Br, and O 8 (16°-18°} 100 
Soluble in NH,Aq (Rammelsberg) 

Besides the foregoing, bromates of Ce, La, 
and Di of the form M(BrOg) CH^O have been 
prepared (Rammelsberg, Mangnac, Herrmann 
J pr 82, 385) Bromates of Al, Cr, Fe, and 

V , of Pd, and Pt , of Bi , and of Sn, seem to 
exist They have, however, either not been 
obtained in definite form, or have been very 
filightly examined 

Bromine, Sulphide of better called Sul- 
phur Bromide {v Sulphur) M M P M 

BBOMINE, ACTION ON ORGANIC BODIES 

V Bromo compounds 

BEOMO Use of this prefix applied to inor- 
ganic compounds for bromo compounds and 
bromo salts v the element the bromo-com- 
pound of which is sought for, or the salts to the 
namea of which bromo- is prefixed Thus 
bromoehlonde of carbon will be found under 
Oabbok, broxno-chroxnate of potassium hnder 
Chbomatbs. 

BEOMO-ACSNAPHTHENSv Acxkapbtejcks 


BEOXO-AGSNAFRTHYLENS v Aosniph- 

THTLIEinB 

BEOMO ACETAL v Bromo a.ostio aldeh.xx)k 
BEOHO-ACETAMIDE v Bromo acetic acid 
p-Bromo-aoetamidev Aceto-bromo amide 5 
BEOMO ACETAMIDO- v Bromo amido- 
BEOMO ACETANILIDE v Bromo aniline 
BROMO ACETIC ACID CjHgBrOa 
CHjBr COgH [61°J (208°) 

Formation — 1 By bromination of acetic 
acid (Perkin a Duppa, A 108, 106 , Hell a 
Muhlhauser, B 11, 241 , 12, 735) —2 By heat 
mg ethyl acetate with bromine at 160° (Crafts, 
A 129, 60) — 3 From glycollic acid and HBr 
(Kekul6, A 130, 11) — 4 By atmospheric oxida- 
tion of an alcoholic solution of bromo ethylene 
(Glockner, A Suppl 7, 107) —6 By the action 
of bromine on dry glycerin (Barth, A 124, 341) 

6 From chloro acetic acid and HBr (Demole, 
B 9, 6G1) — 7 From ethylene bromide and 
fuming HNO, (Kachler, M 2, 259) 

Preparation — Br, glacial acetic acid, and 
some CS^ are boiled with inverted condenser , the 
yield is nearly theoretical (Michael, Am 6, 202) 
Properties — Deliquescent rhombohedra , V 
sol water Bhsters the skin 

Reactions — 1 Heated with zinc it yields 
Zn(OAc)2 and ZnBrj — 2 NH, forms glycocoU 
3 Silver benzoate forms glycollide, benzoic 
acid and AgBr — 4 Silver powder at 130° forma 
succinic acid— 5 Benzyl sulphide (C,H7)28 
forms benzyl bromide and S(CH2 C02H)2 (Letts, 
Tr E 28,612) Ally 1 sulphide acts similarly — 
6 Bromo acetic acid and its ethyl salt unite 
directly with MegS and its homologues, forming 
hydrobromides of ‘thetines’ (Crum Brown a. 
Letts, B 7, 695) 

Salts — The NH<, K, Ba, and Ca salts are 
v sol water — PbA', laminte, si sol cold 
water — AgA' crystalline , explodes at 90° — 
Ur202NaA'g (Clarke a Owens, B 14, 35) 

Methyl ether MeA' (144°) (P a D) 
Ethyl ether EtA' (169°) Converted by 
Na into aceconitic ether {v p 2) 

Chloro ethyl ether CH2CI CH2 A' (214°) 
S G lii 1 65 From (jjrloro ethyl chloro acetate 
and Br (Henry, C B 97, 1308) Decomposed 
by heating with water into glycol chlorhydrm 
and bromo acetic acid 
Bromo ethyl ether 

CH, CHBr O CO CH2Br (135°) at 870 mm S O 
11 1 962 From CH, CHCl OAc (v p 106) and 
Br at 100° (Kessel B 10, 1999 , 11, 1916) OiL 
Boiling alcoholic KOH forms bromo acetic ether, 
EtBr, acetal, and crotonic aldehyde 
Di bromo ethyl ether 
C2HgBr2 0 CO CHjBr A non volatile oil, ob- 
tained by heating the precedmg (1 mol ) with 
Br (1 mol ) at 120° 

Tri bromo ethyl ether 
CjHjBr, 0 CO CHjBr An oil formed by heating 
bromo ethyl bromo acetate (1 mol ) with Br 
(2 mole ) at 160° 

Tetra bromo ethyl ether 
CjHBr^ 0 CO CH^Br (177°) From the preceding 
(1 mol ) and Br (1 mol ) at 170° Decomposed 
by alcohol into EtBr and bromo and di-bromo- 
acetio ethers 

Penta bromo ethyl ether 
CgBr.OCOCHBr (c, 197°) Formed by bvQk. 
mioating the preceding 
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Isoamyl ethsf OsH,,iL' (207°) 
Chlorids V Bromo acetyl chloridb. 
Bromtde v Bromo acetyl bromide 
Anhydride (CR3r CO) O (246°) Ob- 
tamed by distilling Ac O CO CHjBr which is 
formed by the action of AcONa on Br CO CH^Br 
(Naumann, A 129, 273 , Gal, C B 71, 273) 
Amide CH,Br CO NH, [165°] From 
bromo acetic ether and 20 p c NHs at 0° (Kessel, 
B 11, 2116) V Bol water, b 1 sol alcohol, 
insol ether 

Nitrile CHjBr CN (149°) S G 1^ 1 771 
V D 4 06 Bromo acetonitrile is formed by the 
action of bromine water on lodo acetonitrile 
(Henry, C R 103, 413) The dibromide of 
acetonitrile (p 35) may be looked upon as a 
hydrobromide of bromo acetonitrile , when water 
IS added to its alcoholic solution needles of the 
imide (CH^Br CO) 2 NH gradually separate 
(Engler, A 133, 137 , 142, 69) 

Di-bromo-aceticacidCHBr CO^H f45°-50°] 
(233°) Formed, together with CH^Br CO H, 
when a mixture of bromine and acetic acid la 
exposed to sunlight (Perkin a Duppa, C J 11, 
22 , Schaffer, B 4, 368) Formed also by the 
action of Br on acetic ether at 130^ (Carius B 
8 , 336), and as a by product in the preparation 
of tn bromo acetic aldehyde bypassing bromine 
vapour into alcohol Crystalline mass, v sol 
alcohol and ether , its vapour is very pungent 
Salts — Excepting Ag and meicurous salts, 
the dibromo acetates dissolve readilj in water — 
NH^A' — KA' aq — BaA', 4aq — BaA ^ 6aq (Bene 
dikt, A 189, 160) — PbA'^ stellate gioups of 
needles — AgA' needles , decomposed by boil 
mg water into AgBr, glyoxylic acid, and dibromo 
acetic acid , decomposed by ether at 100° into 
AgBr and an oil, C^H^Br 0„ whence water forms 
di bromo acetic and glyoxyhc acids (Perkin, 
C J 82, 91) 

Ethyl etherCBBr^COo'Et (193°) Formed 
by heating the acid with alcohol or by adding 
bromal hydrate (4 pts ) to an alcoholic solution 
of KCy (1 pt ) (Remi, J R 7 263) 

Am de CHBr^ CO NH [156°] Formation 
• — 1 From di bromo acetic ether and NH, 
(Schaffer, B 4, 369, Kessel, B 11, 2116) 
— 2 From penta- bromo aceto acetic amide 
CBr, CO CBrj CO NHj and boiling water (Stokes 
a V Pechmann, Am 8, 375) — 3 From penta 
bromo acetone and NH, (Cloez, A 122, 121) — 
4 From asparagine and bromine (Guareschi, B 
9, 1436) Properties — Needles , may be sublimed , 
m sol cold, V Bol hot, water, alcohol, and ether 
A'^tfrifeCHBr, CN [142°] Formed, together 
with bromoform and CO, by the action of Br 
on aqueous cyano acetic acid (Hoff, B 7, 1571) 
Tri-bromo-acetic acid CBr, CO^H [130°] 
(S), [135°] (Gal, C R 77, 786) (260°) 

Formation —1 By the action of water on 
tn-bromo acetylbromide — 2 By heating aqueous 
malonic acid with bromine (Petneff, B 8, 730) — 
8 By heating tn bromo acetic aldehyde with 
HNO, (Schaffer, B 4, 870) 

Properties — Monoclinic tables, v sol water , 
its vapour is pungent Decomposed by boilmg, 
^vmg off Br and HBr The salts, excepting 
the silver and mercurous salts, are v sol water 
and alcohol, but decomposed by heat, both when 
dry and when in solution, into broxnofoxm and 
a metallie oarbonata. 


Salts —-NaA' 2|aq lustrous lamina ^ 

BaA'gSaq tables — PbA', stellate groups of 
needles — AgA' very unstable lamina 
Ethyl ether (225°) 

Amide CBr, CO NH_j [121°] Formed, 
together with the preceding by the action of 
bromine on asparagine suspended in water 
(Guaieschi, Q 6, 375) Formed ^Iso by tieat 
ing hexa bromo acetone with ammonia (Weidel 
a Gruber, B 10, 1148) Monoclinic lamina , 
may be sublimed , si sol alcohol, ether, and 
cold water Split up by boiling alkalis mto 
bromo form, CO , and NH, 

BEOMO-ACETIC ALDEHYDES 
Bromo-acetic ortho-aldehyde 
Ethyl ether CH^Br CH(OEt )2 Bromo 
acetal (171°) From acetal and bromine 
(Pinner, B 6, 149) or by treating vmiyl ethyl 
oxide with Br and decomposing the product 
CH Br CHBr OEt with NaOKt (Wislicenus, A 
192 112) Alcoholic if Ol^at 170° converts it into 
CH^OH CH(OEt) while NaOEt forms at 100° 
CH (Ok t) CH(OEt)2 

Di bromo acetic aldehyde CHBr^ CHO (142°) 
Formed by dropping Br (2 mols ) into a solution 
of paraldehyde (1 mol) in acetic ether (Hage 
mann, B 3 758, Pinner, A 179, 67) Liquid, 
V sol water and alcohol Blisters the skiru 
Slowly changes to an isomeric modification, 
insol water Combines with water, forming 
the solid hydrate CHBr^ CHfOH), * 
Tri-bromo-aoetic aldehyde CBr, CHO 
Bromal Mol w 281 (174 ) S G 3 34 

Formation — 1 By the action of Br on alco- 
hol (Lowig, A 3, 280 , Schaffer, B 4 366) — 

2 Together with the preceding by the bromina- 
tion of paraldehyde 

Properties - Pungent liquid, decomposed by 
aqueous alkahs into bromoform and formic acid 
Reactions — 1 Fuming HNOj,formstri bromo 
acetic acid — 2 Alcoholic KCy forms di bromo 
acetic ether and HCy (Remi, B 8, 695) — 

3 Cone H2S0^ forms bromalide CjHJ3r„0, 
or tn bromo ethylidene tn bromo lactate 

yO CO 

CBr,CH( I [158°] This body is 

\0 CH CBr, 

also formed by the action of tn bromo lactic 
acid on bromal (Wallach, A 193, 62) It 
18 insol water, and decomposed by alcohol — 

4 Tri chloro lactic acid forms the corresponding 

< OCO 

) [160°]— 6 Lactic acid 

OCHCCl, 
yO CO 

forms CBr, CH<: | [97°] (Khmenko. 

\0 CH CH, 

B 9, 968) 

Combinations — 1 Withwater Tr% bromo- 
acetic orthoaldehydeoT Bromal hydrate 
CBr, CH(0H)2 [64°] Crystallises on evapo 

rating an aqueous solution of bromal Decom-' 
posed by distillation into H«0 and bromal — 
2 With alcohol CBr, CH(OH)(OEt) Bromal 
alcoholate [44°J Thick needles , si sol water , 
resolved by distillation into its components — 8, 
WithsodiumbisulphiteCBr, CH(OH) SO,Na 
laminae —4 With ammonia CBr, CH^H) NH, 
crystals, msol water, deoompoeedat85°(8ohi£f a. 
Tassinan, B 10, 1786) —6 With acetamide 
CBr, CH(OH) NHAc. [160°] (S A. T ).-A With 
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•thyl carbamate CBrj CH(OH) NH CO^t 
Bromal urethane [182°] (Bischoff, B 7, 632) 
BB0M0>AC£T1C BEOHIBE v Bbomc acetti. 

JBROMIDB 

BEOMO-ACETIC CHLOEIDE v Bromo acetyl 

CHLORIDE 

BEOMO-iWETIC OXIDE v Anhydride of 
Bromo acetic acid 

BEOMO- ACE TO- ACETIC ACID Ethyl 
ether CABiO, le CH, CO CHBr CO,Et 
6 O as 1 511 

Formation —By addition of Br (1 mol ) to 
an ethereal solution of aceto acetic ether (Duis 
berg, B 15, 1^7), A 213, 138) 

Properties — Pungent brown liquid , si sol 
water, v sol ether and alcohol Gradually de 
composes on standing, giving off HBr Fe Clj 
tuins its aqueous solution deep red It is dis 
solved by baryta water, arqj on adding Cu(OAc )2 
the solution gives a eap green crystalline pp 
Cu(CgHaBrO ,)2 which on recrystallisation from 
alcohol or CS^ separates as dark green needles 
Reactions — 1 Alcoholic NH, forms suc- 
cinyl succinic ether — 2 Na added to its ethe 
real solution also produces succmyl succinic 
ether (dihydride of di oxy terephthalic ether) — 
8 NaOEt produces succmyl succinic acid 
(Wedel, A 219, 92) These reactions may be 
represer^ed thus 2CH, CO CHBr CO^Et 
CHjCO CH COjEt 
-.2HBr+ I I 

COjEt CH CO CH, 

CH C(OH) CH CO^Et 
• 2HBr + I I 

COjEt CH C(OH) CH 

AnxUde CH, CO CHBr CO NHPh [133°] 
Bromine added to the anilide of aceto acetic 
ether in chloroform forms an additive product 
which on warming: yields bromo aceto acetic 
anilide (Knorr, A 2^0, 79) Pearly plates {from 
alcohol) , b 1 sol water Cone HjSO^ produces 
bromo oxy methyl quinoline 

Methyl bromo-aceto-acetic ether 
CH, CO CMoBr CO;Et Obtained by bromination 
of methyl aceto acetic ether Liquid Converted 
by heat into EtBr and CaH^O, (Pawlow, C R 
97, 99) 

Ethyl bromo aceto-aoetio ether 
CH, CO CEtBr CO^Et 8 G 1 35 Obtained by 
adding Br to ethyl aceto acetic ether in ethereal 
solution (Wedel, A 219, 102) Pungent liquid 
Fe Clg turns its alcoholic solution violet At 
100° it gives EtBr and C,-,H,„0, or C„H„0,, 
probably CH, CO C(CO H) CH CH, (c/ Demar 
gay. A Ch [5] 20, 405) 

Iso butyl-bromo-aoeto-aoetio ether 
CH, CO C(C<H„)Br CO^Et From iso butyl 
aceto acetic ether and Br at —5° (Demarcay, 
Bl [2] 81, 513 , 83, 516 , A Ch [5] 20, 433 , 
C R 86, 1085, 1135) Alcoholic KOH converts 
It, according to Demarpay, into hexoic, raethyl- 
isobutyl glyceric, hcptoic, oxyheptoic, and gly 
colhc acids, according to Pawlow (C R 97, 
99) alcoholic KOH forms an acid CgHjjO, or 
CH, CO C(C02H) ch Pr with evolution of EtBr 
Di-bromo aoeto-aoetio ether 
CH, CO CBr^ C02Et(?) S G ^ 1 884 From aceto- 
acotio ether (10 g ) in ether (10 g ) treated with 
Br (24 6 g ) (PaisbJsrg, A 213, 143) Pungent oil 
Bsaeions Aqueoni FegCl, givei a deep 


red colour — 2 Baryta^water givea a claret 
colour, but Cu(OAc )2 gives no pp m this solu- 
tion A sap green pp Cu(C8lI,Bro0,)3 is, how- 
ever, formed when cone Cu(OAc) 5 iAq is added to 
an alcoholic solution of the ether , it crystallises 
in needles (from alcohol) — 3 Diluted with 
ether and treated with Na, di bromo-aceto acetic 
ether (80 g ) gives di oxy terephthalic ether (2 g 1 
NaOEt may be used instead of Na (Wedel, A 
219, 74) 

Ethyl-di-bromo-aceto-acetic ether 
C.H^Br^EtO, ue CH Br CO CBrEt CO^Et (?) 
S G 1 64 A yellowish oil, got by bromination 
of ethyl aceto acetic ether Fe^Cl^ colours its 
alcoholic solution wine red (Wedel, A 219, 102) 
Tri-bromo-aceto-acetio ether 
CH^Br CO CBr, CO^Et S G 2? 2 144 From 
aceto acetic ether (10 g ) in chloroform (20 g ) 
by addition of bromine (38 g ) (Duisberg, X. 
213, 145) Yellow liquid, shghtly pungent V 
si sol water When heated, it gives off HBr 
Reactions — 1 Aqueous Fe^Cl, gives after 
some time a slight red pp — 2 Gives in alco- 
holic solution with cupric acetate a green pp 
Cu(C„H„Br, 03)2 (Wedel, A 219, 95) 
Ethyl-tri-bromo-aceto-acetic ether 
C ABr^EtO, 1 e CHBr CO CBrEt CO^Et (?) 
S G 1 86 Its alcoholic solution is turned wme- 
red by Fe Cls 

Tetra- and Penta-bromo-aceto-acetic ethers, 
so called, are mixtures of tri with pel bromo- 
aceto acetic ether 

Penta bromo aceto acetamide 
CBr, CO CBr, CO NH [c 148°] From di oxy 
amido pyridine and bromine water (Stokes a. 
V Pechmann, Am 8, 375) Needles or prisms, 
converted by boiling water into di bromo acet- 
amide and CHBr, Alcoholic N H, gives di bromo 
malonamide and CHBr, 

Per-bromo-aceto-acetic ether C^Brj^O, %e 
CBr, CO CBr^ CO C Br [69°-70°] From tri- 
bromo aceto acetic ether and bromine at 80° 
for 2 days Colourless crystalline mass Not 
affected by air Gives no colour with Fe 2 Cla and 
no copper pp (Wedel^ 219, 97) 

BEOMO- ACETO- AMIDO- v Bromo Amno-. 
TEI-BEOMO-ACETO-OUANAMIDINE 
C^H^BrjNjO, From bromine and aqueous 
acetoguanamide (Nencki, B 9, 236) Minute 
needles, msol water, alcohol, and ether Split 
up by boiling with water into bromoform and 
cyanunc acid 

BEOMO-ACETOL v Di bromo bropane 
BEOHO-ACETONE CH, CO CHBr S G 1 99 
Formation — 1 By adding 1 mol bromine to 
acetone, either pure or mixed with water or with 
CS, (Linnemann, A 125, 307 , Emmerhng, B 
6, 22) —2 By the action of a weak electnc cur- 
rent on a mixture of acetone and HBr (Biohe, 
C R 49, 276) 

Preparation — 1 A stream of dry air satu- 
rated with bromine (138 g) is passed through 
100 g cooled acetone (Emmerhng a Wagner, A 
204, 27) — 2 Bromine (1 mol ) is passed through 
a solution of 1 mol acetone in 10 voL water 
(Sokolowsky, B 9, 1687) 

Properties — YeUow, very pungent-smelling 
oil, quickly turmng violet when diy, more per- 
manent when mixed with a little water Ag^O 
oxidises it to formic and aoetio acids (Lmne- 
mann, StU* B 68, 437) Aqueous KsCX)^ ionits 



uz 


Bromo-acetoi^ 


A syrupy acid CuHigO^ (?) Bronao acetone com- 
bines with NaH&O, ^ - 

u Di-bromo-aoetone CH, CO CHBij. 6 0 2 5 
Prepared by adding bromine (2 mols ) to acetone 
(1 mol ) mixed with a large quantity of water 
Liquid, volatile with steam hot very pungent 
Combines with NaHSOj 

5 Li bromo acetone CH Br CO CH^r [24®] 
From di lodo acetone and Agbr at 150® , or 
from di chloro acetone and aqueous KBr Long 
needles with pungent smell (Volker, A 192, 96) 
Beduced by Zn and H_,S04 to acetone 

Tri bromo acetone CBr^ CO CH, Formed by 
the action of alkalis upon hexa bromo methyl 
methenyl di ketone NH, gives bromoform 
(Combes, A Ch [6] 12, 241) 

Tetra-bromo acetone hydrate CgHjEr^O 2aq 
[43°] From Ba (10 pts ) and acetone (1 pt ) in 
the cold , when the resulting solid mass is re 
crystallised from dilute alcohol a mixture of 
tetra and penta bromo acetone is first deposited, 
and afterwards prisms of tetra bromo acetone 
hydrate CgHJBr40 2aq The hjdiate is insol 
water, sol alcohol (Mulder J 1864, 330) 
Perhaps this body is (C^H J3r,0)H0Et 
Penta bromo acetone C,HBr O [76®] 
Formation — 1 From Br (12 pts ) and acet 
one (1 pt) (Mulder, J 1864, 330, cf Steiner, 
B 7, 605, 1284) —2 Separates on adding water 
to an alcoholic solution of ‘ phloiobroram,’ 
that has stood some time (Benedikt, C C 
1878, 101 , A 180, 168) —8 From potassic 
citraconate and Br (Cahours, A 64, 351 , 
Grimaux, J 1874, 622) —4 From chelidonio 
acid and Br (Wilde, A 127, 167)— 6 From 
aqueous pyruvic acid and Br at 100° (Wichel 
haus, 4 152,260) 

Properties — Tnmetno needles (from dilute 
alcohol) , a 6 c * 698 1 686 (Ditschemer a 

Fnedlander, Z Kryst 8, 103) Converted by 
aqueous or alcoholic NH, into di bromo acet- 
amide Aqueous KOH forms bromoform, HBr, 
CO^, and formic acid 

Hexa bromo acetone CBr, CO CBr, [112°] 
Formation — 1 By the action of Br on an 
aqueous solution of tri omido phenol hydro 
chloride or hydrobromide, or on ‘ bromo di 
chromazm ’ the first product of the action of 
bromine on these salts — 2 From bromanilic 
acid and Br (Hantzsch a Schniter, B 20, 2040) 
3 Fromdi amido guaiacol hydrochloride andBr 
(Herzig, M 3, 825) 

Promrties — Monoclimc prisms (from chloro- 
form), insol water Decomposed by alcohol 
Reactions — 1 Boiling NaOHAq or water at 
180° form bromoform and COj — 2 Boiling cone 
HNO, has no action, but at 150° it produces 
bromo picrm CBrjNOjf. — 3 Dry NH, gives rise 
to tn-bromo acetamide and CBrgH — 4 Sodium 
amalgam reduces it to iso propyl alcohol 

BBOMO - AC£T0NITEIL£ v Nitbilx or 
Bbomo acetic acid 

BBOMO ACETOPHEHOHE C,H,BrO 

C,H, CO CHjBr Phenyl bromo methyl ketone 
Phenacyl bromide [60°] 

Formation — 1 From acetophenone and Br 
(Emmerhng a Engler, B 4, 148 , Hunnius, B 
10, 2006, Staedel, B 18, 837) —2 Formed, 
together with CO, and HBr, bj boiling a phenyl- 
a oxy-/9-dibroino propionic acid with water 
<B5ttiDger, B 14, 1238) 


Preparation — ISSJ pts of bromine are slowly 
run into a mixture of 100 pta of acetophenone 
and 500 pts of glacial acetic acid After stand- 
ing an hour it is gently heated on a water bath 
till colourless, when it is at once poured into a 
largequantityof cold water , theyi|ldi8l33 pts or 
80 p c of the theoretical (Mohlaif B 16, 2464) 

Properties — Trimetnc pnsms (from dilute 
alcohol) , pungent , v sol alcohol and ether, 
insol water 

Reactions — 1 KMnO, forms benzoic acid — 
2 Alcoholic NHj forms iso indole CgH^N — 
8 With sodw malonic ether it forms 
CJI, CO CH CH(C0,H)2 —4 With sodio aceto- 
acetic ether it forms acetophenone aceto acetic 
ether (v p 36)— 5 Aniline forms^ phenyl 
amido acetophenone (Mohlau, B 14, 172)— G 
Reacts with hydroxylamine hydrochloride with 
production of iso nr>troso acetophenone oxim, 
C,.H, C(NOH) CH NH (fH [163°] (Schramm, B 
16, 2183) —7 An alcoholic solution of phenvl 
hydrazine reacts thus Ph CO CH Br + N^HgPh 
HBr + H,0 + Ph C,H,N,Ph The product 
forms yellow needles (fiom alcohol) [137°] It 
18 very soluble m ether, chloroform, and CSj, 
less in alcohol or light petroleum It is de 
composed by acids (0 Hess, A 232, 234) 

6>-Di bromo-acetophenone C^Hj CO CHBr^ 
[37°] Prepared by adding bromine (2*mols ) to 
a cold solution of acetophenone (1 mol ) in acetic 
acid, warming to 65°-70°, and pouring into 
water , the yield is c 80 p c of the theoretical 
(Engler a Hassenkamp, B 18,2240, cf Hunnius, 
B 10, 2010 , Fittig a Wurster, A 196, 161) 

Properties — Trimetnc tables (from CSj) , 
msol water Oxidised by KMnO, to benzoic acid. 

Reactions — 1 Alcoholic KOAc forms 
Ph CO CH{OAc )2 — 2 Alcoholic hydroxylamine 
forms phenyl glyoxim Ph C(NOH) CH(NOH) 
[152°] — 3 By treatment with NHj, a portion 
breaks up into benzamide and CH^Br^ whilst 
another part yields isoindileucine CjaHjjNjO 

« TEI- BROMO- ACETOPHENONE- o-CAE- 
BOXYLIC ACID CBr^ CO C,H, CO^H [1G0°] 
From phthal}! acetic acid and Br Resolved by 
alkalis into CHBr, and phthalic acid (Gabriel 
a Michael, B 10, 1561, 2199 , 11, 1007) 

BBOMO ACETOTHIENONE v Thientl 
BROMO methvl KETONE and Bbomo thienyl 

METHYL KETONE 

HEXA-BBOMO ACETYL-ACETONE v Hexa- 

BROMO DI METHYL METHYLENE DI KETONE 

BBOMO-ACETYL-BENZENE is Bbomo aceto- 
phenone (g r) 

BEOMO-ACETYL BBOMIDE CH^BrCOBr 
(160°) S G 2 317 

Formation — 1 From AcBr and Br at 100° 
(Gal, A 129, 54) —2 From AcBr and PBr^ at 
150° (Samosadsky, Z [2] 6, 105) — 3 From 
AcCl (64 pts ) and Br (120 pts ) at 100° (HUbner, 
A 124, 316 , Naumann, A 129, 257 , Gal, A. 
132, 179) —4 By direct combination of «-di- 
brorao ethylene CBr, CH, with oxygen (Demole, 
C R 86, 542) 

Properties — Pungent liquid blisters the skin 

Reactions — 1 Aqueous NajCOg forms sodium 
bromo-acetate and sodium glyooUate -—2 Dis- 
tillation with NaOAo produces ACjO, bromo- 
acetio anhydnde and glyoolhde —8 ZnMe, 
gives a oompoand whence water liberates 
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methyl igopropyl oarbinol, acetone, and methyl 
ethvl ketone (Winogradow, A 191, 127) 
Oi-biomo-aoetyl bromide CHBraCOBr 



bromo ethylene (D ) Fuming liquid , con- 
verted by alcohol into di bromo acetic ether 

Tri-bromo-acetyl bromide CBrg CO Br 
(220'^-225°) From the preceding and Br at 
200° (G ) Slowly converted by water into tri 
bromo acetic acid 

BROMO-ACETYL CHLORIDE CH Br COCl 
SO 2 1 91 Pungent liquid, produced by the 
action of PCI3 on bromo acetic acid (Wilde, A 
132, 171) 

BROMO ACETYL CYANIDE CH Br CO CN 
[79°] •Formed, together with CH^CN CO Br by 
the action of AgCy on bromo acetyl bromide 
(Hubner, A 131, 68) Mcyioclinio tables, decom 
posed by water into I^v and CH Br CO^ 

BROMO-ACETYLENE CBr CH Formed by 
the action of alcoholic KOH on CH Br CBr, 
(Reboul, A 125, 81), on CH Br CHBr, (Alexe 
]ef!, Z 6, 644), or on CHBr CHBr (bawitsch, A 
119, 183 , Fontaine, G R 70, 1361 , Saban6eff, 
Bl [2] 45, 245) 

Preparation — Acetylene dibromide is heated 
with NaOH and dilute alcohol in an apparatus 
filled w^th nitrogen The gas is condensed by a 
freezing mixture (S ) 

Pioperties — Gas at ordinary temperatures, 
m sol water In the liquid form it is decom 
posed by light into s tri bromo benzene and 
other products It takes fire in air , when 
slowly mixed with air bromo acetic acid is 
formed Ammoniacal cuprous chloride gives 
a led pp of cuprous acetylide Br forms 
CHBr, CBr, 

3 BROMO /3 ACETYL PROPIONIC ACID 

C H BrO, t c CH 'CO CHBr CH, CO,H Bromo- 
levuhc acid [69°] Crystallised from CSj 

Fo?'matwn — 1 By bromination of a solution 
of $ acetyl propionic acid in cone HCl below 0° 
2 By the action of water upon (o) angelico 
lactone dibromide (Wolff, A 229, 266 , v Di 

BROMO OXV VALERIC ACID) 

Properties — White needles (from CSj) Sol 
alcohol, ether, and water 

Reactions — By the action of aqueous Na CO3 
it yields oxy acetyl propionic acid and acet 
acrylic acid By heating with cone aqueous NH, 
at 110°-120° di methyl ketme (tetra methyl 
pyrazine) C^Me^N, is formed, with evolution of 
CO, With aniline it gives di-phenyl tetra- 
methyl di hydro pyrazine C4Me4N,Ph3 (Wolff, 
B 20,426) 

Ethyl ether EtA' (240°) S G 12 1 439 
From Br and ethyl /3 acetyl propionate (Conrad 
a Guthzeit, B 17, 2285) Malonic ether and 
NaOEt convert it into methyl propyl ketone tri- 
carboxylic ether (C02Et)3CH CHAc CHj 
(c 283°) S G 1 097 

Di-bromo-j8-aoetyl propionic acid CjHjBr^O, 
[116°] Solidifies about 94° From /3-aoetyl- 
ropionio acid, chloroform and Br From 
romo & acetyl propionic acid and bromine 
Jjong thm needles (Wolff, A 229, 266 , Hell a. 
Kehrer, B 17. 1981) 

Tri-bromo-j3-aoetyl-propionio aold CjHjBr.O, 
[82°] From /S acetyl-propionio acid, Br and 
Qhlorolorm [Wolff, A 229, 267). 


BROMO-jp^dt^efo-ACETTL-PTBROL v Bbcmo- 

PTBSTL METHYL KETONE 

BROMO-ACETYL-UBEA n Uksa 
BROMO- ACIDS v Bbomo compounds 
BROMO-MET ACROLElN(C3H,BrO)3( >) [78°] 
Acrolein takes up Br forming di bromo propionic 
aldehyde, a liquid which polymerises, becoming a 
gummy mass, which may also be obtained by 
the action of Br on metacrolein NaOEt con 
verts this gummy metacrolein dibromide into 
bromo met aci olein (Grimaux a Adam, Bl [2] 
36,136) Needles (from alcohol) Has no smell , 
does not reduce Fehling s solution When dis- 
tilled with H,SO, (1 vol ) diluted with water (1 
vol ) it gives off extremely pungent vapours 
which may be condensed to a liquid, sol water, 
which is probably bromo acrolein By heating 
with NaOEt it is converted into C^H^BrO, [140°], 
a BE0M0-ACR7LIC ACID 0,H3BrO„ 

CH CBr CO H [70°] From aa or a)8 di bromo 
propionic acid and alcoholic KOH (Philippi a 
Tollens, A 171, 333 , Wagner a Tollens, A 
171,340, Erlenmejer, H 14,1867) 

Properties — Rectangular monoclimc plates, 
V sol water and alcohol Decomposed by dis- 
tillation or exposure to light Combines with 
HBr forming a& di bromo propionic acid 

Salts — AgA' — BaA' 4aq — CaA'jdaq — 
ElA' — RaA'aq — NH^A' — ZnA'^ 

Ethyl ether (c 157°) (77°) at 30 

mm With Bodium malonio ether it gives 
CO,Et C(CH,) CH(C02Et)2 identical with the 
compound from a$ di bromo propionic ether 
and di sodium malonic ether (Michael, J pr [2J 
35, 134) 

3 Bromo-acrylic acid CHBr CH COjH [116°] 
From bromalide or from tn chloro ethylidene 
tn bromo lactate by reduction with Zn and HOI 
(Wallach, A 193, 55) Formed also by the 
addition of HBr to propiolio acid (Bandrowski, 
B 16, 2702 , Stolz, B 19, 540) Plates or 
needles, sol water and chloroform, explodes 
on heating 

Acryl colloids This name is applied by 
Wagner a Tollens ^ three bodies having the 
composition (CjH^Oj)® 

a Acryl colloid Is formed in the pre- 
paration of a bromo acrylic acid from afi-di- 
bromo propionic acid, especially when the action 
becomes violent Insol water, alcohol, and 
ether, sol NHgAq and not reppd by HCl 

3 Acryl CO ZZ Old IS formed when a-bromo- 
acrylic acid is left over H^SO^ It is a porous 
mass, sol NHgAq and reppd by HCl 

y Acryl colloid m formed with separation 
of EtBr, by heating ethyl a bromo acrylate 
Amorphous , msol NHjAq, but becoming 
gummy therein 

a3 Di-bromo acrylic acid CHBr CBr COjH 
[86°] 8 6 19 at 18° 

Formation —1 From muco bromic acid ana 
cold baryta water (Jackson a Hill, B 11, 1673 , 
Am 3, 111 , 4, 169, 273 , Hill a Andrews, P 
Am A 16, 192 , 17, 133) — 2 From alco- 
holic KOH and aa3 tn- bromo -propionic acid 
(Michael a Norton, Am 2, 18, Mauthner a 
Suida, Site B 83, 273 , M 1, 104) —3 From 
oi33 tn-bromo propiomo aoid and alcoholic KOH 
Properties — Pearly plates (from alcohol) 
Sol ether and chloroform, si sol benzene and 
CSr Boilmg baryta water forms bromo-aoetylena, 
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tH 


00„ formie, malonio, and bromo propioUo aoids 
Heated with Br in a sealed tube it forms tetra- 
bromo propionic acid 

Salts — AgA' slender needles — PbA', aq 
pearly plates, si sol cold water — BaA'2 S 

6 28 at 18^ — Ca Vj 3aq long needles — KA^ 

00 Di bromo acrylic acid CBrj CH CO^H 
[86°] S 3 06 at 20'^ From tn bromo succinic 
acid by heating with water (Fittig a Petri, A 
195, 70) Formed also by the union of HBr 
with biomo propiohc acid (Hill, B 12, 660 , 
Hill a Mabery, P Am A 16, 211) 

Properties ~ Large plates , boils with partial 
decomposition at 243'^~250° V e sol alcohol, 
and ether , m sol cold water Does not com 
bme with HBr in the cold Docs not combine 
with Br in the cold, but at 100° it forms tetra 
bromo propionic acid (Mabery a Robinson, Am 
6, 251) 

Salts — BaA^2 2aq S 12 64 — CaA'jO^aq 
Ethyl ether EtA' (213°) 
Tn-bromo-acrylio acid CBr CBr CO H 
[118°] S 1 37 at 20° From 0000 tetra bromo- 
propionic acid and alcoholic KOH at 60° 
(Mauthner a Suida, M 2, 109) Formed also 
by treating bromo propiohc acid with bromine 
water (Hill, Am 3, 178) , and from di bromo 
lodo acrylic acid and Br at 100° (Mabery a 
Lloyd, Am 4, 92) Monoclinic prisms, a b c 
- 502 1 559 (Melville, P Am A 17. 154) 
Triclimc pyramids, a 6 c = 1 128 1 1 150, «=» 
69° 13', 0 62° 26', 7 = 91° 14' (Becke, M 2, 111) 
V sol alcohol and ether Does not combine 
with bromine, even at 200° The Ba salt yields 
tn bromo ethylene when boiled with water 

Salts —BaA'jSaq —BaA'jSaq S (ofBaA'j) 
80 6 — CaA'2 3aq — AgA' 

BROMO ADIPIC ACID C,H^rO, From 
adipic acid and Br (1 mol ) at 160° (Gal a Gay 
Lussac, C B 70, 1175) Dark brown mass, 
smellmg like camphor , converted by boiling 
alkahs into adipomaho (or ozyadipio ?) acid 
{v p 64) 

(a) di-bromo-adipic acid CeHHBr^O, From 
adipic acid Br (2 mols ^ at 160° (G a G ) 
Powder , decomposed by water Water at 150° 
forms adipotartano (or di oxy adipic ?) acid 
(t? p 64) 

{ 0 ) - di - bromo adipic acid C^HgBrp^ 
nil5°-122°] Formed together with bromo 
hydromuconic acid, by the action of Br on a 
solution of hydromuconic acid (Limpncht, A 
166, 266) Needles Converted by moist Ag O 
or baryta into di oxy adipic acid 

(7) - di - bromo - adipic acid C^^Br^O^ 
[175°-190°] Formed by adding Br to a warm 
solution of hydromuconic acid in glacial HOAc 
(L ) Small needles Converted by moist Ag^O 
into muconio acid, and by sodium amalgam to 
hydromuconic acid 

Tn bromo adipic acid C^^BrjO^ [177°~180°] 
Formed by treating a hot solution of hydro- 
xnuconio acid with excess of Br (L ) Small 
needles Converted by boihng barj^a- water into 
tn-oxy-adipic acid. 

Tetra-bromo-adipio acid C,H,Br404 [211°] 
Formed by heating hydromuconic acid with Br 
and water at 100° Crystallme V si soL 
water, v soL aloohoL SL W 

BROXO JBSCTnUBTm MMOVhtiTait p 08. 


BROMO- ALPEHYBK v BaoKO-immo auia* 

ETDX 

BBOMO- ALI ZA Riy v Bbomo di-oxt-anthba 

QTTINONE 

DI BROMO DIALLYL v D% Bbomo SExm- 

ENB 

BBOMO ALLYC. ACETATE C,/i,BrOAc xe 
CHBr CH CH2 0 Ac (?) (164°) S G ^2 1 57 

From bromo allyl bromide (/3-epidibromhydrin) 
and alcoholic KOAo (Hepry, B 5, 453) 1 ra- 

grant liquid , not attacked by PCI, H W 
a BROMO ALLYL ALCOHOL C.H,BrO i e 
CH^ CBr CHjOH (152°) From a bromo allyl 
bromide (a epvdibromhydrm) and water at 130° 
(Henry, B 14, 403) Liquid, converted by 
aqueous KOH into propargyl alcohol 

0 Bromo-allyl alcohol CHBr CH CH,OH(?) 
(155°) S G 1 6 From 0 bromo allyl acetate 
{v sup ) by distillation-with solid NaOH (Henry, 
B 5, 453) Is perhaps identical with the pre- 
ceding 

DI BROMO DI ALLYL AMINE C^H^Br^N t e 
(CsHjBr) NH From s tn bromo propane (tn 
bromhydrm) and alcoholic NH, at 100^ (Max 
well Simpson, P M [4] 16, 257) Also from 
bromo allyl bromide and alcoholic NH3 (Reboul, 
A Suppl 1, 232) Alkaline liquid, v si sol 
water Converted by alcoholic NH, at 250° mto 
methyl pvridine — B'jH PtCl„ — B'HgCljo 

BROMO ALLYL BROMIDE v Di bbomo- 

PBOPYLFNE 

BROMO ALLYLENE v Propargyl bromide 
Bromo diallylene v Hexonyl bromide 
BROMO ALLYL ETHYL OXIDE v Ethyl 
bbomo allyl oxide 

BROMO ALLYL NITRATE 
CHBr CH CH« 0 NO2 (*>) (140°-150°) SG « 
1 5 From 0 bromo allyl bromide and AgNO, 
(Henry, R 5,452) 

BROMO ALLYL OXIDE C^Br^O xe 
(CHBr CH CH )„0 (?) Bfomo allyl ether (0 
214°) S G 1 7 Formed together with prop 
argyl alcohol from 0 bromo allyl alcohol and 
solid KOH (Henrv, B 6, 729) 

BROMO ALLYL THIO-CABBIMIDE 
CgH^BrN CS (c 200°) From bromo allyl 
bromide and alcoholic potassium sulpho- 
cyanide (Henry, B 5, 188) 

BROMO-ALLYL-THIO-UBEA 
(C,H4Br)NH CS NH2 [111°] From the pre- 
ceding and ammonia (H ) 

TRI-BROMO-ALOlN v Aloin, p 141 
BROMO-AMIDO-ACETOFHENONE 
[5 2 1] C,H,Br(NH2) CO CH, 

Acetyl derivative 

CeH3Br(NHAc) CO CH, [160°] Obtained by 
bromination of acetyl 0 amido acetophenone in 
acetic acid solution (Baeyer a Bloem, B 17, 
965) Slender felted colourless needles, sol hot, 
si sol cold, alcohol , v si sol cold water By 
KMnO^ it 18 oxidised to bromo isatin [255°]. 
By boiling with KOH it yields bromo indigo 
wtam Tn bromo o amido acetophenone [5 2 1] 
C,H,Br(NH2) CO CHBr, [c 145°] Fine felted 
orange yellow needles V sol alcohol and ether, 
b 1 sol water Obtamed by saponification of the 
acetyl derivative by boiling it with a mixture of 
alcohol and aqueous HBr 
Acetyl derivative 

0,H,Br(NHAc) CO CHBr. ri86°3, yellowish 
granular orystaU, y eol 6moroform« il loL 
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ftleohoL Formed bj the action of bromme 
vapour on dry aoetyl-o amido acetophenone 
mixed with a little iodine By boiling with HOI 
it yields o» di chloro m bromo o-amido acetophe- 
none By KMnO, it is oxidised to bromo isatin 
By boilmg with dilute NaOH and exposure to 
the air it gi\^s bromo mdigo (Baeyer a Bloem, B 
17, 966) 

Dl BEOMO-AMIBO ANIHEAQTJINONE 


O, .H,Br2(NH,)0, [170° uncorr ] Prepared by 

reduction of dibromo mtro anthraqumone with 


stannous chloride (Claus a Diernfellner, B 14, 


1S34) Slender red needles SI sol all solvents 
Has no basic properties 


BEOMO AMIBO BENZENE v Bbomo ani 


LINE 

(1, S, 4) BEOMO AMIDO BENZENE SBL- 
PHONIC ACID CABrNSO, i « 
C,H,Br(NH,)SO,H [12^ Bromo aniline sul 
vJurnic acid S 1 4*^ at 11° (S ) , 2 61 at 20° 
(A ) , 1 31 at 4° (La ) 

Formation — 1 By reduction of (1, 2, 4) bro 
mo nitro benzene sulphonio acid (Goslich, A 
180, 100) —2 By sulphonation of o bromo am 
hne (Andrews, B 13, 2126) —3 From bromo 
benzene p sulphonio acid by nitration and re 
duction — 4 From very dilute aqueous amido- 
benzene m sulphonio acid and bromine water 
(Langfarth,^ 191,176) -6 From (1, 3, 4. 6) di 
biomo m amido benzene sul phonic acid, fuming 
HOI, and red P at 150° (Limpncht, B 10, 1542) 
6 By heating the same acid with water at 250° 

(L) 

Properties — Anhydrous needles (from cone 
aqueous solution) or four and six sided columns 
containing aq (from dilute solution) SI sol 
alcohol Eeduced by HI and P, or by water at 
120°, to amido benzene m sulphonio acid 

Salts —KA'liaq (La ) — KA' aq (Spicgelbcrg, 
A 197,257)— BaA',aq—BaA,3aq S (ofBaA',) 
6 22 at 17° — PbA's — CaA'j2aq — AgA' Ijaq 
(1, 4, 3) Bromo-amido-benzene sulphonio acid 
C,H,Br(NH,)SO,H [14 3] S 47 at 15° 

Formation —1 By heating p bromo aniline 
ethyl sulphate (NSlting, B 8, 1095) — 2 By 
adding bromme to a cold aqueous solution of 
barium aniline o sulphonate (Limpncht, A 181, 
196) — 3 By nitration and reduction of bromo 
benzene m sulphonio acid (Thomas, A 186, 126) 
4 From acetyl p bromo aniline and fuming 
H,S04 (Borns, A 187, 368) 

Properties —Slender silky needles (contain- 
ing aq) or large efflorescent pnsms (with 2 aq) 
SI sol cold water, v si sol alcohol Converted 
by Br into tri bromo aniline HI and P form 
anilme o sulphonio acid 

Salts — NH,A' — KA' — BaA',aq — CaA,aq 
— PbA'j2aq 

(l,4,2)-Bromo-amido-ben*ene sulphonio acid 
0,H,Br(NH.)SO,H [14 2] S 1 14 at 18° From 
bromo ^nzene o sulphonio acid by nitration 
and reduction (Bahbmann, A 181, 203 , 186, 
818) Needles (from oono aqueous solutions) 
or rhombohedra (?) oontammg 2aq (from dilute 
aqueous solution) , v sol hot water, insol alco- 
hol and ether Keduoed by HI and P to aniline 
m sulphonio aoid Salts — BaA', 2aq - needles, 
Y. e sol. water — PbA', — AgA' 

Bromo amido^benieno sulphonio aoid 
C,By8r(NH,)(SO^) [1 « 2] S 74 at 8° 
Formed in smaller quantity m the preparation 
VoIm L 


of the preceding (B ) Prisms , si sol, ool4 
water — BaA'^jcaq lamincs, v sol water 
Bromo-anudo-bensene sulphonio aoid 
0,H,Br(NH,)(SO,H) [1 8 x] From acetyl m, 
bromo anilme and fuming H3SO4 (Boms, B 8, 
1072) Needles — BaA'^ 2aq 

(1,2,3, 6)-Bronio- amido -bensene dlsulpbonU 
acid C«ByBr(NHj)(SO,H), [1 2 3 5] Formed 
by bromination of (1,2,4) amido benzene disul 
phonic acid (Zander, A 198, 1) Needles (con- 
taming aq) , v sol water, si sol alcohol 

Salts —The acid salts are less soluble than 
the normal ones — (NH,)^A"2aq — BaA"8aq — 
BaH^"j6aq — PbH^A'' 5aq — K A"2aq 
Bromo-amido-benzene disnlphonio acid 
C«H2Br(NH,)(SO,H), [1 4 3 5] or [4 1 8 5] 
or [2 1 3 6] Formed by adding bromine to an 
aqueous solution of (1 or 4, 3, 6) amido benzene 
disulphonio aoid (Hemzelmann, A 188, 179) 
Prisms (containing 2^aq) , v e soL water — 
BaA"8aq — PbA"3aq 

Bromo-di-amido-benzene snlpbonie aoid 
C„H,Br(NH,),SO.H[l 2 6 4] Brom^mphenyU 
cne diamine sulphonic acid S 51 at 17° 
Got by reducing C„Brj(NO )^S03H with SnCl, 
(Bassmann, A 191, 244) Long white needles 
(containing aq), turns yellow in air When 
pure it IS si sol water, when impure it is very 
soluble Insol alcohol Paper moistened with 
its solution turns red m air The aqueous 
solutions of its salts turn blue or red when 
evaporated Converted by diazo reaction into 
p bromo benzene sulphonic acid — BaA 2 aq 
(1,3, 2, 5) Di-bromo-amido-benzene sulphonio 
acid C«H2Br,(NH2)(S03H) [1 3 2 5] Formed 
by adding bromine to an aqueous solution of 
aniline p sulphonio acid (Schmitt, A 120, 138 , 
Lenz, B 8, 1066 , A 181, 24) Formed also by 
brominatmg (1,2,4,) amido benzene disulphonio 
acid (Zander, A 198, 16) Needles or prisma 
(containmg 2aq) , v sol water and hot alcohol , 
ppd by cone H^SO^ from its aqueous solution 
Br forms tri bromo aniline — BaA'j 2aq — 
BaA'jS^aq S (of BaA'j) 16 at 11° — PbA'*2aq. 
— AgA' ^ 

Reactions — PCI5 forms a product (probably 
C H3r,(NHPOCL)SO,Cl) from which alcohol 
produces C,H^r(SO,Cl)NHPO(OEt). [170°} 
(Laar, J pr 128, 256) 7 also di-iibthti.- 

AMIDO DEN7ENB SULPHONIO ACID 

(1,3 4,6)-Di-bromo-amido-benzen® inlphonic 
acid CH^r,(NH,)S03H [1 3 4 6] S 252 at 
10°, 249 at 7°, 194 at 4° (Berndsen, ^ 177, 
81, Beckurts, .4 181,213, Remke, u4 186,286; 
Knuth, A 186, 301, Langfurth, A 191, 180, 
Bassmann, A 191, 229, 238, Spiegelberg, A. 
197, 266) 

Foruiatwn — 1 From amido benzene m sul- 
phonic acid and bromme — 2 From (1, 2, 4)- 
bromo amido benzene sulphonio acid and Br — 

3 From the corresponding CttBL^Br^(N02)S03H — 

4 From (1,3, 5, 2, 6) tnbromo mtro benzene sul- 
phonic acid, Sn, and HCl —6 From tnbromo- 
amido benzene sulphonio acid by treating with 
water at 150°, or by treating with Sn and HCl 

Properties — Needles (from hot water) , bL 
sol water, insol alcohol 

Beactwns — 1 Water at 250° forms o-bromo* 
anihne snlphomo acid and amline m-siilphoni« 
acid —2 Duuto- reaction gives (l,8,4)-di-bromo 
benzene sqlphonio acid. — S» Warmed witti 

N N 
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BROMO-AMIDO-BENZENE SULPHONIO ACID, 


iirong alcohol and KNO, a yellow crystalline 
body, possibly C,H^r»(SO,H) 0,H.^r^O,K. 
IS formed Heated m sealed tubes with alcohol, 
it splits up mto dibromo benzene sulphomo acid 
and amido- dibromo benzene sulphomo acid 
(Bassmann) 

Salts -BaA',6aq S (of BaA',) 2 99 at 7°, 
812 at 9°, 39 at 23° — KA'aq — NH^' — 
CaA'/2aq— CaA'jSaq— PbA'j S 2 9 at 22 6° 

(1.2.4.5) >l)i-broni(Haniido>benzene sulphonic 
acid C^;Br,(NH 2 )(SO,H) [1 2 4 5] S 109 at 
10° , 168 at 24° From (1,2,4) di bromo ben- 
zene sulphomo acid by nitration and reduction 
(Spiegelberg, A 197, 279) Trimetric tables , 
V bL sol alcohol — NH^A' aq — KA' 2aq — 
BaA', aq S (ofBaA'J 67at 11° — PbA'jSq 8 
(of PbA',) 11 at 11° — CaA'^ 3aq — CaA'j 4aq — 
AgA' S 063 at 11° 

(1.3.4.5) -l)i-bromo-aniido-benzene sulphomc 
aold C,H^r,(NH,)(SO,H) [1 3 4 6] S 3 13 at 
10 5° From amido benzene o sulphonic acid 
by bromination (Limpncht, A 181, 198, B 8, 
1429), or from (1,3,6) di bromo benzene sul- 
phonic acid by nitration and reduction (Lenz, 
A 181, 86) Tnmetnc tables (anhydrous) or 

4 sided prisms (with aq) Converted by Br into 
tn bromo aniline 

Salts— KA'aq — NaA'aq S (of NaA') 3 7 
at 12° — BaA'j 14aq S (of BaA',) 20 at 11° — 
PbA'.aq 

Di>bromo-amido-benzene sulphomo acid 
C,H^r 2 (NH 2 )(SO,H) [1 4 2? 6] S 62 at 10 6° 
From (1,4,2) di bromo benzene sulphonic acid 
by nitration and reduction (Boms, A 187, 362) 
Needles or pnsms — KA', — BaA' 2 aq 

Di'bromo-amido beuzeue disulphomo acid 
C,HBr,(NH,)(SO,H), [14 37 2 6?] From p di 
bromo benzene disulphonic acid b) nitration and 
reduction (Boras, A 187, 857) Crystals, v 
sol water — K^A" — BaA" 

Di-bromo-amido-benzene di sulphonic acid 
C,HBr,(NH 2 )(SO,H) 2 , [1 4or6 2 3 6] From 

(1,2, 4) -amido benzene disulphonic acid and Br 
(Heinzelmann^ A 188, 182) Prisms (contain 
ing 4aq), v sol water —JNHJjA" — K^A" — 
BaA"8aq— PbA"8aq 

Bi bromo di-amido-benzene sulphomc acid 

C„HBr 2 (NH 2 ) 2 SO,H [1 3 2 6 4] One of the pro 
ducts of the reduction of CrtBr,(NH 2 ) 2 SO,H 
(Bassmann, A 191, 244, 248) Tablets (contain 
mg aq), v si sol water 

Tri-bromo amido benzene sulphonic acid 
C«HBr,(NH 2 )SO,H, [1 3 6 4 6] S 13 7 at 14° 
15 6 at 7° (B ) 

Formation — 1 From amido benzene m sul 
phonic acid and Br (Berndsen, A 177, 86) —2 
From the corresponding nitro acid, by Sn and 
HCl, some di bromo amido benzene sulphomo 
acid being also formed (Bencke, A 186, 282, 
Knuth, A 186, 298 , Langfurth, A 191, 198) — 

5 From (1,2, 4) bromo amido benzene sulphomo 
acid by bromination (Spiegelberg, A 197, 276) 

Properties — Thin needles (containing aq) 
8ol cold uater and alcohol Heated with water 
at 146° It becomes 

Salts — BaA'j 9aq S (dry) 43 at 7° (L ), 
34at8°{Ba8Bmann, A 191, 221) —KA'aq 936 
at 4° (B ) — PbA '2 9aq 8 (of PbA',) 73 at 14° 

Tri bromo anddo-benzene sulphonio acid 
0,HBr,(NH )(SO,H) [1 2 B 4 6] From (1, 2, 3, 6) 
ill bromo-beazene sulphomo acid by miration 


and redaction (Lenz, A 181, 43} Tufts of slon 
der needles (contaimng aq), v sol water and 95 
p 0. alcohol — BaA'j l|aq 

Tri bromo-amido-benzeno sulphonio acid 
C.HBr,(NH 2 )(SO,H) [1 2 5 6 4] From the cor- 
responding mtro acid (Spiegelberg, A 197, 288) 
Long pnsms (contammg l^aq) ft slender 
needles (with aq) V sol water and alcohol — 
KA'aq S (of KA') 2 09 at 1° — NH,A' — 
CaA'jSiaq — BaA'j S 096 at 1°— PbA'j2aq 
S 40at3 6°— AgA'^aq S (ofAgA'l 46 at 10° 
Tn bromo di amido benzene sulpnonio acid 
CaBr,(NH 2 ) 2 SO,H [1 3 6 2 4 6] A product of 
reduction of CgBr5(N02)2S0,H (Bassmann, A 
191, 249}.— BaAjl^aq 

Tetra bromo amido benzene sulphonio acid 
C«Br,(NH 2 )SO,H [1 2 3 6 4 6] S 2 26 •at 11° 
(Beckurts, A 181, 223) Got by reducing 
CaBr^(NOJSO,H with ^n and HCl, not allowing 
the temperature to nse t^ 100°, or Brj will be 
displaced by H, Needles (contaimng 2aq) V 
sol alcohol and water 

Salts — (Langfurth, A 191, 204) BaA',aq 
S (of BaA',) 4 at 10° -CaA', 7aq, KA' l^aq 
S (of KA') 1 71 at 16° 

Tetra bromo amido benzene sulphonio acid 

C„Br,(NH,)(SO,H) [1 2 3 4 6 6] S 03 at 11° 
From the mtro acid (Spiegelberg, A 197, 302) 
Needles (containing 2aq) V sol alcohol — 
KAaq S (of KA') 106 at 11° — CaA', 2aq S 
(of CaA',) 107 at 11 6° — BaA',aq S (of BaA',) 
0166 at 11 6° 

(a) BROMO 0 AMIDO - BENZOIC ACID 

C«H8Br(NH )CO^H [1 2 3] Bromo anthramlic 
acid [170°] From the corresponding nitro- 
compound by 8n and HCl (Hubner, A 222, 104 , 
cf A 143, 244 , 149, 184) Needles , m sol 
water Sodium amalgam reduces it to o-amido 
benzoic acid [144°] Nitrous acid forms the diazo 
derivative C,H,BrCO^ N, NH C,H,BrCO ^ — 
Salts — AgA' — BaA'gSq — CuA', 

Acetyl derivative 

C«H8Br(NHAc)(CO,H) [1? 2 3]? [216°] Obtained 
by brominating acetyl-o amido benzoic acid 
(Jackson, B 14, 879) 

(/3) Bromo-o amido benzoio aoid Bromo an^^ 
thranilicactd C,H,Br(NH 2 )CO,H [1 4 3] [208°] 
Formation —1 By reducing (1, 4, 3) bromo 
mtro benzoic acid (Hubner, Ohly a Phihpp, A 
143, 242 , Meeker, Hubner a Petennann, A 
149, 133) — 2 By boihng bromo isatoic acid 
with cone HCl (Borsch, J pr [2] 33, 86) 

Properties — V sol acetone, sol alcohol, 
ether, chloroform, benzene, and glacial acetic 
acid, si sol boiling water Sodium amalgam 
reduces it to o amido benzoic acid [144°] 

Salts — BaA'24aq needles, v sol water 
Amide C,H,Br(NH 5 )CO NH^ [177°] From 
bromo isatoic acid and NHjAq Flat needles V 
sol alcohol, acetone and glacial acetic acid, m. 
sol water and benzene Insol ether 
(l,2,4)-Bromo-m-amido-beuzoic aoid 
0,H,Br(NHa)00^ [1 2 4] [226°] By re- 

ducing the mtro- acid by Sn and HCl Small 
colourless needles (from water), becomes reddish 
in air (Hiibner, A 222, 179, Burghard, B 8, 
668 , Haveill, B 10, 1707) Beduced by sodium- 
amalgam to m amido benzoio acid — HA'HCL» 
CuA',— PbA'^ 

(l,8,6)-Bromo-m-ainido-benioio aoid 
CABr(NB[a)CX),H [1 8 5] [216°] From iii« 



BROMO-AmiX)-(a).NAPHTHOQUmONE-IMmfi. m 


eomspondfng tilfro aoid by Sn and HOI (Hese- 
mann a Kdhler, A 222, 169) Needles (from alco- 
hol) Turns red m light Salts — HAISCL — 
<HA%H,80, — BaA's^aq — CaA',6iaq 
(1,4,2) Bromo m-amido-bensoie ‘acid 
C,H,Br{NH 2 )CO,H [14 2] [180°] From 

(1,4,2) bromo nitro benzoic acid, Sn, and glacial 
HOAc (Burghard, B 8, 660) Flat needles (Smith, 
B 10, 1706) 

(1,2,4, 5)-Di-bromo-o-amido-beiizoio acid 
C8H*Br,(NHj) CO,H [1 2or6 6 4] Di bromo- 
anthramhc acid [226°-228°] 

Formation — 1 Fromdi bromo mtro benzoic 
acid (Smith, B 10, 1706) — 2 From o nitro 
toluene and bromine at 170° (Wachendorff, A 
186, 281 , Gneff, B 13, 288) — 3 From isatoio 
acid (f t> ) and bromine (Dorsch, J pr [2] 33, 37) 
Properties — Clumps of needles (from alco 
hoi) Long needles (when sublimed) Sol alcohol, 
acetone and glacial ^cftic acid, si sol chloro 
.form, benzene, ether, and water 

Amide C.H^rJNH )CO NH^ [197°] 
Pearly tablets (from alcohol acetone) Formed 
from di bromo isatoic acid and NH„Aq at 100’ 
Di-bromo-o amido-benzoic acid 
C,H^r,(NHJCO,H [1 2or6 6 4]? Ih bromo 
antliramlic acid [22o°] 8 1 , S (alcohol) 

2 From the nitro acid by reduction (Hubner, 
A 222, 189) Colourless needles Reduced by 
Bodiuih amalgam to o amido benzoic acid — 
BaA '2 4aq — CaA'ji^aq — SrA'j2aq — CuA'j 
This acid is probably identical with the pre 
ceding 

(1 3,4,5) Bi bromo-o-amido-benzoio acid 
C,H2Br2(NHj)C02H [1 3 4 6] Di bromo an- 
thranilic amd [225°] S 1 , S (HOAc) 3 
By reduction of the nitro- acid by Sn and HCl 
(Hesemann a K6hler, A 222, 175) Reduced 
by sodium amalgam to o amido benzoic acid 
Needles (from akjohol) — BaA', 4aq — CaA', 4aq 
— CuA'j 

( 1 , 3, 6, 4)-l>i- bromo-o-amido-benBoio acid 
C^H 2 Br 2 (NHj)(CO^H) Di bromo -anthramlic 
acid [196°] From benzoic acid by bromina 
tion, nitration, and reduction (Angerstem, A 
158, 16) Needles (from dilute alcohol) Reduced 
by sodium-amalgam to o amido benzoic acid 
Di-bromo-jp amido-benzoic acid 
C„H,Br2(NH2)C02H [1 3 2 6] Obtained by 
adding bromine water to an acidified solution of 
p amido benzoic acid (Beilstein a Geitner, Z 
[2] 1, 606 , A 139,1) keedles (from alcohol) — 
NH^A' 2aq — NaA' 5aq —CaA', 6aq — BaA', 4aq 
Tri-bromo o amido bensoio acid 
C«HBr,(NH,)CO,H [12x46] Tr% bromo- 
anthranxlic acid [c 119°] From isatoic acid 
and bromine (Dorsch, J pr [2] 33, 37) 

Properties — Slender needles May be sub 
limed Very soluble in glacial acetic acid, 
alcohol and acetone, sol ether and chloroform, 
less soluble in benzene, si sol hot water 
Tri bromo m-amido bensoio acid 
C,HBr,(NH 2 )CO,H [1 3 5 4 6] [170°] From 

in amido benzoic amd and bromine water (Beil 
stem a- Geitner, Z [2] 1, 606 , A 139, 6 , VolU 
brecht, B 10, 1708) Needles, m sol hot 
water On dry distillation it gives tn-bromo- 
aniline — NaA' 4aq — BaA', 6aq 
Tri bromo di amido-bensoio aoid 
O^r,(NH,),(0O,H) [1 8 6 2 4 6] From $ di- 
amido benzoio acid and bromine water (Griess, 


A 154, 832) Long needles (from dilute aldo* 
hoi) SL sol cold water — ^AgA'* 

Tetra bromo o-amido benzoto aoid 
0,Br^(NH,)C02H [1 2 3 4 5 6] [115°] Prom 
isatoic acid and excess of Br (in glacial acetio 
acid) (Dorsch, J pr [2] 83, 88) \^ite needles 
At 100° it sublimes m long slender needles 
BEOKO.AHIBO-HYBBOCABBOBTTEII. v 
p 164 

BBOHO - AmDO - HTBBOCINNAHIO ACID 

V BboMO amido $ PHPNTD PROPIONIC AOID 

BBOMO AMIDO KAPHTHALEBS v Bbomo 

MAPHTHYLAMINF 

BEOHO-AMIDO-NAPHTHOIC ANHYDBIDE 



thostyril [257°] By reduction of bromo nitro 
(a) naphthoic acid with FeSO, and aqueous NH, 
and ppn with acetic acid the amido acid is 
obtained, and by boiling with alcohol it is con 
verted into the anhydride, which crystallises out 
on cooling in brown needles (Ekstrand, B 19, 
1136) 

Di-bromo-amido-naphthoie anhydride 

XO 

Cu,H,Br,\ I Di bromo naphthostyril [270°] 

\nh 


Prepared by heating amido naphthoic anhydride 
^CO 






suspended m water with a large 


•d\ I 
\NH 

excess of bromine Yellow needles (from alcohol) 
M sol hot acetic acid 

Acetyl derivative C„H-ONBr,Ao [185°], 
small yellow needles (Ekstrand, B 19, 1136) 

BBOMO-AMlDO-(a).KAPHTHOaUINONE 

C.H.<C0CB^r“'^ Fojmed by boihng 


bromo amido (a) naphthoquinone imide 
CO C(NH,) 

|] with dilute acids Orange 
\C(NH) CBr 

silky needles Subhmable By boiling with 
dilute alkalis it IS converted mto bromo-oxy (a)- 
naphthoquinone 

Acetyl derivative [137°], sulphur- 
yellow needles (Zincke a Gerland, B 20, 1514) 

BBOMO • AMIDO - (a) - NAPHTHOQUINONE • 

XO— C(NH,) 

IMIDE C.H,< II . [200°] Obtained 
\0(NH) CBr 

by adding bromine (5 c o ) to di amido (o) naph- 
thol or its stanno chloride (10 g ) suspended in 
acetic acid Orange yellow needles (from alco- 
hol) V sol hot alcohol and hot benzene By 
SnCl, it IS reduced to bromo di amido (a).naph- 
thol By boiling with dilute acids it is con 
verted into bromo amido (o) naphthoquinone 
XO C(NHJ 

H . By boiling with dilute NaOH 
\CO CBr 


it IS converted into bromo oxy naphthoquinone- 
XO — C(OH) 

imide 0,H4 H • The latter body 

\C(NH) CBt 


B K 3 
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BROMO-AMIDO-(a)-NAPHTHOQUINONE-I3nDl!: 


when treated with cone HCl or alcoholic NaOH 
k converted into bromo oxy naphthoquinone 

0,H4 <^qq which 18 also formed by boil- 

ing the bromo amido naphthoquinone with dilute 
alkalis (Zincke a Gerland, B 20, 1610) 
BBOMO-o AUIDO-PHENOL 
C,H,Br(NH2)(OH) [1 3 4] [128°] Formed by 

reducing bromo mtro phenol with Sn and HCl 
(F Schutt, J" pr [2] 32, 61) Thin plates (from 
CSJ Needles (from alcohol) Sol ether, benz 
ene, hot water, and hot chloroform Fe^Cl, 
turns the aqueous solution cherry red 

Salts — B'HCl’^ Very soluble plates — 
B^HBr>^ CrjstaUises very easily — B' Hj,SO, 
Acetyl derivative C,Hj(OH)(NHAc)Br 
[178 ] Plates or needles (from water) 

Methyl ether C,H,Br(NH )(OMe) [98^] 
From the nitro compound, Sn and HCl (Staedel, 
A 217, 59) Plates (from benzene) V sol 
benzene, ether or hot alcohol, insol water 
Salts - B'HCl— B'AhO, -B'^H CA 

Ethyl ether [57°] Broad needles (from 
alcohol) V sol benzene, alcohol or ether 
baits — B'HCl — B — B'Jl C 0^ 

£romo-m-amido-phenol CaH5Br(NHJOH 
[xld] Ethyl ether C«H,I^r(NH,)OEt Liquid, 
V sol alcohol and ether, v si sol water The 
hydrochloride, sulphate, and oxalate crystallise 
m white plates C,H3Br(OEt)NH„ HCl. SnCl, 
(Lindner, B 18, 612) 

Bromo p amido phenol 

C,H8Br(NH,)(^OH) [1 3 6] [168°] Prepared 

by reducing bromo nitro phenol, or its benzyl 
derivative, by Sn and HCl (0 Holz, J pr [2] 
32, 65) Short needles (from dilute alcohol) 
Sol ether, benzene, and chloroform, si sol cold 
water 

Salts — BTICI silvery plates — 
(B',HCl),SnCl2 — BUBr 

Acetyl derivative CA3(^H)(NHAc)Br 
[167°] Thick needles (from hot water) Solu 
ble in alkalis 

Methyl ether 

From the mtro compound, §n and HCl (Staedel, 
A 217, 68) Oil Insol water, v sol benzene, 
alcohol, or ether B'HCL — B'2H^804 — B'2H2Cj04 
Ethyl ether 

From the mtro compound, Sn and HCl Oil 
B'HCl — B'AC,04 

Di bromo-o-anddo phenol 

[1 3 5 6] [92°] Formed 

byreduemg di bromo o mtrophenol (H6lz, J pr 
[2] 32, 69) Slender yellow needles (from dilute 
alcohol) Sparingly soluble in water, v sol 
alcohol, ether, benzene, and chloroform 

Salts — B'HCl plates — (B'HCl),SnCl, 
needles.— B'HBr needles 

Acetyl derivative C,H[2(0®^)(NHAc)Br^ 
[186°] Yellowish needles (from hot water) 
Sol alkalis 

Methyl ether CyHiBr2(NA)(OMe) From 
the mtro- compound by Sn and HCl (Staedel, 
A 217, 63) Oil Sol alcohol, ether, or dilute 
acids, insol cold water, si sol hot water 
B'HCl —B'jH SO4 [177°] — B'jH.Cp^ 

Ethyl ether C4H.;Br2(NH,)(OEt) [92°] 
Quadratic crystals (from alcohol) V sol alco- 
hol or ether - B'HCL— B3H2SO4 —B^jH^tC A 
J)i bromo-o-amido-phenol 
Ethyl ether C4H^r3(NHJOEt [1 3 4 5]? 


[63°] 0- Amido phenetol, 0*H4(NH. )OEt flOg ), i8 
boiled with glacial acetic acid (100 g ) and oromine 
(11 7 g ) The product is poured into water and 
the oil that separates is distilled with steam and 
recrystal Iised from alcohol Glittering prisms 
grouped m tufts Besembles di bromo 0 tolui- 
dine in being but feebly basic (Mdhlatt a Oehmi- 
chen J pr 132, 479) ^ 

Di bromo m amido phenol 
Ethyl ether CABr2(NH )OEt From 
the mtro compound Oil The hydrochloride, 
sulphate, and oxalate crystallise in needles — 
C H2Br,(0Et)NH„HCl,SnCl, glistening plates 
(Lindner, B 18, 613) 

Di bromo p amido phenol 
C,HBrAH2)OH [1 3 5 2] [180°] (M a B ) , 

[190°] (L a G ) Formed by reducing the 
mtro compound (Mohlau, B 16, 2845 , Holz, 
J pr [2J 32 67 , Mohlau a Bohmer, J pr [2] 
24, 470 , Lellmann a Grroyimann, B 17, 2731) 
Formed also by reducing di brominated p diazo 
phenol (q v) with tm and HCl (BShmer, J pr 
132, 469) 

CABL<n +2H, = C,H;Br,(OH)NA + NH, 

Properties — Ppd by NaHCO, from solution 
of its hydrochloride as microscopically small 
needles grouped in tufts Turns blue in air 
SI sol other, v sol alcohol, m sol hot water 
Salts — B'HCl glittering plites — 
(B'HCl),SnCl -B'HBr 

Reactions — When N^Og is passed mto an 
alcoholic solution of its hydrochloride, yellow 
crystals of diazo dibromo phenol {q v ) are ob- 
tained, but this body is isoinenc with that by the 
reduction of which the dibromo amido phenol 
was prepared An * intra molecular change * 
must therefoie have occurred somewhere 

Acetyl derivative C^H Br^(NHAc)(OH) 
[174°] Glittering plates (from dilute alcohol) 
Methyl ether From the mtro compound 
[127°], Sn, and HCl White porcelain like mass 
Extremely sol ether, benzene, or alcohol (Stae- 
del, A 217, 70 , Staedel a Damm, B 11, 1749) 
Salts —B'HCl -B'ASO, — B'ACA [195°] 
Ethyl ether [67°] Needles (from alco- 
hol) V sol alcohol, ether, or benzene Salts — 
B'HCl — B'2H,S04 — B',H2C,04 
Tri bromo-o amido phenol 
Ethyl ether C,HBr,(NH2)OEt [1 3 456]? 
[77°] From amido phenetol (6 g ), glacial acetic 
acid (60 g ) and bromine (17 6 g ) The product 
18 poured into water, and the pp crystallised 
from alcohol Long silky needles Nearly 
insol boiling oono HCl It is totally decom 
posed when heated to a temperature a littla 
above its melting pomt 

Tri-bromo m amido-pbenol 
C.HBr,(NA) OH [1 8 6 2 6] [115°] Formed 

by reduction of tn bromo m mtro phenol (Dao- 
como, B 18, 1168) Colourless silky needles. 
Sol alcohol, ether, benzene, and hot, si sol. 
cold, water FcjCl, gives a green colouration 
Ethyl ether C4HBr,(NH,)0Et Solid, v 
sol alcohol and ether, si sol water — B'HCl • 
white needles, sol alcohol — B'jAS 04 white 

needles, sol alcohol — B'HClSnOla white 
needles (Lindner, B 18, 614) 

BBOMO AMIDO DlFHEim.. 

Acetyl derivative 0,^gBrNHAo [247°]. 
From Br and p amido diphenyl in glacial 
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BOAxs (HUbner, A 209, 845) Needles (from 
Alcohol) 

Di-bromo-di amide diphenyl 0,2HJBr2(NB[3)2 
[89°] From di bromo di nitro-diphenyl by Sn 
and HCl (Fittig, A 132, 207) Insol water — 
B"2HC1 

Di bromo di amxdo diphenyl 
[2 i 1] C^,Br(NH ) C«H,Br(NH,) [1 2 4] Di 
bromo benzidine [152°] Obtained from [3 1] 
G^H^Br NH NH CyH^Brt[l 8] and HCl (G-abriel, 
B 9, 1407) Trimetrio crystals, m sol cold 
alcohol— B"2HC1 -B"HPtCla 

Di bromo di amido diphenyl C, HrfBr 2 (NH 2)2 
[1 5 2]^ [108°corr] Small plates Formed by the 
action of an alcoholic solution of SnClj and 
H^SO^ on p bromo benzene p azo bromo benz 
ene Treated with nitrous acid in alcoholic 
Bolutibn it gives an aziinido body C, 2 H 7 N 3 Brj 
which forma glistening violet needles, [206°], 
si sol alcohol (Schultz^ B 17,465) 

Tetra bromo di amioo diphenyl CijHsBr^Nj 
Tetra bromo benzidine [286°] Prepared by 
biomination of benzidine (Claus a Eisler, B 
14, 86) Slender colourless needles Sol alco 
hoi, ether, CS , CgHg, insol water and acids 
BROMO-AMIDO-PHENYL-ACETIC ACID 
C«H 3 (Br)(NH )(CH^C02H)[1 2 5] [136°] Formed 
by saponification of the acetyl derivative of its 
nitrile, or by brommation and saponification of 
the Ei^etyl derivative of p amido phenyl acetic 
acid (Gabriel, B 15, 840) Colourless plates 
Sol alcohol and ether, insol CS, 

Acetyl derivative [165°] 

NitrxleC H 3 (Br)(NH,)(CH 2 CN) Acetyl de^ 
rtvahve C,H,Br(NHAo)(CH 2 CN) [129°1 Long 
colourless needles Sol alcohol, si sol cold 
water Formed by brommation of the acetyl 
derivative oi p amido phenyl acetonitrile (Ga 
bnel, B 15, 840) 

Br-mo amido-phenyl-acetio acid 
C,H 3 BrfNH,)CH; CO,H [1 2 or 6 4] [134®] 

From the nitro compound [114®] by Sn and 
HCl (P P Bedson, C J 87, 981 Silky needles 
(from water) Sol alcohol and CHCl, SL sol 
ether — B HCl aq turns red in air 
(a) Bromo sunido.phenyl-aeetio acid 
C,H,Br(NH2)CH2C02H [167°] From the 
nitro acid [169°] by Sn and HCl (Bedson) 
White needles (from water), reddens m air 
Sol alcohol and chloroform, si sol ether 

Salt — B'HClaq white needles (from water) 
(/9) Bromo amido-phenyl-acetio acid 
C;Ei,Br(NH,)CH, COjH [186°] From the nitro- 
acid [162®] by Sn and HCl (Bedson) The hydro 
chloride is less soluble in water than those of 
the two preceding bodies. 

(1 8, 2, 5) Bromo-di-amido-phenyl-acetio acid 
C«H,(Br)(NH,),CH2COj^ [13 2 5] [o 200®] 
Long colourless needles Formed by reduction 
of (1, 8, 2, 6) bromo nitro amido phenyl aoetio 
acid (Gabriel. B 16, 1995) 

BEOMO-AMIDO-PHENYL-ETHANS 
OgH.oBrN C,H,BrCH,CH,NH, Bromo- 
phenyl-ethyl amine (258°) From phenyl pro- 
pionamide, KOHAq, and bromine (Hofmann, B 
18, 2740) Pearly plates (from water) — B'HOl 
(1,2,5) BEOMO -AMIDO PHENYL - PEO - 
PIONIO ACID C^(Br)(NH,) C,H, CO,H [1 2 6]. 
Bro no amido hy^octnnamie aoid [106®] 
Formed by brommation of the acetyl deriva 
tivt of jp amido phenyl propionic acid, and 
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saponification of the product (Gabriel, B 15, 
2292) Long glistening crystals Sol most 
ordmary solvents and in acids and alkalis 

Acetyl derivative [160®] Longoolour- 
lesB needles, soluble m alcohol, ether, and 
benzene 

Bromo m amido phenyl-propionic acid 

C«H3(Br)(NH,) C,H, CO,H [2 16] C117®-119®] 
Long pnsms Sol water, alcohol, ether, and 
CgHg Prepared by reduction of ^-bromo-m- 
nitro hydrocinnamic acid with tm and HCl — 
A'HCl glistening soluble needles (Gabriel a 
Zimmermann, B 13, 1684) 

(eso) DLBEOMO o-AMIDO- PHENYL-VALE- 
EIC ACID 

C«H2Br2(NH2) CH,*CH, CH, CHU CO^H [98®, 
with aq] Long colourless needles (containing 
aq) Formed by reduction of an alcohoho solu 
tion of di bromo amido phenyl di bromo valeric 
acid C«H 2 Br,(NH 2 ) CHBr CHBr CH^ CH, CO,H 
with zinc and HCl V sol ordinary solvents, 
insol cold water It could not be converted into 
an inner anhydride, even by dehydrating agents 
JEthyl ether C,,H,„Br,(NH 2 )C 02 Et , thick 
oil , its hydrochloride forms white nee^es [186°] 
Acetyl derivative C,„H,oBrj(NBLAc)C02H 
[206°] , aggregates of thin white needles , v sol 
alcohol, ether, cfec 

Acetyl ethyl ether 

C,nH,oBr2(NHAc)C02Et [139®], colourless crys- 
tals , V sol alcohol, ether, and acetic acid, more 
sparingly m benzene, insol water and ligroin , 
in small quantities it can be distilled undecom- 
posed (Diehl a Einhom, B 20, 380) 

5v eso -Tetra - bromo- o -ami do-phenyl -valerio 
acid C^H^Br (NHJ CHBr CHBr CH^ CH^ CO^EL 
[167®] Formed by brommation of o- amido 
styryl propionic acid dissolved in chloroform 
Small microscopic needles V sol alcohol, 
ether, and acetic acid, insol water and CS, 
(Diehl a Einhorn, B 20, 379) 
BROMO-AMIDO-QirlNOLINE 
C,H 6 N(Bi)(NH 2 ) [164°] Large monoclinio 
prisms, or long colourless needles (contaming 
aq) Sol alcohol and ether 

Salts — B'HNpg glistening yellow needles 
— B'HCl soluble red prisms — B'jHgCljPtCl^ 
microscopic orange needles 

Acetyl derivative CjH 5 N(Br)(NHAo) 
[105°] Thin colourless plates (La Coste, B 15, 
1920) 

DI-BEOMO-AMIDO-RESOECIN 

C,HBr 2 (NH 2 )(OH), [1 2 4] Dx-ethyl ether 
C,HBr 2 (NH 2 )(OEt )2 [112°] , glistening needles 
or plates (Will a Pukall, B 20, 1126) 

BBOMO-AMIDO STYEENE 

C,H,Br(NH2) C^H,. 

Acetyl derivative [183°], felted needles, 
sol alcohol, ether, and acetic acid , formed by 
brommation of j). amido omnamio acid dis 
solved m AcOH (Gabriel a Herzberg, B 16, 2048) 
BEOMO-AHIDO-SDCCINIO ACID 
C 2 H 2 Br(NHj) (OO^H),. [140®] From di-bromo- 
succinio acid and alcoholic NH, (Claus, B 16, 
1850) Radiating needles , v sol water and 
alcohol — AgA' 

BROHO-AMIDO-THYHOL 
C,HBr MePr(NH,)(OH) Prepared by adding 
Na,CO, to dilute solution of its hydrobromide (v 
infra) Long colourless pnems, rapidly taming 
deep violet 
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HydTrobfOtnti^. — B'HBr By adding 
moderately strong HBr to thymoquinone ohloro- 
imide (g v ) a yellow floooulent pp is formed 
Ether extracts bromo thymoquinones from this, 
leaving the above salt, which is soluble in water 
and alcohol, but is thrown down as needles when 
HBr 18 added to its concentrated aqueous solu- 
tion (Andresen, J pr 131, 182) 

Bromo-amido thymol [c 90°) From bromo- 
nitro thymol, zinc dust, and HCl (Mazzara a 
Hiscalzo, O 16, 196) Scales Converted by 
nitrous acid gas into bromo thymoquinone [48°j 
BEOHO-AKIDO-TOLlTEliE v Bbouo tolu- 

XDINK 

Bromo-di -anudo-tolnene v Bbomo toltlenb 

DUVINE 

BBOMO - AMIDO TOLUENE BULPHONIC 
ACID C,H2(CHJ(NH2)]3rbO,H [1 2 3 5] Bronio \ 
toluidine sulplwnic acid From o toluidine sul 
phonic acfd and bromine water (Nevile a. 
Winther, C J 87, 627) Prisms 

Reactioyis — 1 Conveited by diazo reaction 
into a bromo toluene sulphonic acid whose sul 
phochloride melts at [56°] and whose amide at 
[147°] —2 Heated with HCl atl60° it gives dibro- 
mo o-toluidme [44°] and two mono bromo tolu- 
idines, an oil and a crystalline body, [54°-67°] 
One of these bromo toluidmes must be ob- 
tained from the acid by displacement of SOjH 
byH, and must subsequently give rise to the other 
mono and the di bromo toluidine Inasmuch 
as oily bromo tolnidiue, C,H,Me(NHJBr [1 2 3], 
heated with HCl at 160° gives a substance 
[40°-47°] and crystals [53°-65°], while the crys- 
talline bromo toluidine [64°-67°] is not affected 
by this treatment, we must suppose the sulphonic 
acid to be C,H (CH,)(NH )BrSO,H [1 2 3 5] 
rather than [1 2 5 3] When it is heated with 
HCl the oily bromo toluidine is first formed, but 
this being unstable changes into its crystalline 
iBomeride and the crystalline dibromo toluidme 
Bromo-amido toluene snlphonio acid 
C AMe(NH,)Br(SO,H) [1 4 2 3 or 5] 8 532 at 
21° From o bromo toluene by sulphonation, 
nitration, and reduction (Schafer, A 174, 3G0) 
Tnmetnc lamime (from hot' water) or nodules 
(from alcohol) Converted by bromine water into 
in bromo toluidme [82°] 

Salts — BaA jaq — PbA',aq 
Bromo amide toluene sulphonic acid 
C^HJde{NH2)Br(SO,H) [1 6? 4 3] From (1,4,2) 
bromo toluene sulphonic acid by nitration, and 
reduction (S ) Needles (from water) V si 
sol water — BaA', 4aq 

Bromo amido toluene snlphonio acid 
C,H2Me(NH,)Br(SO,H) [1 2? 4 6] S 8 2 From 
(l,4,3)-bromo toluene sulphonic acid by nitration 
and reduction (Schafer, A 174, 360) Prisma 
(from water) Bromine water gives tn bromo- 
toluidine [72^] — BaA'2 2aq — NaA'2 2aq 
Bromo-amido-tolnene sulphonic acid 
C,H2Me(NH2)Br(SO,H) [1 4 a; 2] S 28 at 20" 
From boihng aqueous p toluidme o sulphonic 
acid and bromme (Jensaen, A 172, 230, B 
7,55) Needles (from water) V sLsol boiling 
water <— KA' aq — BaA', 7aq 

Broma-amido-tolBene snlphonio acid 
C.H^(NH,)Br(SO,H) S 19 at 20° From 
c tolmdma sulphonic acid by conversion into o- 
bromo toluene sulphomo acid, nitration, and re> 


duction ^agel, A 176, 800) Minnte thin 
prisms — BaAgaq 

Bromo-amido-tolnsns snlphonio aoid 

0 ,H2Me(NH2)Br(S0,H) [1 4 6? 3] Formed, to- 
gether with di bromotolmdine, by passing bro- 
mme vapour into cold aqueous p toluidme m 
sulphonic acid (v Pechmann, A 173, 210, Lira 
pneht, B 7, 452) Clumps of needlesf V e sol 
water Converted by diazo reaction into (3 or 
6 , 1, 2) bromo toluene sulphomc acid ~KA' — 
BaA'2 2aq — PbA'j — AgA' 

Di bromo-o amido toluene sulphonic aoid 
C,HMe(NH,)Br,S02H [1 2 ? ? 4] S 64 at 
13 5° From o toluidme p sulphomo acid 
C,H3Me(NH2)(SO,H) [1 2 4] and bromme (Hay- 
duck, B 7, 1353, A 172, 211) Capillary 
needles containing aq (from water) — BaA'^ 9aq 
Di bromo amido toluene sulphonic aoid 
C,HMe(NHJBr,(S02H) [12 3?? 6?] Fiom o- 
toluidine by sulphonat on and bromination 
Needles (containing aq) T sol hot water and 
hot alcohol Gives tn bromo toluidine [112°] 
when distilled with KOH — BaA'j4aq — 

PbA'jSaq (Gerver, A 169, 380) 

Bromo di amido toluene sulphomo aoid 
C«HMe(NH,),BrSO,H [1 2? 6? 3? 4] From 
toluene p sulphonic acid by nitration and re 
duction (Schwanert, A 186, 360) Tables , si 
sol water — K A' 2 aq 

DI BBOMO AMYL ALCOHOL C.HjoBr^'O t e 
CH Br CHBr CHEt OH Di bromo di ethyl car 
binol Fiom vinyl di ethyl carbinoland biomine 
(Wagner, J" H 16, 320) Non volatile hquid 

BBOMO o AMYL ANTHBACENE 

C(CA,). 

C,.H,,Bric C,H,<^^^ ^C.H, [76°] Yel- 

low needles Fluorescent Prepared by biomi 
nation of amyl anthracene in CSj 

P%cr%c acid compound [110°] Orange 
yellow needles (Liebennann a Tobias, B 14,797) 
BBOMO sec AMYL BENZENE C„H„Br xe 
C,H, CHEt CHBr CH,(?) (c 79°) at 40 mm. 
S G ^ 1 28 Oil Obtained by brominating 
sec amyl benzene (Dafert, M 4, 620) Decora 
posed slowly by boiling water into HBr and 
pentenyl benzene 

7 5 di bromo amyl benzene [63°-64°] 

Ph CHBr CHBr CH^ CH, CH, From phenyl 
amylene (g v ) and bromine Needles or plates 
7-8 di-bromo-isoamyl benzene 
Ph CHBr CHBr CH(CH,), [128°-129°] From 
phenyl iso-amylene and Br (Schramm, A 218, 
394) Needles (from alcohol) 

Tri-bromo isoamyl benieneC,,H„Br, [140°]. 
Obtained by brominating iso amyl benzene at 
100" (Bigot a Fittig, A 141, 161) Needles 
BBOMO ISOAMYLENE C,H,Br PentenyU 
bromide (100°-110°) From ‘ isoamylene ’ by 
successive treatment with bromine and alcoholic 
KOH (Bauer, A 120, 167) Successive treat 
ment with cone H^SO, and water forms amylene 
! dibromide and a ketone 0,H,,0 (Bouchardat, 
C B 98, 816) 

w-Bromo-iio-amylent (111°) Fr CH CHBr 
I From isovaleric aldehyde by successive tieat- 
ment with PCl,Br, and aJeohohe KOH (Bmylants, 
B 8,406) 

7 -Broiiio-n-amyleiie CH, CBr OH, CH, OH,. 

(128°) fi.G* ^ 1 10. From methyl propyl l^toiia 
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by suecesflive treatment with P01,Br, and aloo« 
hoho KOH (B ) 

Broma amylene OjHgBr (HI®) Prom di- 
bromo-hexoio acid OH, CHBr CBrEt CO,H and 
cold aqueous Na^OO, A 200, 36) 

Bromo amylene CsH^Br (115°) From iso 
valerylene and HBr (Reboul, Z 1867, 173) 
Bromo amylene 0,H,Br (o 106°) 8 G ^ 

1 173 Frcfn isoprene C^H, and HBr (Bouohar 
dat, / 1879, 677) 

Di bromo amylene CjHgBr^ (c 170°) From 
isovalerylene and bromine (Reboul, A 135, 372) 
Di bromo amylene C^HgErj t e Pr CBr CHBr 
(175^) From isopropyl acetylene and Br (Bruy- 
lants, B 8. 407) 

Di bromo amylene CaHaBr, t e Pr CBr CHBr 
(190°) From n-propyl acetylene and Br (B ) 
BBDHO AMYLENE GLYCOL CjH,Br(OH)2 
From amylene dibromide by successive treatment 
with AgOAc and solid KOH (Bauer, J 1861, 664) 
TEI BROMO p ISOAMYL TOLUENE 
Ci^HijBrgte C^HMeBr, CjHn Frompisoamyl 
toluene and bromine at 100° Sticky liquid 
(Bigot a Fittig, A 141, 165) 

TRI BROMO ANETHOL C,oH,3r,0 From 
anethol and Br Crystals (Cahours, A 41, 60) 
BROMO-ANILIC ACID v Di bbomo dz oxy- 


QUINONE 

o BROMO ANILINE C,H,BrN t e 
r,H,Br(NH,) [1 2] Mol w 172 [31°] (229° 

1 V ) • From o-bromo mtro benzene by reduc 
tion with tin and HCl (Fittig a. Mager, B 7, 
1175) 

Acetyl derivative C^H^BrNH^c o Bro 
mo acetanilide [99°] Long needles (Kdmer, 
Q 4, 330) 

w Bromo aniline C,H,Br(NH,) [13] [18°] 

(261°) Formation —1 From m bromo mtro- 
zene (Fittig a Mager, B 8, 364) — 2 m mtro 
diazo benzene sulphate (from m nitranihne) is 
treated with a hpt solution of cuprous bromide 
and the crude m bromo mtro benzene reduced 
with tin and HCl (Sandmeyer, B 18, 1495) 

Acetyl derivative C^H^BrNHAo [88°] 
Needles (from dilute alcohol) (Scheufelen, A 
231, 176) 

p Bromo aniUne CABr(NH^ [1^3 [62°] 

(Mills, P M [6] 14, 27) [66°] (K6mer, J 1876, 
342) 

Formation — 1 By reducing p bromo mtro 
benzene with tin and HCl (Riche a B6rard, A 
183, 62 , Fittig a. Mager, P 7, 1176, 8, 864) — 

2 By bromination of acetanilide and distilla- 
tion of the product with KOH (Mills, P 1 [4] 
49, 21 , Pr 10, 689) —3 By distilling bromo 
isatin with KOH (Hofmann, A 68, 42) —4 In 
small quantity by brommatmg aniline with Br 
vapour or m benzene solution (Kekul6, Z 1866, 
687) 

Properties — Trimetric crystals , insol cold 
water, v sol alcohol and e^er Decomposed 
on boiling, giving aniline, and di and tn bromo 
aniline 

Reactions —1 HCl at 160° gives aniline and 
di bromo-aniline (Fittig a Buchner, A 188, 23) 
2 Sodvum acts on it in ethereal solution form 
ing benzene azo benzene, aniline, and NaBr 
(Ansohdtz a Schultz, B 9, 1398 , Claus a 
K)que8, B 16, 909) —8 By dissolvmg in cooled 
fuming HNO, it IB converted into tn mtro anihne 
(picramide) (Hager, B 18, 2678) —4 By nitra- 


tion of p bromanilme dissolved in 10 pts, of 
HSO 4 bromo-mtro-anilme OgH,Br(NOa)(NBy 
[4 3 1] IS produced (NOltmg a. Oolhn, B 
17, 266) —6 Cyanogen forms a compound 
ci,Br NH C(NH) 0(NH) NHO^BE^Br [246°] , 
white plates (nrom alcohol) (Senf, / pr [2] 85, 
630) 

Salts — B'HCl monoclinic — — 
B'HBr^aq monoclinic pnsms (Staedel, JB 16, 
28) — B'^H.S 04 laminsB — B'aHjCjO^. 

Formyl derivative C^H^Br NH(CO H) 
[119°] Long white needles Insol cold water, 
si sol hot water, v sol alcohol and ether 
Prepared by heating p bromanilme with formic 
At.Vifir. nr hv hrnmi'nfl.tinff fnrmamlide fDennstedt. 


B 13,234) 

Thioformyl derivative 
0«H,Br NH(CS H) [190°] Needles V sol 
hot ether and alcohol Prepaied by the action 
of P^Sj on the precedmg body (Dennstedt, B 13, 


236) 

Acetyl derivative [166°] From acetanilide 
in glacial HO Ac and Br (Remmers, B 7, 346, 
Giirke, B 8, 1114) Also from p bromo aniline 
and AcCl (Korner, G 4, 829), or acetamide 
(Kelbe, B 16, 1200) Monochmc prisms ahc^ 

1 538 1 1 435 (Panebianco, Q 9, 367) M soL 
alcohol, V si Bol water 

Isobutyryl derivativ e 
C^H^BrNHC.H^O [128°] From isobutyryl. 
aniline and Br vapour (Norton, Am 7, 117)» 
Needles (from alcohol) 

Benzoyl derivative CaH 4 Br(NHBz) 
[202°] From benzanilide and Br (Meinecke, B 
8, 564) 

Oxalyl derivative C 302 (NH CgH,Br), 
[above 200°] From Br and oxanihde in HOAe 
(Dyer a Mixter, Am 8, 351) 

Di bromo-aniline C,HsBr^(NH^) [1 3 4] [79°] 
Formation — 1 By saponifying dibrominated 
acetanihde (Gness, A 121, 266), or brominated 
0 - or p bromo acetanihde (Komer, G 4, 329) — 

! 2 Together with mono and tn bromo amhne by 
brommatmg anihne (Kekul6, K 2, 635) — 3 By 
distilhng di bromo isatin with KOH (Hofmann, 
A 63, 47) —4 Together with mono- and tn- 
bromo anihne by aheating nitrobenzene with 
cone HBrAq at 190° (Baumhauer, B 2, 122, 
Z [2] 5, 198) — 5 By reducing di-bromo-nitro- 
benzene (Wurster, B 6, 1491) 

Properties — Needles or long plates 
Salts —B'HCl — B'^H^tCl, — B'ASO^ 
Acetyl derivative CjHjBr^HAc [146°] 
Benzoyl derivative C,H^rjNB 2 ,[l 8 4]? 
[184°] From benzanilide and Br (Hnbner, B, 
10, 1710) 

s di- bromo - aniline C,H,Br,(NEL,) [1 3 6]. 
[67°] From p nitio acetanihde, by successive 
conversion mto mtro aniline, di bromo mtro- 
aniline, and di bromo mtro benzene, and reduc- 
tion of the product (Kdmer, G 4, 868 , Langer, 
A 216, 116) Needles 

Di - bromo amline O^HjBr^fNHs) [1 2 4] 
[80°] From the corresponding di bromo-mtro- 
benzene [68°] (Koraer, Q 4, 370) 

Di - bromo - aniline 0„H,Br,(NH.) [1 4 8] 

[62°] From the corresponding mtro- compound 
[85°] (Riche a Berard, 0 B 69, 141 , Meyer a, 
Stuber,A 166,180) 

Tri-bromo-aniline OgH,Br,(NHJ 
[119°] (300°). 
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formation — 1 By the action of brcnnine on 
ftnilme or on an aqueous solution of a salt of 
aniline (Fntzsche, A 44, 291 , J pr 28, 204 , 
Hofmann, A 53, 60) — 2 By the action of Br 
on 0- or n bromo aniline (K6rner, O 4, 805) — 
8 By reduction of tri bromo nitro benzene (K ) 
4 Together with aniline and di bromo aniline 
by the dry distillation of p bromo aniline or by 
heating it with HClAq at 160^ (Buciiner, B 8, 
861) 

Preparation — Bromine (500 g ) is gradually 
added to aniline (100 g ) , as soon as a solid mass 
IS formed glacial acetic acid is added and the 
addition of bromine continued until the mass 
has a red colour The product is washed 
with dilute alcohol and water and crystaliibed 
from alcohol (H Silberstem, J pr [2j 27, 101) 
Yield 80 per cent 

Properties — Long colourless needles 
Reactions —1 passed into tn bromo 

aniline half dissolved, half suspended in alcohol, 
gives a yellow pp of tribiomo diazo benzene 
nitrate — 2 Converted by diazo reactions into 
» tn bromo benzene and into u tetia bromo ben 
zene — 3 Cone HNO, gives di biomo di nitro 
methane, tetra bromo quinone, u tetra bromo 
benzene, picric acid, and oxalic acid (Losanitsch, 
B 15, 472) 

Salts— The salts are very unstable, and 
cannot be foimed in aqueous solution B'HBr 
small white needles insol ether and 

benzene , decomposed by water — B'HCl small 
white needles (Gattermann, B 16, 63o) 

Acetyl derivative C„H^Br,NHAc [232°] 
(Remmers,!! 7, 349) 

Dia cetyl derivative C^H^Br^NAc. [123°] 
Tn bromo -aniline C„H BrjjNHJ [1 2 3 5j 
[above 130°] I rom In bromo nitro benzene 
[112°] (Komer, O 4, 328) Its salts are not 
decomposed by water 

Tetra-bromo aniline C HBr^(NH J [1 2 3 5 6] 
[115°] Formed by brominatmg m bromo 
aniline, or (1, 4, d) di bromo aniline (Korner, G 
4,328, Wurster a Nolting, B 7, 1564) Is a 
by product in the action of bromine on nitro 
benzene in presence of Fe Br, (Scheufelen, A 
231, 161) Needles Converted by the diazo 
reaction into u tetra bromo benzene 

Penta-bromo aiuline C^Br^NH,^ [222°] Ob- 
tained by brommating (1, 3, 6} di bromo aniline 
(K6mer, O 4, 3b8) Large needles (from 
alcohol mixed with toluene) 

BBOMO ANILINE SOLFHONIO ACID v 

BbOUO AMinO BX^ZBN£ 8ULPBON10 ACID 

BBOXO ANISIC ACID v Methyl derivative 
of Beomo oxt benzoic acid 

BEOMO ANISIDINS v Methyl Bbouo- 

AMDO-PHENOL 

BEOMO ANTHEACENE [100°] 

Obtained by warmmg anthracene dibromide. 
Needles. Forms a red picric acid compound 
(A 1,2) Di-bronio-aiithraoexieC,<E[,Brj.[221°] 
From Br and anthracene in CS, (Graebe a Lie- 
bennann, A Suppl 7, 275) From tnphenyl 
methane m CS^ and bromine in sunlight (tn 
phenyl-methyl bromide bemg also formed) (Allen 
s. Kalhker, A 227, 109 , 228, 254) Golden 
needles (from toluene) , may be sublimed. Y si 
sol alocdiol and ether Alcoholic KOH at 100° 
forms anthracene. Dilute HKO, gives anthra 


qumone The compound with picric acid it red* 
Combines with Br forming CjABr, [170 °- 180°], 
decomposed at 180° mto tri bromo-anthracene, 
HBr, and Br 

Di bromo anthracene 0,<H^Bra[B 1 2]? [192°] 
From di bromo anthraquinone, HI, and P at 
150° (Miller, A 182,367) Golden tables (from 
alcohol) Oxidises to di bromo anthraquinone, 
Tn bromo anthracene C,^H, Bra {A 1,2 D) 
[169°] Formed by heating (A 1, 2) di bromo- 
anthracene tetrabroniide (G a L ) Yellow 
needles (fiom benzene) Oxidised by HNO, to 
bromo anthraquinone (Claus a Hertel, B 14, 
979) — Bromide Ci^H^Bry 
Tetra bromo anthracene 
C,^H«Br, (A 1, 2, B 1,2)? [254°] Fromdi bromo- 
anthracene tetrabromide and alcoholic KOH 
Anderson, A 122, 301 , G a L ) Yellow needles 
from xylene) Gives di bromo anthraquinone 
on oxidation — Bromide OnH^Br^ [212°] 
(Hammerschlag, B 10, *1212) 

Penta bromo anthraceva [212°], 

Formed by heating tetra bromo anthracene 
tetrabromide at 230° (H ) Yellow powder 
Oxidises to tetra bromo anthraquinone 

Hexa bromo-anthracene C, 4 H^Br,, [310°- 

320°] Prepared by the action of Br in presence 
of I on di bromo anthracene (Diehl, B 11, 178) 
Oxidised by KjCrjO^ and H^SO* to tetra bromo- 
anthraquinone [c 300°] 

Hexa bromo anthracene C, 4 H 4 Br*. [above 
370°] From CnHeBr« and alcoholic NaOH (H ) 
Silky yellow needles (from kerosene) Oxidation 
gives tetra bromo anthraquinone [above 870°] 
Hepta bromo anthracene ChHjBft [above 
850°] Prepared by the prolonged action of Br 
at 200° in presence of I on di bromo anthracene 
(D ) Yellow needles Insol alcohol and ether 
Octo bromo-anthracene C, ,H Br^ Formed by 
very prolonged action of iodine bromide at 360° 
on hepta bromo an thxucene (D ) Needles InsoL 
most ordinary solvents, si sol nitro benzene 
and aniline 

(A 1). BEOMO- ANTHRACENE (A 2).CAB. 
BOXYUO ACID [206°]. 

Formed by the action of bromine upon anthra- 
cene (A ) carboxylic acid in acetic acid Long 
glistemng yellow needles Sublimable Sol 
alcohol, ether, and acetic acid, v si sol benzene 
and water Its solutions have a blue fluor 
escence Evolves CO, at its melting - point 
leaving bromo anthracene 

Salts — AgA' yellow microscopic prisms 
— KA' long very slender yellow ne^lea — 
BaA'j yellowish needles (Behla, B 20, 704) 

DI BEOMO- ANTHEACENE DISDLPHONIO 
ACID C,4HgBr2(80gH)^ From di bromo anthra- 
cene and fuming H^SO* (Perkin, C J 24, 19). 
Oxidises to anthraquinone disulphonio aoid- 
Salts — Na-X — BaA" 

BEOMO ANTHEANOL Cj^H^OBr 



[148°-161°J Formed by the action of (1 mol of) 
bromine upon anthranol (1 mol ) dissolved in CSj. 
Yellowish crystals Insol boiling aqueous, but 
converted by cold alcoholic KOH mto an orange 
K salt (Ooldmann, B 20, 2137) 



BROMO-BARBITURIO ACID. 


])i4>ronio*uit]inuiol Oi4HgOBr2 1 $» 

Anthraquinone bromide 

[167°] Formed by the action of (rather more than 
‘2 mol of) bromine upon anthranol (1 mol ) dis- 
solved m CS.^ Large rhombic crystals Insol 
aqueous alkalis By boiling with acetic acid it is 
readily converted into anthraquinone 
{B 1)-:#R0M0-ANTHEAQUIN0NE 
0,4H,Br6o [188°] Yellow needles Sub 

limable Prepared by heating o bromo benzoyl- 
benzoic acid G^H^Br CO C9H4 COjjH with H2SO4 
to 180° On fusion with KOH it gives erythro 
oxy anthraquinone (Pechmann, B 12, 2127) 

{B 2) - Bromo - anthraquinone Ci^H^BrO* 
[187°] Formed by oxidation of tri bromo 
anthracene with CrO^ and HOAc (Graebe a 
Lieber^pann, A Suppl 7, 290) Yellow needles, 
may be sublimed , si sol alcohol, m sol hot 
benzene Converted by potash fusion into ah- 
zann • 

Di-bromo anthraq%inone C, .H^O^Br^ [2G5°] 
Formation — 1 By brominatmg anthra 
quinone (Graebe a Liebermann, A Suppl 7, 
289, Dienl, B 11, 181) —2 B> oxidation of 
tetra bromo-anthracene or di chloro di bromo 
anthracene with CrOj (G a L , Hammerschlag, 
B 19, 1107) 

Pioperiies — Boils with slight decomposition, 
si sol boiling alcohol, m sol glacial HOAc 
Potaslk-fusion at 250° gives alizarin Accord 
ing to Peikin {G J 87, 654 , priv com ) the 
di bromo anthraquinone formed by the first 
method melts at 245° (or 250° cor ) and differs 
from that formed by the second method, which 
melts at 275° (or 281 5° cor ) by givmg, on 
potash-fusion, not only alizarin but also flavo 
purpurin and anthrapurpurm (tri oxy anthra 
quinone) 

Tn bromo-anthraquinoneCj^H BrjO, [186°] 
Prepared by the ^ction of Br in presence of I 
upon anthraquinone or di bromo anthiaquinone 
at 260° (Diehl, B 11, 182) Yellow needles, 
insol alcohol 

Tri - bromo - anthraqumone Ci^H^BrjOj. 
[365°] From penta bromo anthracene, CrOj, 
and HOAc (Hammerschlag, B 10, 1213) Flat 
needles (by sublimation) 

Tetra - bromo anthraquinone OnH^Br^Oj 
[295°-800°] Formed by oxidising hexa bron o» 
anthracene [320°] or by brominatmg tn bromo 
anthraqumone [186°] m presence of I (D) 
Yellow needles 

Tetra - bromo - anthraquinone Cj^H^Br^Oj 
[above 370°] Formed by oxidising hexa bromo 
anthracene [above 370°] (H ) Yellow needles 
Penta - bromo anthraquinone Cj^H^BrjO^ 
Formed by oxidation of hepta bromo anthra 
oene (D ) Sublimes with difficulty without 
melting , si sol boiling toluene 

DI BKOMO DIANTHBYL C^sH^^Brj [far 
above 800°] Yellow pnsms (from toluene) 
Formed by bronunation of dianthryl dissolved 
m CS, (Liebermann a Gimbel, B 20, 1865) 
DI-BEOMO-APOPHYLLENIC ACID 
CJH,BrN04 tui C,NH^r(CO H)(CO,Me) or 

C,NH^eBr(COJH)<^> Methyl ether oj 

hromo-jyyrxdxiie dncarboxylxc acid ? From bromo 
taroonme (a derivative of narootme) and Br 
(? Oonchten, A 310, 91) Hard pnsms (con 


taining 2aq), sol hoi water. Its solutions 
give no pps With salts of Pb, Ag, or Ou Heated 
with cone HCl it forms CO^ MeCl, and a 
bromo pyndine carboxylic acid (?) [199‘^ 

Salt — BaA'.Saq 

DI - BEOMO - APOPHYLIIH C,4H,.Br4K204 

[229°] From bromo tarconme or bromo apo 
phyllenic acid and bromine-water (v Genchten, 
A 210, 94) Six sided tables (containing 4aq) , 
sol water, insol ether Alkalis form a deep 
red solution HCl at 150° gives CO,, MeOl, 
di bromo pyndine, and di bromo pyndme me- 
thylo chloride 

Salts -B"HCl - B"2HC1 — B"*HjPtCl4aq — 
B"HBr — B"2HBr 

DI - BEOMO ATEOLACTIC ACID v jSB Dz 

BEOMO a OXY -a PHENYL PROPIONIC ACID 

BEOMO - ATEOPIC ACID 0^,BrO, ♦.«. 

Ph C^HBr CO^H Exo bromo a phenyl acrylto 
acid [130°] From the compound of atropio 
acid (1 mol ) with HBr (2 mols ) by boilmg with 
water (Fittig a Wurster, A 195, 162) Slender 
needles (from water) 

TETEA BEOMO - AUEIN O.^HioBr^O,. 
Formed by brominatmg aurm dissolved m 
HOAc (Dale a Schorl emmer, C J 35, 162 , 
cf Zulkowsky, M d, 465) Bronzed crystals 
Alkalis form violet solutions 

Salt — A"Ag^ dark violet insoluble pp 
Ethyl ether A"Et7 [110°-116°] , micro 
scopic reddish crystals , sol alcohol, ether, and 
benzene (Ackermann, B 17, 1626) 

BEOMO AZO BENZENE v pp 374, 379 
TETEA-BKOMO-AZOPHENINE C^Hj^Br^N- 
[243°] Formed by heating p nitroso di-phenyi- 
amine withp bromo aniline andp bromo aniline 
hydrochloride at 100° Greatly resembles azo- 
phenine (0 Fischer a Hepp, B 20, 2481) 
BEOMO AZO TOLDENE u p 394 
DI BEOMO AZOXY BENZENE v p 427 
BEOMO AZ0XY-T0LT7ENE v p 428 
BEOMO - BAEBITUEIC ACID C4H,BrN,0^ 

1 e CHBrC^^Q NH^^^ Bromo malonyl-urea 

XJreide of hiomo malonic acid From di bromo 
barbituric acid by reduction with Na or Zn, or 
by evaporatmg with aqueous HCN (Baeyer, 
A 130, 134) Small needles , si sol cold 

Salts — NH4A' — ZnA'jSaq — ZnA'-6aq 
(Mulder, B 12, 2309) 

Di bromo barbituric acid C^H^rjN^O, ZH- 
bromo malonyl urea Formed by the action of 
Br on barbituric, nitro barbituric, mtroso bar- 
bituric, and hydui^ic acids (Baeyer, A 127, 199 , 
130, 130) 

Preparation — From di bromo-ory-methyl- 
uraoil and fuming HNO, (Behrend, A 236, 
62) 

Properties — Trimetno crystals. SoL water, 
V sol not alcohol and ether 

Reactions — 1 Boilmg water forms alloxan 
and HBr — 2 HI reduces it to hydunho and 
barbituric acids — 3 H^S forms dialuno acid, — 
4 Bromine water forms CO3 and tn-bromo* 
acetyl urea —6 Alkalis form CO,, tn bromo- 
acetyl urea, and bromo barbitnno aoid — 6* 
Thto urea forma so-called thio psendo-nno amd 
OjN^H^OaS (Trzcinski, B 16, 1057) — 7 Potae^ 
Slum sulphocyanide forms sulphocyano-barlw- 
iunc acid OjN,H,SO, (T ). 



m 


BBOMO-BAUBITURIO ACID 


Hi aoid CABr^A aq 

fettna paeyer, A 150, 146 , cf p 440) — 
g^H Ur N O^HRr Pnsmg, v bL sol water 
BI.BBbMO-£XHEHlG ACIB 
[48“3 From eruoic acid and bromine 

(Hanssknecht, A 143, 40 , Otto, A 135, 226) 
Nodules Converted by aloobolio KOH to bromo- 
eruoio aoidf O^iH^iBrO, and behenolio aoid 
C„H4 oO}. Moist AgjO forms oxy-erucic acid and 
di-oxy-bebenic acid Sodium amalgam forms 
erucio acid Salts — Ba Pb A', 

Di bromo-behenio acid Cj^H^^BrjO^ [54®] 
From brassio acid and bromine (H ) Reduced 
by sodium amalgam to brassio acid. Alcoholic 
EOH at 220® gives behenolio acid 

Tn-bromo<beheme acid C^H^iBrgOj [32®] 
From bromo-erucic acid and bromine (H ) 
Tetra-bromo-behenio acid Oj-^H^oBr^Oj [78°] 
From behenoho acid and bromine (H ) 

Laminae (^from alcohol) 

BBOIlO-BENZALDFHTBB V Baoico benzoio 

ALDKHYDE 

BSOKO-BENZAMIDE V Amide of Bboho 

BXNZOIO ACID 

BROXO BENZANIIiIBE v Anilide of Uromo 

BENZOIC ACID 

BBOHO-BENZENE CgHjBr Phenyl bromide 
Mol w 167 (166®) S G 1 4914 1 6736 

R 00 65 81 (Bruhl) S V 119 9 (Schiff, B 10, 
664) Vapour pressure Ramsay au Young, 
C i 47,646 

Formation — 1 From bromine and benzene, 
either boiling or in sunlight (Couper, A Ch [3] 
62, 809 , Schramm, B 18, 606) The reaction 
18 promoted by the presence of I (Ador a Riliiet, 
B 8, 1287) or AL,C1, (Greene, C B 90, 40, 
Leroy, Bl [2] 48, 210) — 2 Formed by running a 
solution of NaNOj into a hot solution of Guj^Brj 
and anilme m dilute H^SO^ (Sandmeyer, B 17, 
2652) — 3 By heating diazobenzene with a large 
excess of strong HBr , the yield is 32 p c of the 
theoretical (Gasiorowski a Wayss, B 18, 1938) 

4 From phenol and bromide of phosphorus 
(Riche, ^ 121,357) 

Properties — Oil, not attacked by KOH, KCy, 
or AgOAc c 

Reactions — 1 Boiling with Al^Clg produces 
benzene and di bromo benzenes (Dumreicher, ! 
B 16, 1867) —2 Converted m the animal sys 
tem mto p bromo phenyl mercaptunc acid 
C,,Hj^rNSO„p bromo phenol, bromo pyrocate 
chin, and bromo hydroquinone (Baumann a 
Preusse, E 3, 156 , Jaff4, B 12, 1092) —3 
Convert^ by cone B^jSO^ into di bromo benzene 
Bulphomc acid and bromo benzene di sulphonic 
acid (Herzig, M 2, 192) — 4 ClSO,H forms 
C„H.Br(SO.H) [14] and CgH^Br SO^CgH^Br 
(Beckurts a Otto,B 11,2061)— 6 Heating with 
MeONa gives C.HjOMe and phenol (Blau, M 7, 
621) According to Fittica (B 17, 2634) there 
IS a second bromo benzene [c 62®] 

o-Di-bromo-bensene CgH^Brj [12] [—1®] 

(224®). S G 2 2 003 Formed m small quan 
tity m preparing p di bromo-benzene from ben 
Eene and Br (Biese, B 2, 61, A 164, 176) 
Formed also from o mtranihne vid o bromo 
nitro-benzene (K6mer, O 4, 333) HNO, forms 
chiefly di bromo-nitro benzene [68°] 

T^-BLbromo-beiuene C^H^Br, [1 3J. (219®) 
S.G ^1966. 


Formation —1 From (1,8,4) di-bromo<aiii 
line (Meyer a Stuber, A 165, 169) — 2 From 
s di bromo aniline — 8 Fromw-di-nitro-benzen« 
md m>mtro aniline, bromo mtro - benzene, 
and m-bromo anihne (K ) — 4 Together with the 
p isomeride by the action of Br on benzene in 
presence of AlgCl^ (Leroy, Bl [2] 48, 211) 

Properties — Has not been solidified Yields 
with HNOj two nitro derivatives [62^J and [83®] 
Sodium acting on an ethereal solution forms 
diphenyl, [220®] and OjJHg^Br, [260°], 

(Goldschmiedt, M 7, 45) 

p Di-bromo-benzene CgH^Brj [1 4] [89®] 

(219°) S V S 127 8 (Schiff) 

Formation — 1 By bromination of benzene 
or bromo benzene (Couper, A Ch [3] 62, 309 , 
Riche a B6rard, A 133, 61 , Riese, A 164, 162 , 
Jannasch, J3 10,1356) — 2 Fromjp diazo Jiromo 
benzene perbromide by heating with alcohol 
(Griess, 0 J 20, 66) —8 Fromp-bromo phenol 
and PBr^ (A Mayer, A <L37, 219) — 4 From ben- 
zene, Br, and FegOl, (Sch^ufelen, A 231, 188) 
Prepat ation —1 By treating benzene with 
Br and a little I — 2 Bromine (960 g ) is added 
slowly to benzene (240 g ) and Al^Clg (30 g ) 
On adding water in excess, the product de 
posited consists of crystals of the para- com 
pound, with an oil, consisting chiefly of the 
I meta compound This oil, however, contains 
some para di bromo-benzene in solution To 
separate this, the oil is treated with fuming 
H SO4 The meta dcnvative is easily sulpho 
nated in this way, but the para is not affected 
On adding a large excess of water, the solid 
C^H^Br^ [1 4] IS ppd , and the clear solution of 
the meta sulphonate distilled with steam gives 
C,H,Br2 [1 3] (Leroy, Bl [2J 48, 211) 

Properties — Prisms or plates, isomorphous 
with p di chloro benzene (Friodel, Bl [2j 11, 
38) Sublimable SI sol alcohol 

Reactions — 1 Heated for ^0 minutes with 
Al^Clg {\ part) gives C^H Br, C^H^Br^ [1 3], and 
twotribromobenzenes.C^HjBrg [1 2 4] and [1 3 5] 
(L ) — 2 HNO, formsanitro derivative [85®] — 
3 In ethereal solution sodium forms diphenyl, 
di phenyl benzene, and C4,H,^r, [265®] and 
C,,H,^Brj [800®] (Riese, A ‘ 164, 164 , Gold- 
schmiedt, M 7, 42) — 4 Mel and Na form p- 
xylene —6 NaOEt at 190® gives C^H^BrOEt, 
bromo benzene, and benzene (Balbiano, Q 11, 
401) —6 NaOMe forma 0,H,BrOMe, CA(OMe), 
and C,H,(OMe)(OH) (Blau, M 7, 621) —7 Con- 
verted by cone H28O4 into tetra and hexa 
bromo benzene (Herzig, M 2, 192) 

c-Tri bromo - benzeno 0<,H,Br, [12 8] 
Mol w 315 [87°] From (1,3,6, 2) di bromo 

mtro aniline tnd tn bromo mtro benzene, and 
tn bromo amlme (KSmer, O 4, 401) Tables 
(from alcohol) , may be sublimed. 

8 Tri-bromo benzene C,H,Br, [1 8 6] [119®] 

(278®) Formation — 1 From ordinary tn- 
bromo anihne (Stuber, B 4, 966, A 165, 173, 
Beinke, A 186, 271, Bassmann, A 191, 2i)6, 
Si'berstem, J pr [2] 27, 104) -2 From (1,3,5). 
di bromo amlme (K ) — 8 In small quantity by 
the action of light on bromo acetylene (Sa- 
banejefl, J R 17, 176) 

^operties —Needles (from alcohol) , si sol 
alcohol Boihng oono H^SOi forms bexa 
bromo bsnzene (Herzig, M 2, 197) NaOMc 



BROMO-BENZENE SULPHONIC ACID. 


fonnfl 0,H3y,(0H) and C^H^r^OMe [77°] (Blau, 
M 7, 621J 

tt-Tfi-bromo-baiiMne O^^Br, [1 ^4] [44°] 

(275®) Formatton—-! From hexa bromo- 
benzene and alcohobo KOH (Mitsoherlioh, P 
35, 374 , Lassaigne, R&v Scient 6, 360) — - 
2. Prom (1,8,4) di bromo> phenol and PBr^ 
(Mayer, A 187, 224) — 3 From (l,3,4)-di-bromo- 
anilme (Gness, Tr 164, 667) — 4 From o , «*-, 
and p , di bromo benzene by nitration, redaction, 
and diazotisation (K ) — 6 Got from each of 
the dibromobenzenes by heating with water and 
bromine at 260° (Wroblewsky, A 192, 220) — 
6 From benzene, bromine, and FeaClj (Scheu 
felen, A 231, 188) — 7 As a by product, in 
the preparation of OgH^Brj by the action of Br^ 
upon 0*H, in presence of AljCl, (Leroy, Bl [2] 
48, 213)L Properties — Needles , si sol alcohol 

s Tetra bromo benzene O^E^Br^ [1 2 4 6] 
Mol w 394 [175°] Formation — 1 From p 

di bromo benzene and Itr at 150° (Riche a 
B^rard, A 133, 61) — 5? From u tn bromo ben 
zene and Br — 3 From nitro benzene and Br 
at 250° (Meyer, B 15, 46) — 4 From benzene 
(30 g ), FejClg (6 g ), and bromine (240 g ) , the 
mixture must be cooled (Scheufelen, A 231, 187) 
Properties — Long needles (from alcohol) 

u Tetra bromo benzene C^HlBr^ [12 3 5] 
[98 5°] (329°) Formation — 1 From (1,3, 6,2) 
tn bromo phenol and PBr^ (Korner, A 137, 218, 
Mayer, 'A 137, 227) —2 From (1, 3,5,2) tn 
bromo-aniline (Wurster a NSlting, B 7, 1564 , 

V V Richter, B 8, 1428 , Silberstem, J pr [2] 
27, 118) - 3 Prom C«HBr,SO,H by heating 
with HCl (Bassmann, A 191, 224) — 4 One of 
the products obtained by heating tn bromo 
diazo benzene nitrate with benzene (Silberstem, 
J pr [2] 27, 110) Properties —Long needles, 

V si sol alcohol HNO, (SGI 50) gives a 
nitro denvative [96°] , fuming HNO, (SGI 54) 
gives a di nitro derivative [228°] 

Tetra bromo - benzene CgH^r^ [160°] 
From p nitro benzoic aoid and Br at 280° (Hal 
berstadt, B 14, 911) Needles (from alcohol) 

Tetra bromo - oenzene CgH^r^ [138°] 
From 2? di - bromo benzene and boiling cone 
H^SO^ (Herzig, Af • 2, 195) One, if not both, 
of the two last-mentioned bodies is, doubtless, a 
mixture 

Penta bromo benzene C^jHBr, Mol w 473 
[260°] Formation — 1 From Br and nitro- 
benzene or di nitro benzene at 250° (Eekul^, A 
137, 172) — 2 From s tn bromo benzene and 
fuming H,S04 at 100° (Bassmann, A 191, 208) — 
3 From alizarm and BrI at 2o0° (Diehl, B 11, 
191) Properties — Silky needles , v si sol 
alcohol, sol benzene 

Heza - bromo - benzene 0,Br, Per hromo- 
heneene [above 316°] Formation — 1 By the 
action of Br oontammg I upon benzene, toluene, 
or benzene azo benzene at 250°-400° (Gessner, 
B 9, 1605) —2 From tetra bromo quinone and 
PBr, at 280° (Ruoff, B 10, 403) —3 From p di- 
bromo benzene (or tn bromo benzene) and oono 
H2SO4 (Herzig, M 2, 192) — 4 By heating at 
860° ^r-bromo methane, per bromo ethane, per- 
bromo-butane, per bromo pentane, or per bromo- 
hexane (Merz a. Weith, B 11, 2236) —5 By 
heating oenzene with bromine and A4Br, — 6 
JBy heating pentabromo phenol with PBr. at 260° 
(Merz a Weith, B 16, 2890) —7 From bromine 


(300 g ), Fesd. and beniMin (17 in the eold 
Good yield (110 g instead of 119 g ) (fikdieiifeleB, 
A 231, 18^ ProperHas —Long needles (feoni 
toluene) V si sol alcohol and toluene. 

BBOMO-BEirZEVS o-SULPHOBlO ACID 
0<,H4Br SO»H [1 2] From o-amido-benzene sol- 
phomc acid (Bemdsen a. Limpnoht, A 177, 101 j 
Bahlmann, A 181, 203 , 186, 815) Long deU- 
quescent needles , v e sol silcohoL — NH4A' — 
KA'aq — BaA', aq — BaA , 2aq — CaA's 2^ — 
PbA'2 3aq — AgA' 

Chloride C,H,Br SO^Cl [61°] 

Amide O^H^Br SO ^N^ [186°] 
Bromo-benzene m-i^phonio aoid 
CaH4Br SO3H [1 3] From amido benzene wi- 
sulphonic acid (Berndsen, A 177, 92) Formed 
also by brominating benzene sulphonio acid or 
its silver salt (Ross Garnck, Z [2] 6, 649 , Genz, 
B 2, 405 , NSlting, B 8, 819 , Thomas, A 186, 
133) Very dehquescent — KA' aq S (of KA'j 
4 4 at 0° — PbA'2 2^9 — PbA'2 — S (of PbA',) 

6 78 at 7° — BaA'j 2aq S, (of BaA'*) 8 6 at 14°. 
CuA'2.-AgA' 

Chloride O^H^BrSOjCl Oil 
Amide C,K^Br SO^NH* [154°] 
Bromo-benzene- p sulphomo acid 
C.H^Br SOgH [1 4] [88°] Deliquescent needles 
Formation —1 By sulphonatmg bromo- 
benzene with H^SO,, OlSOjH, or SO, (Couper, 
C R 45, 230 , Ross Garrick, Z [2] 6, 649 , 
Armstrong, Z [2] 7, 321, Noltmg, B 8, 694) — 
2 From p amido benzene sulphomo acid (Meyer, 
A 156, 291 , Bemdsen, A 177, 92) 

Reactions — The K salt distilled with K4FeCy, 
gives terephthalomtnle 

Salts -(Goshch, B 8, 362 , A 180, 93) — 
NH4A' — KA' — CaA'22aq -BaA', — PbA'22aq — 
PbA'2 — ZnA'. 6aq — CuA', 6aq — AgA' 

C«H4Br 80,01 [75°] 

Amide [164°] (Bassmann, A 191,247) 
Acetyl amide C^H^Br SO^NHAo [199®] 
Anilide C.H^Br SOjNHPh [119°] 
Bromo-benzene di sulphonio aoid 
CttHgBrfSOsH), [1 3 4?] From the correspond- 
ing amido benzene disulphomc acid (Zander, A 
198, 28) Deliquescent needles — BaA ' 8aq — 
PbA"aq • 

Chloride 0,H,Br(802Cl)2 [104°] 

Amide 0,H,Br(S02NHj2 [210°] 

Bromo benzene di-sulphomc aoid 
04H,Br(S0,H)2 [1 2 4] 

Formation — 1 From the corresponding 
amido benzene disulphomc acid (Zander, A 
198, 10) — 2 From bromo benzene p snlphonic 
acid and SO, at 210° (NSlting, B 7, 1311) 

Properties — Slender deliquescent needles. 
K^"aq-BaA"4aq S (of BaA") 6 at 22° — 

AggA" 

Chloride C,H,Br(S0201), [103°] 

Amide 0,H,Br(S02NH2)2 [239°] 
Bromo-benzene m-solphoiue aoid 
OBH,Br(SO,H)2 [1 or 4 6 3] From the corre- 
sponding amido benzene disulphomc amd 
(Heinzelman, A 188,177) Deliquescent needles 
Salts -(NH4)2A" -BaA"2jaq — PbA" 2lBq 
Chloride 04H,Br(S02Cl), [99°] 

Amide 0,H,Br(S02NH2)2 [245°] 
o-Di-bromo-l^nzene zulphonie aoid 
0,H,Br2(SO,H) [1 2 8] From the oorres^^dmg 
di-amido-b^zene sulphomo acid (Saimse, A* 
188, 168) Dehquescent prisms 



BBOMO-BENZENE SULPHONIC AOIB 


fee 

Salts —KA'—BaA',Saq S (of BaA'J 
•143 at 10® -Ca A', 2aq.-~PbA', 8aq 
Chlortde C,K,Bt,SO^CI [127®] 

Amide 0 H,Br, SO^H, [215°] 

0 D1 broixo bensezLe stLlphonio acid 
C^^r,(SO,H) [1 2 4] [67°J From silver 

bromo benzene m or p sulphonate and bromine 
(Limpncht a Ooslich, A 186, 145) From 
C,H,Br(NH 2 )SOjH bydiazo reaction (Langfurth, 
A 191,179, Spiegelberg, ^ 197, 263) The free 
acid crystallises with 3aq [68®] 

Salts — KA' — NH,A' — BaA '2 2aq — 
BaA'jSaq S (of BaA'^) 3atll°— CaA^— 
PbA',2aq S (of PbA'J 26 at 7° — AgA' 
Chloride C^HjBr.SO.Cl Oil 
Amide CABr^SO.NH^ [175°] 
m Di-bromo-benzene snlphoaic acid 
C^H 3 Br 2 (S 03 H) [1 3 5] From dibrominated o 
orp amido benzene sulphonic acid by the diazo 
reaction (Limpncht, B 8, 1066 , A 181, 201 , 
Schmitt, A 120, 158 , Lenz, A 181, 23) It is 
also a product of the action of cone BL^SO^ on 
bromo benzene (Herzig, M 2, 192) Crystalline 
Salts — NH>' — KA' — Ba S^aq S (of 
BaA'j) 28 at 18® — CaA'j3^aq — PbA', l^aq 
S (of PbA'J 21 at 18® 

Chloride Cl [57 5®] 

Amide C^HjBr^SOjNHj [203®] 
m Ih bromo'benzene sulphonic acid 
CyHjBr^SOsH [1 3 4] [80® when hydrated] , 

[110® anhydrous] From C,HBr (NH,)bO H 
[1 3 4 6] by diazo reaction (Langfurth, A 191, 
184 , Bassmann, A 191, 232) Slender deli 
quesoent needles (containing aq) Sol alcohol, 
insol ether With HBr at 180® gives HjSO, and 
m di bromo benzene 

Salts -NH,A' — KA' — BaA',2iaq (L ) — 
BaA'j 2aq (B ) S (anhydrous) 2 at 10® (L ) , 
1 at 20® (B ) — CaA'j 3aq S (anhydrous) 
3 34 at 10® — PbA'j 3aq S (anhydrous) 1 43 
at 8® — AgA' 

Chloride C^HjBr.SO Cl [79®] 

Amide CgHjBr SO^NHj [190®] (anhydrous) 
p Bi bro no-benzene sulphonic acid 
C„H,Br,(S03H) [1 4 2] [128°] 

Formation — 1 By bromination of silver o 
or m bromo benzene sjlphonate (Bahlmann, A 
181, 206, Limpncht, A 186, 139) — 2 By sul 

f ihoration of ;> di bromo benzene (Douglas Wil 
lams, Z [2] 7, 302 , Hubner a Williams, A 
167, 117 , Wolz, A 168, 81) —3 From nitiated 
bromo benzene o or m sulphonic acid (Thomas, 
A 186, 129 , B ) — 4 From brommated amido 
benzene o suiphonic acid (B ) Prisms (con 
taming 3aq), [98®] Cone HBr at 250® gives 
andjp di bromo-benzene 
Salts -kf Boms, A 187, 350) — NH,A' — 
NaA' l^aq - K \ aq S (of KA') 5 79 at 21° — 
AgA'l|aq — AgA'Saq S (of AgA') 169 at 

10®— BaAV S 101 at 16®— BaA'^aq — 

BaA'j2aq — BaA'j 6aq —CaA',4aq S (of CaA'J 
5 90 at 22® — CaA'jSaq — CaA'jlOaq — PbA'jSaq 
6 (of PbA'j) 2 56 at 21° -PbA'j4aq — CuA'jllaq 
Chloride C„B 3 Br,(SO Cl) [72°] 

Amide C«H,Br,(SO NH,) [193°] 
Anhydride (Q,H3Br,S0^)20 Obtained by 
the action of fuming sulpnuno acid upon p di 
bromo-benzene. Aioorphoas powder Nearly 
insol alcohol, ether, i^nd benzene By boiling 
alkalis It IS oonverted into salts of the acid, 
very slowly attacked by bailing water PCI* con- 


verts it into the chloride (Bosenberg, B !«, 
653) 

m Di bromo-benzene di snlphonio acid 
C.HjBr 2 (SO,H)j FromC A(NOj)j(SO,H)j (Lim* 
pneht, B 8, 290) Deliquescent 

p Di-bromo-benzene disulphonic acid 
C,H 2 Br 2 (S 03 H)j. Formed by sulphonating p di- 
bromo benzene (Borns, A 187, 366) Small 
columns — K^A" — BaA" 4|aq ^ 

Chloride C«H,Br,(SO Cl}^ [161®] 

Amide C,H3r,(S0,NH,)2 [240®] 

Tri-bromo benzene sulphonic acid 
C^ELBrSOaH [1 3 5 6] [145®] (anhydrous) 

Formed by sulphonating s tri bromo benzene 
(Reinke, A 186, 271, Bassmann, A 191, 206) 
Also fiom C,H(NH 2 )Br,S 03 H [1 2 4 6 3] bydiazo 
reaction (Langfurth, A 191, 191) Six sided 
tables (containing aq) [95®] Water at 180® 
forms H^SO, and s-tri bromo benzene 

Salts — NH^A'aq — KA' 3aq — KA'aq S 
(of KA') 81 at 5 5 (B ; — BaA'^Oaq — BaA'j6aq 
— BaA',2aq S (of BaA’j) 41 at 6 5° (L ) , 22 
at 7 5® (B ) -CaA'. 8aq S (of CaA'j) 1 9o at 7° 
(L ) , 3 5 at 2 5® (B ) -CaA '2 4aq — CaA',7aq — 
PbA'^aq — PbA'j 9aq — PbA'^ 2aq S (of PbA'^) 
36 at 7® (B) -AgA'aq 

Chloride C,H,Br,SOjCl [65®] 

Amide CglL^BrjSOjNBLj Decomposes 
above 220® 

Tri bromo benzene sulphonic acid 
C^HBitSOjH [1 2 4 5] [140® anh^^drous] 

From (1, 2, 4, 5) or (2, 4, 1, 5) di bromo amido 
benzene sulphonic acid by diazo reaction (Lang 
fuith, A 191, 188, Remke, A 186, 288, Knuth, 
A 186, 303 , Spiegelberg A 197, 282) Needles 
(containing 3aq) [80®] With HBr at 200® gives 
H,SO, and C.H^Br, [1 2 4] 

Salts —NH,A'aq -KA'aq 8 (of KA') 1 03 
at 20® (B ) , 77 at 22® (S ) —BaA'j 3aq S 122 
at 12® — BaA '2 2aq — BaA' 6aq — CaA', 6aq — 
PbA '2 4aq — AgA' • 

Chloride -C^HjBr.SOjCl [86 5®] 

Amide -C HjBr.SOjNHj [c 225®] 
Anhydride (CjHjBrj 802)^0 Obtained 
by the action of fuming sulphuric acid upon 
tri bromo benzene (1 2 4) Amorphous powder 
Almost msol alcohol, ether*, and benzene By 
boiling aqueous alkalis it is converted into salts 
of the acid , only very slowly attacked by boihng 
water PClj converts it into the chloride {v 
supra) (Rosenberg, B 19, 654) 

Tn bromo benzene sulphonic acid 
C,,H 2 Br 5 SO,H [1 2 3 6] From di brommated 
amido benzene p-sulphonio acid (Lenz, B 
8, 1067 , A 181, 29) — NH,A' — KA' — 
CaA '2 2*aq S 89 at 20® — BaA', 3aq 8 (of 
BaA'j) 021 at 18°—PbA'2 34aq S 056 at 21® 
Chloride C^H^BrsBOjCl [127®] 

Amide C^HjBr.SO.NH, [210®] 

Tri bromo benzene sulphonic acid 
C^HjBr,SO,H [1? 2 3 5] From silver (1, 2, 4) 
di bromo benzene sulphonate and Br (Goslich, 
A 186, 164) Is perhaps identical with the 
preceding — BaA', sjaq 

Chloride [121®] Amide [162®] 

Tn bromo -benzeue inlphonio acid 
C^HjBrgSOjH [1 8 4*5] From nitrated (1,8, 5) 
di bromo benzene sulphonic acid (Lenz, A» 
181, 39) — KAaq — BaA'^aq 

Chloride C^^Br^SOjCl [86°] 

Amide C.HjBr.SOjNHj. BUekenz at ^5®. 
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Trl-bromo benieue lulphonio acid 
0«H^r,S0aH Possibly identical with the pre- 
ceding From nitrated (1, 4, 2) di bromo benz- 
ene Bulphonio acid (Boms, A 187, 864) — 
KA' 8]^aq — BaA'2 2aq 
Amide [above 220°] 

Tri bromo-benzene sulpbonio acid 
CflH^rjSOj]^ From silver bromo benzene o- 
anlphonate and Br (Bahlmann, A 181, 207) 
Chloride C.HjBrjSO.Cl [56°] 

Amide CyH^rjSOjNHj [202°] 

Tn bromo benzene snlphonio acid 
CaH^rjSOsH Formed at the same time as the 
preceding (B ) 

Chloride CaH^raSOjCl [72°] 

Amide O^H^BrjSOaNHj [187°] 

Nine tn bromo benzene sulphonic acids are 
here described, but only six are indicated by 
theory 

Tri-bromo benzene 4i sulphonic acid 

CaHBr,(SOjH )2 From benzene m di sulphonic 
acid by nitration, reduction, brommation to 
C,HBrj(NH )(S 03 H) 2 and diazotisation (Heinzel 
mann, A 183, 183) -Salt K,A" 

Tetra bromo benzene sulphonic acid 
C,HBr,SO,H5aq [1 2 3 5 6] 

Formation — 1 From C„HBr 3 (NH )S 03 H 
[1 3 5 4 6] by diazo reaction (Beckurts, A 181, 
216, Langfurth, A 191, 199, Knuth, A 18b, 
229 , Beincke, A 186, 282) —2 From C,H Br, 
and H SO, (Bassmann, A 191, 223) Needles 
Not hygroscopic but v sol alcohol and water 
Reaction — With cone HBr at 150° gives 
H SO, and (1, 2,3,5) tetra bromo benzene [98 5°] 
Salts —KA' S 63at6°— BaA '2 S 37 
at 12° (L ) , 16 at 15° (Ba ) — BaA', l|aq — 

CaA'j 8aq - S (of CaA'^) 54 at 3° , 66 at 19° 
(Ba) — NH,A' — PbA '2 PbO 3aq — PbA'^ l^aq 
S (of PbA' 2 ) 89 B± 11° (Ba ) — PbA '2 4aq 
Chloride C«HBr,SO,Cl [9b°] 

Amide CjHBr,S02NIl2 Minute needles 
Not melted at 300° 

Tetra bromo benzene sulphonic acid 
C,HBr,(SO,H) [1 2 3 4 5] [169°] From 

(1,2, 3,5) tn bromo benzene sulphonic acid by 
nitration, reduction, and diazotisation (Lenz, A 
181, 23) Also in the same way from (1,2,4, 5) 
tn bromo benzene sulphonic acid (Spiegelberg, 
A 197, 292) Laminoa (containing 2aq) 

Salts — KA'aq S (of KA') 194 at 11° — 
NH,A' S 95 at 11°— BaA'jaq S (of BaA' ) 
0204 at 10 6° — CaA'jSaq S (of CaA 2 ) 159 
at ll°-PbA'23aq S (of PbA'.) 0484 at 11° 
— AgA'laq S (of AgA^) 146 at 11° — AgA'aq 
Chloride C«HBr,S02Cl [120°] 

Amide C«HBr,S02NH2 Turns brown at 240° 
Penta bromo benzene sulphonic acid 
C.BrjSOjH S 548 at 10° From either 
tetra bromo amido benzene sulpKonio acid by 
iiazo reaction (Beckurts, A 181, 226 , Hem 
zelmann a Spiegelberg,^ 197, 306, Langfurth, 
A 191, 205) Needles or plates (containing oraq) 
Salts — NH,A' -KA'aq S (of KA') 11b at 
10 5° — CaA'24aq S (of CaA 2 ) 78 at 14° — 
BaA'^aq S (of BaA' J 0088 at 13° — BaA'^l^aq 
AgA'l^aq 

Chloride O^^Br^SO^Ol [154°] 

Amide C^BriSO^Hj Decomposes at 250° 

BBOMO-BSNZIBIHS v BaoMO di amido - 
DtfBKlITL. 


o-BBOMO-BEKZOZG AdB 0,H;Br02 i.e 
C,H,Br COjH [1 2] Mol w 201 [148°]. 

(Z , J a W ) , [150°] (B.) 

Formation — 1 From o amido benzoic acid 
(Richter, B 4,465) — 2 By heatmg CaH,Br(NOJ 
[1 3] with KCy at 180° (R ) — 3 By oxidation 
of o bromo toluene (Zincke, B 7, 1502 , Rahhs, 
A 198, 99), 0 bromo diphenyl (Schultz, A 207, 
853), or o bromo benzyl alcohol (Jackson a. 
White, Am 2, 316) 

Properties — Long needles (from water) , m 
sol water, v sol alcohol, and ether, slightly 
volatile with steam 

Salts — BaA '2 — BaA '2 2HOEt — Ca A'g 3aq 
— KA'2aq — ZnA'j — PbA'^HOEt — CuA'^aq 
[257°] — HOCuA' 

Methyl ether MeA' (247°) 

Ethyl ether EtA' (255°) 

Anihde C,H,Br CONPhH [142°] 
m Bromo benzoic acid CyH^BrCO^H [1 3] 
[156°] (280°) 

Formation — 1 From AgOBz and Br 
(Peligot, A 28, 246 , Angerstem, A 158, 2) — 
2 Fiom benzoic acid and Br in the sunshine 
(Herzog, N Br Arch 23, 16) or by heating 
them with water at 100° or 160° (Reinecke, Z 
18b6, 116 , 1869, 100 , Hubner, A 143, 233 . 
149, 131) — 3 By heating benzamide with Br 
and water (Reinecke, Z 1866, 367 , Friedburg, 
A 168, 26) —4 From m amido benzoic acid by 
diazo reaction (Griess, A 117, 25 , Hubner, A 
222, 100) -5 From C«H,Br(NO ) [1 4], KCy, 
and alcohol at 200° (Richter, B 4, 464) — 
6 By oxidation of m bromo toluene (Wio- 
blewsky, Z [2] 5, 332 , A 168, 156) or m bromo- 
benzyl alcohol (Jackson, Am 1, 93) — 7 By 
the action of a hot solution of cuprous cyanide 
m potassium cyanide upon m bromo diazo- 
benzene chloride (from m bromanilme), and 
saponification of the crude nitrile (Sandmeyer, 
B 18, 1496) — 8 From m di bromo benzene, 
ClCO^Et, ana Na (Wurster, A 176, 149) 

Properties — Crystalline , very slightly vola- 
tile with steam , si sol water, v sol alcohol 
Reaotwm — 1 Potash fusion gives m and 
a little o oxy benzcAc acid (Richter, Z 1869, 
467 , Baith, A 159, 236) — 2 The K salt fused 
with sodium formate gives isophthalic acid 
(V Meyer a Ador, A 159, 15) 

Salts — CaA '2 3aq — BaA '2 4aq needles, 
Methyl ether MeA' [32°] 

Ethyl ether EtA' (259°) 

Phenyl ether PhA' [66°] 

Chloride CeH,BrCOCl (239°) 

Amide C«H,Br CONH 2 [150°] 
mt9ile C.H^rCN [88°] (225°) From 

the amide (Engler, B 4, 708) Formed also by 
the action of a hot solution of potassium cu 
prous cyanide upon m bromo diazo benzene 
chloride (from m bromanilme) (Sandmeyer, B 
18, 1496) 

p Bromo benzoic aoid CgH^Br CO^ [1 4] 
[251°] Formation — 1 By oxidation of p 
bromo toluene (Hubner, A 143, 247 , Jackson a 
Rolfe, Am 9, 84), p-bromo ethyl benzene (Fit 
tig a Kfinig, A 144, 283), or p bromo benzyl 
bromide (Jackson, Aw 1,93) — 2 Fromp-bromo- 
anilme md p bromo thio carbmude, the latter 
when heated with copper at 190° giving n- 
bromo benzomtrile (Weith a Landolt, B 8, 715) 
Prqpcrfws,— Small needles (from ether) ot 
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plates (from 'water) V sL sol water, v sol 
alcohol and ether — AgA' 

Ethyl ether EtA' (236° unoor ) at 713 mm 
Formed, together "with p bromo benzyl alcohol, 
by boiling jp bromo benzyl bromide with aloo 
hoho KOH (Elbs, J pr [2] 34, 841) 

Phenyl ether [117°] Scales* 

Pyrogallyl ether [140°] 

Chloride [30°] (246°) Needles 

Amide C„H,Br CONH, [186°] 
AntltdeC,H^BrCONPhH [197°] Plates 
On nitration it gives a dinitro denvative [214°] 
(Baveill, A 222, 178) 

Anhydride (OgH^BrCOhO [213°] From 
p bromo benzoyl chlonde and sodium p bromo 
benzoate (J a R*) Minute oblong rectangular 
plates (from CHCl,) Insol water Converted 
by hot HOEt into the ethyl ether 

Di bromo benioic acid C«HgBr^CO^H [1 2 3] 
[147°] From (a) bromo amido benzoic acid 
[1 2 3] by diazo reaction (Hubner, A 222, 105) 
From (1, 2, 3) di bromo toluene (Nevile a Win 
ther, B 13, 965) Silky needles (from water) 
V sol hot water Heated with H^SO^ (3 vols ) 
and HjO (1 vol ) at 225° it gives o di bromo 
benzene [218 5°] 

Salts — BaA'jdlaq S (of BaA'j) 444 at 
16° - SrA'^daq — A'CuOH -KA'araq 

This acid is perhaps identical with the di- 
bromo benzoic acid [148°] prepared from o nitro 
benzoic acid, Br, and water at 200° (Claus a 
Lade, B 14, 1170) 

Dl-bromo-benzoic acid C^H^BrjCO^H [1 4 3] 
[163°] From {&) bromo amido benzoic acid 
[1 4 3] by passing nitrous acid gas into a mix 
ture of the acid, HBr, glacial acetic acid and 
alcohol (Hubner, A 222, 108) From nitro p 
di bromo benzene and alcoholic KCy (Richter, | 
B 7, 1146) From (I, 4, 3) di bromo toluene 
by oxidation (Nevile a Winther, B 13, 963) 
Long silkv needles (from water) Volatile with 
steam Heated witn H2SO4 (3 vols ) and water 
(1 vol ) at 225° gives p-di bromo benzene [89°] 
Salts — BaA'jl^aq — SrA'j4aq — ZnA'y — 
CaA'jS^aq — KA'aq 

This acid is probably fdentical with the di 
bromo benzoic aoid [153°] from 0 nitro benzoic 
acid, Br, and water at 200° (Claus a Lade, B 
14, 1170) 

Di bromo bezuoic acid O^H^Br^CO^H [1 3 2]? 
[160°-.167°] By oxidising di bromo toluene 
from di bromo m toluidme, [35°] (Nevile a 
Wmther, G J 37, 441) 

Bi-bromo-benzoio acid C„H;^Br2C02H [1 3 4] 
[169°] By oxidising di bromo toluene from di 
bromo m toluidme [76°] (Nevile a Winther, 

C J 37, 441) 

Di bromo-beniolo acid C^H^r-CO^H [1 3 5] 
[207° -210°] (N a W ) , [209^] (R ) , [214°] (H ) 
Formation — 1 By oxidation of di bromo 
toluene [39°] from di bromo p toluidme [73°] 
(Nevile a. Winther, C J dl, 437) — 2 From 
m di bromo benzene by nitration and treatment 
with aloohohc KCy at 250° (V v Richter, B 8, 
1423) — 8 From di brommated^ amido benzoic 
acid ^ilstein a Geitner, A 139, 4) — 4 From 
0aH^r(NH2)00^, aqueous HBr (S G 148), 
glacial acetic acid and N-0, at 15° (Hesemann 
a KShler, A 222, 171) 

Properties —Plates (from alcohol) Needles 
(from other solvents) 


Salts —BaA'a 4aq -CaA', 5aq — OdA',4a^ 
— CaA'a 6aq — NaA' aq — CdA'j 4aq 

Dubromo-bentoic acid O^H^rjCOaH [1 3 x] 
[223°~227°] Formed by heating benzoic acid 
with Br and water at 220° lAngerstein, A 
158, 10) Needles — BaA'j 2aq 

Di bromo benzoic acid CaHgBraCO^H [1 2 4] 
[229°-230°] (B ), [233°] (N a W ) 

Formation —1 CeH,Br(NH )C02H [4 8 1] is 
treated with ether and NjOj and the diazo- den 
vative treated with HBr (Burghard a Beutnagel, 
A 222, 184) —2 By oxidising the corresponding 
di bromo toluene from brorainated p toluidme 
(Nevile a Winther, C J 37, 439) — 3 A product 
of the action of Br onp nitro benzoic, or (1, 2, 4) 
di nitro benzoic, acid (Halberstadt, B 14, 908, 
2215) 

Properties — Colourless needles (from water)^ 
tables (from alcohol) 

Salts — BaA'j, 4aq'— ^SrA', 4aq — HOCuA' — 
AgA' — KA'craq 

Ethyl ether EtA' [38°] 

Amide C,H,BrCONH2 [151°-152°] 

Tn bromo benzoic acid CjH^r,(COuH) 

[235°j From m bromo benzoic acid and Br 
(Reinecke, Z [2] 5, 110) Tufts of slender silky 
needles , v si sol water — NH^A' — CaA'j 5aq 
Tn-bromo benzoic acid C^H^Br,CO^H 

[1 3 5 6] [187°] Fromtn brommatedm amido 
benzoic acid (Vollbrecht, B 10, 1708) Needles 
— BaA', 6^aq 

Tn-bromo-benzoicacid C^HgErgCO^H [195°] 
From (1, 2, 4) di bromo benzoic acid [229°] by 
nitration, reduction, and diazotisation (Smith, B 
10, 1706) Needles (from alcohol) — BaA'2 5aq 
Tn-bromo benzoic acid CgH^Br, CO^H [178°] 
From (1,4, 5) bromo amido benzoic acid (La'wne, 

I B 10, 1705) Needles — BaA'j 3aq 

Penta bromo-benzoic acid CgBrgCOjH [235°] 
From tn bromo benzoic acid* and Br at 200° 
(Reinecke, Z [2] 6, 110) Thin plates or flat 
needles (from alcohol) , thick needles (from benz- 
ene) , V si sol water — NH^A' — CaA'g 6aq 

Nitrile C^Br^CN [above 300°] Obtained 
by brominating benzomtrile (Merz a Weith, B 
16, 2892) 

o BROMO BENZOIC ALBESHfOE 

CgHjBr CHO [1 2] A heavy oil , formed by 
boiling o bromo benzyl bromide with aqueous 
lead nitrate (Jackson a White, i4m 8, 33,P Am, 
A 15,269) 

m Bromo benzoic aldehyde C*H3r CHOfl 3L 
Oil (J a W ) 

p Bromo benzoio aldehyde OgH,Br CHO [1 4], 
[57''] (Jackson a White, B 11, 57) 

BROMO BENZOIC SOLPHINIBE v Bbomo. 

SULPHO BENZOIC ACID 

BROMO -BENZOPHENONE G^H^BrO u$ 
CgHj CO CgH^Br [81 6°] Prom benzoic acid, 
bromo benzene and PjO* a([ 190° (Kollants a. 
Merz, B 6, 547) 

BROMO BENZOYL CHLORIBEv Chlonde of 

BeOMO benzoio ACID 

BROMO BI-BEN2SYL v Beoho-di PHSHTb* 

XTHAEB 

0-BROMO-BENZTL ALCOHOL 0,H^rO i.e. 
C^^Br CHa OH. [80°] Prepared by digesting 
o DTomo-benzyl acetate with aqueous ammonia 
at 160° OiystalliBes in white needles SoU 
hot water, ligroin, alcohol, ether, benzol, andOS^ 
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Volatile with steam {Jaokson a White, Am. 2, 
816, B 18,1218) 

m>Bromo-bexisyl alcohol O^H^Br CHpH 
From tn-bromo benzyl bromide and water at 130° 
(J a.W) 

jp-Bromo-benzyl alcohol C4H4BrCH,^OH [77°] 
Prepared bj^^ boilmg p bromo benzyl bromide 
with water *for 8 days Long elastic trana 
parent needles Sol alcohol, ether, benzene, and 
CS^ (Jackson a Lowery, Am 3, 246 , B 10, 1209) 
0 BROMO BENZYL-AMINE C,H,Br CHaNH^ 
Prepared by acting on o bromo benzyl bromide 
with alcoholic ammonia at 100° for 2 hours 
(Jackson a White, Am 2, 818) Colourless oil , 
sol ether Salts — B'HCl [208°] , needles — 
B'JH^tCl, ~B',K,CO, [95°] 

p Bromo - benzyl amine C«H^Br CHaNH^ 
From p bromo benzyl bromide and cold alco 
hollo NH, (Jaokson a Lowery, Am 3, 251) Oil , 
volatile with steam — B'HCl [160°] — B'^HaPtCl, 
— B'aHaCO, p.81°-133°j' small prisms 
Bi-o bromo di benzyl amine 
(C^H^Br CHJaNH [36°] From o bromo benzyl 
bromide and alcoholic NH, at 100° Trimetnc 
crystals , insol water (Jackson a White, Am 
2, 318 , B 13, 1219) -B'HCl [166°] -B'^HaPtCl, 
Bi p bromo di benzyl amine 
(C,H,Br CH.a),NH [50°] — B'HCl [183°] — 
B'aH,PtCle(J a W) 

Tn-tf bromo tn benzyl amine(C«H^Br CH2)3N 
[122°] From o bromo benzyl bromide and al 
coholic NH, at 100° (J a W ) Small prisms — 
B',H,PtCl, 

Tn p bromo tn benzyl4imine(C,H^Br CH^)3N 
Crystals (from ligroin) [92 ] , (from ether) [78 °] 
Slender needles , the hydrochloride could not 
be obtained — B'HBr [270°] , insol water — 
B'aHaPtCl^ (Jackson a Lowery, Am 3, 252) 

0 BROMO BENZYL BROMIBE 
C,H,Br CHjBr [1-C] [30°] (250°-200°) Bi 

bromo toliLene Prepared by brominating o- 
bromo toluene (Jackson, Am 1, 93 , 2, 315 , B 
13, 1218) Very pungent , volatile with steam 
Converted in ethereal solution by Na into an 
thracene, phenanthrene, 8 di phenyl ethane, and 
other products * 

m Bromo benzyl bromide C„H^Br CH^Br [1 3] 
[41°] Fromm bromo toluene and Br (Jackson, 
Am 1, 93 , B 9, 932) Pungent plates , slightly 
volatile with steam , very volatile with ether 
\apour 

p Bromo-benzyl bromide OgH^Br CH^Br [1 4] 
[62°] Formed by brominating p bromo toluene 
or benzyl bromide (Jackson, Am 1,93, Schramm, 
B 17, 2922 , 18, 350) Needles (from alcohol) , 
volatile with steam, very pungent Alcoholic 
KOH forms p bromo benzyl alcohol and p 
bromo benzoic ether (Elbs, J pr [2] 34, 340) 
BROMO BENZYL CTANIBE v Nitrile of 
Bromo phenyl acetic acid 

BROMO BENZTLIBENE PHTHALIMIBINE 
C,4H,,ONBr Phthahmidyl bromo benzyl [210°] 
Glistemng needles Formed by the action of 
bromine upon deoxvbenzoin carboxylamide 
0,H^(CO NJHj) CO CH^ C^Hj dissolved in chloro 
form (Gabriel, B 18, 2436) 

TSTRA-BROMO-BENZYLIBENE-BI-TOLYL- 
DIAMINE (PhOH),(NO«H3Bf,Me)3 [160°-165°] 
From benzylidene di p tolyl diaiiune and Br 
(Mazzarii Q 10, 870). 


j> BBOMO-BSNZTL MSBCAPTAH 

C,H,Br CH^SH [26°] ? From p bromo-benzyl 
bromide and alcoholic KHS (Jaokson a Harts 
horn, Am. 5, 268) Grystallme mass , msol 
water and glacial HOAo , sol alcohol, ether, and 
benzene — Hg(SC^„Br)3 sol hot alcohol 

BI BROMO BENZYL-PHENOL C„H^3r^OH 
[175°] From benzyl phenol in CS, and Br 
(Paterno a Fileti, O 3, 264) Amorphous 

BROMO-o? BENZYL-PHENOL STTLPHONIC 
ACIB C,H, C,H3(OH)BrS03H Salt — KA' From 
Br and C;H, C,H,(OHl SOsK{Rennie, C J 49, 409) 
Bromo -p benzyl-pnenol sulpbonio acid 
C^H, C,H3(OH)Br 8O3H [14x2] 

Salt — KA' (Rennie, C J 41, 35) 
p BROMO-BENZYL BULPHIBE 
(C„H4BrCH3)5S [69°] Prepared by boiling 
p bromo benzyl bromide with alcoholic Na^S 
Large thin plates Aromatic odour Insol 
water Sol ether, benzene, and CSj (Jackson 
a Hartshorn, Am 6, 267) 

p Bromo - benzyl disulphide (C^H^BrCH^jS, 
[88°] Prepared by exposing the mercaptan to 
air, and also by acting on p - bromo - benzyl 
bromide with alcoholic NajS Needles Insol 
water, sol ether, benzene, and CSj (Jackson a 
Hartshorn, Am 5, 269) 

p BROMO BENZYL SULPHOCYANIBE 
C^H.Br SCN [25°] From p bromo-benzyl 
bromide and potassium sulphocyamde The 
0 isomeride is an oil (Jackson a Lowery, B 10, 
1209 , Am 3, 250) 

BI p BROMO BI BENZYL BXJLPHONE 

(C<,H4Br CHj) SO2 [189°] From the sulphide 
and CrOa m HO Ac Needles (Jackson a Harts- 
horn, Am 5, 269) 

BROMO-BENZYL STJLPHONIO ACIB v 

Bromo toluene sulphonic acid 

BI BROMO BETORCINC«Br3Me2(OH)2[165°] 
From tetra bromo betorcin and HI Also by 
boiling a mixture of betorem (3 pts ), bromine 
(8 pts ) and CSg (100 vols ) The product is re- 
crystallised from light petroleum (Stenhouse a. 
Groves, G J 37, 401) Long needles 

Tetra-bromo betorcin C^Br^Me2(OBr)2 [101°] 
From biomine (6 pfS ), water (100 vols ) and 
betorcin (1 pt ) Dissolved in water (50 pts ) 
Crystallised from light petroleum ( S a G ) 

Large colourless prisms V sol ether, benz- 
ene and CSj, less so in petroleum 

BROMO -BRASILIN C.^H^BrO^ Obtained 
by brominating acetyl brasilin and saponifying 
the product Glistening red plates Y sol 
water Dissolves in KOH with a red colour 
Tetra acetyl derivative 
C„H,Br(OAc)40 [204°] (Buchka a. Hrck, B 
17, 685 , 18, 1140) 

Tn bromo brasilin CiaHjjBrjO, 

Tetra acetyl derivative 
C„H,Br,(OAc)40 [147°] SmaU white needles, 
ver> oxidisable (B a E ) 

Tetra bromo brasilin Oij^H^Br^O, Slender 
red needles Dissolves in alkalis with a violet 
colour Obtained by bromination of brasilin 
Tetra acetyl derivative 
C„H.Br4(0Ac)40 [222°] (B a E ) 

BROmO-BVTANE V Butyl BROMiDS. 
w a Bi-bromo-butane 04H,Br, % e 
OHjBr CHBr CH^-CH, Butylenebromtde (166®), 
S G y 1 820 Formed by the action of Br on n- 
butylene or n butyl bromide (WurU, A, 162, 28, 
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liinnemann, ill 161,190, Grabowsty a Saytzeff, 
A 179, 832) Na forme CH CH CHjCH, 

ai3 Di bromo butane CH, CHBr CHBr CH, 
(158°) S G 2 1 82 From CH, CH CH CH, and 
Br Converted by PbO and excess of water at 
150° into methyl ethyl ketone (Wurtz, A 144, 
236, Eltekoff, J R 10,219) 

Bi-bromo-isobutane (CHj)_jCBr CHjBi Iso 
butylene bromide (149°) S G ^ 18, ^ 
1 7434, H 1 7308 M M 11890 at 14 7° 
(Perkin) From isobutylene and Br (Linne 
mann, A 162, 36) By heating with excess of 
water at 150° it is converted into isobutync 
aldehyde , if PbO is also present some di oxy 
isobutane is also formed (Eltekoflf, J R 10,214) 
Di - bromo . butane C^H^Br, (155°-162°) 
Formed by brommatmg butane (Carius, A 126, 
215) 

Tri bromo isobutane C^H^Br, i e 
(CH 2 Br),CBr CH, (173°-183°) at 235 mm 
B G Jy 2 16 From isobutylene and Br (Norton 
a Williams, Am 9, 88) 

Tri bromo-isobutane C^H^Br, t e 
(CH,),CBr CHBrj (15o°-161°) at 235 mm 
From (CH,),C CHBr and Br (N a W ) 

Tn - bromo butane C 4 H;Br, (208°-215°) 
From bromo butylene (82°-92°) (Caventou, A 
127, 93) 

Tetra-bromo butane 

C^HgBr,! e CHjBr CHBr CHBr CH^Br Butinene 
or pyrrolylene tetra bromide [119°] Formed 
by combination of bromine with the butmene 
from di methyl pyrrolidine or from erythnte 
From erythnte, vinyl ethylene, or gasoils (Caven 
tou, 4 127,95, B 6,70, Henninger, B 6, 70, 
Grimaux a Cloez, C B 104, 1446, Bl [2] 
48, 31) From the gas obtained by passing 
acetylene mixed with etlivlene through a red hot 
tube (Prunier, Bl [2] 20, 72) On distillation it 
IS partially converted into the following body 
Colourless needles (from alcohol) Insol cold 
petroleum ether (Ciamician a Magnaghi, B 19, 
669) 

Tetra-bromo-butane CH, CBrj CBr, CH, (?) 
[40°] Erythrene tsobromffie Eryihnte tetra 
hromhydrtn Formed, together with the iso 
meride [119°], by combinmg butinene from 
erythnte with bromine Large colourless tn 
metric prisms or tables, ab 977b 1 1 682 
(Ciamician a Magnaghi, B 19, 569) V sol 
ether, alcohol, and petroleum ether Alcoholic 
KOH converts both this and the preceding into 
the same di bromo butinene C^H^Bij, which 
rapidly polymerises The latter absorbs Br, 
forming C^H^Br^ [67°] and C^H^Br, [170°] 

Tetra bromo butane C<H„Br 4 From Br and 
di bromo butylene (140°-150°) from fusel oil 
vid butylene (Caventou, A 127, 93) Crystalhne , 
decomposes at 200° 

Tetra-bromo butane CH, CH, CBr, CHBr,. 
From butmene prepared from methyl ethyl 
ketone by successive treatment with PCI, and 
alcohohc KOH. Sublimes at 105° (Bruylants, 
B 8, 410) 

Tetra bromo-isobutane C 4 H<^r 4 [205°] 

From di bromo isobutylene (166°) (Norton a 
Williams, Am 9, 87) 

Heza-bromo-butane O^H^Br^ [109°] Ob 
tamed by brommatmg isobutyl bromide at 170° 
The Yield u 90 p e of the ^eoretical (Merz a. 
\V’eith,B ll,224f0. 


Heza bromo butane O^H^Br. 

Br,.CHBr CHBr CH^r S G 1^ 2 9 Formed, 
together with the following, by heating erythnte 
tetrabromhydrm with Br at 180° (Colson, BU 
[2] 48, 52) Liquid, v sol ether, si sol 
alcohol Dilute KOH at 130° converts it mto 
potassium erythrate 

Heza bromo butane C^H^Br, pL70°] S G* 
3 4 Formed in small quantity as above (C ), 
Pearly scales, si sol ether and alcohol Fuming 
HNO, forms an oil C 4 ^H,(NO,)Br,(NO ,)2 S G 1 81 
DI BROMO BUTYL ALCOHOL C.HgBr.O^ t e 
CH, CHBr CHBr CH,OH Oil From butenyl 
alcohol CHj CH CH CH OH and Br (Lieben a 
Zeisel, 1, 828) Boiling water forms tn oxy 
butane 

wa DI BROMO n-BUTTL BENZENE 

C,„H, Br, t e CJI, CH CH CHBr CH Br From 
phenyl butylene and Br ( Aronheim, A 171, 229) 
Oil Reactions — 1 I>ed hot soda lime forms 
naphthalene — 2 HNO, foima a httle bromo 
phenyl propionic acid 

By Di-bromo n-butyl-benzene 
C„H, CHBr CHBr CH CH, [67°] From 
butenyl benzene and Br (Perkin, G J 32, 608) 
77 -Di-bromo n-butyl benzene 
C^Hs CBr^ CH, CHo CH, (“?) From butyl benz- 
ene and Br in sunlight Unstable oil (Schramm, 
B 18, 1276) 

Di-bromo n butyl benzene C,oH„Br,5 [70°] 
From n butyl benzene and Br first m sunlight, 
then heated m the dark (Radziszewski, B 9, 
261) 

aB Di-bromo-isobutyl-benzene 
C„Hj CHBr CBrMej From phenyl isobutylene 
and Br (Perkin, C J 35, 138) 

Tn-bromo-isobutyl benzene C,oH,,Brj [64°] 
From the preceding by successive treatment 
i with alcoholic KOH and Br (P ) 
BEOMO-BUTYLENE C^H^Br t e 
(CH 3 )^C CHBr (91°) Isocroty I bromide From 
isobutylene bromide and alcohohc KOH 
(Butlerow, Z 1870, 524) Alcoholic KOH at 
170° forms (CH,)^C CH OEt Moist Ag^O at 
100° gives isobutjric acid NH, has no action 
Bromo butylene C^HjBr (82°-92°) From 
fusel oil butylene by successive treatment with 
Br and alcoholic KOH (Caventou, A 127, 93) 
Bromo-butylene C^H^Br (87° i V ) From 
di bromo methyl ethyl acetic acid and aqueous 
Na^CO, (Jaff6, A 136, 300, Pagenstecher, A 
195, 126) 

Bromo-bntylene C^H^Br f97°) Formed by 
boiling the di bromide of angelic acid with water 
(Jaff6, A 135,300) 

Di bromo -ISO butylene C^H^Brj. (165°) 
From tn bromo - iso butane (156°-16l°) at 
235 mm (Norton a Williams, Am 9, 87) 

Di bromo butylene C^H^Br, (140°- 160°) 
From tn bromo butane (208°-216°) Forms a 
ci’ystalline di bromide C^H^Br^ which decomposes 
without meltmg at 200° (Caventou, A 127, 93) 
Di - bromo butylene C^H^Brj (148°-168°1 
From crotonylene and Br (Caventou, A 127,849) 
Di - bromo - butylene C^H^Br,. From tetra- 
bromo butane [119°] (from erythnte) and alco- 
hohc KOH Rapidly polymerises Combines 
readily with bromine (Grimanx a Cloez, BU [2] 
48, 81) 

Di - bromo - butylene C^HJBr, se. 
CH,CHCHBrCH,Br (190^200°) From the 
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oils depoiitod by compressed gas, by adding 
less than the calculated quantity of Br ana 
fractionally distiUmg Oombmes readily with 
Br, forming O.H^Br^ [119®] (O a 0 ) 

Hexabromobntylene C^Br^Hj [&3®] Pre- 
pared by further brommation of hexabrom 
iBobutane (Merz a Weith, B 11, 2240) 

aBEOMlI ft BUTYEIO ACID 04H^rO, ts 
CH, CHj CHBr CO,H (214®-217®) (110®) at 

«mm SG 1^164 S 7 

Formation — 1 By heating butyric acid with 
Br at 140° , or by the action of Br on silver 
butyrate (Fnedel a Machuca, A 120, 279 , 
Suppl 2, 70 , Gorup Besanez a Klinksieck, A 
118, 248, Naumann, A 119, 115, Ley, J R 
9, 129, Urech, A 165, 93, Tupoleff, A 171, 
249) — 2 From crotomc acid and HBr — 
8 From the bromide and water (Kaschirski, 
C C 1881, 278) 

Properties — Oil , mwtes with alcohol and 
ether NEt,, whether sdry or in aqueous solu 
tion, forms o oxy butyric acid (Duviilier, Bl [2] 
48, 3) NaOHAq acts similarly 

Salts — PbA'j — PbA', 2PbO —kgk\ 
Methyl ether MeA' (165°-172°) 

Ethyl ether EtA' (178°) (Lov6n, J pr 
[2] 33, 102) S G 12 1 346 Dry NaOEt forms 
an ether CgH,„0.(OEt)2 (252°) (Krestownikofif, 
A 208, 348) 

Bromide C^H^BrOBr (173°) From 
butyryl bromide and Br 

/3 Bromo butyric acid CH, CHBr CH COjH 
Formed in small quantity m the preparation of 
the a acid from crotomc acid and HBr (Hemi 
han, ^ 174, 325) 

7-Bronio butyric acid CHaBr CHj CH^ CO2H 
[33°J From butyro lactone and HBr (Henry, 
C R 102, 368) Tables or plates, si sol 
water, v sol ether 

Methyl eth^r Uek' (187°) SG&145 

Ethyl ether EtA' (197°) 8G £L36 
o - Bromo isobutyrto acid (CH3)2CBr CO2H 
[48°] (199°) S G I® 1 62 From isobutyrio 

acid and Br (Markowmkoff, A 153,229, Hell 
a Waldauer, B 10, 448) Tables Boiling 
water conveits it •mto o oxy isobutyrio acid, 
KHS acts similarly (Lov6n, J pr [2] 33, 105) , 
boiling baryta water forms also CHg CMe COgH 
(Engelhorn, A 200, 68) 

Ethyl ether Etk' (164° cor) SG2113 
Oil, smelling of raspberries and peppemunt 
(Markowmkoff, A 182, 336 , Hell a Wittekmd, 
B 7. 820, Lov6n, J pr [2] 33, 106) 

Bronude (CH,)2CBr COBr (163°) 

$ Bromo isobutyric hcid CHaBr CHMe CO2H 
[22°] From a methyl acrylic acid and cold 
cone HBr Crystals (from CS^). Boiling 
alkalis convert it into a methyl acrylic acid 
and a httle propylene (Fittig a Engelhorn, A 
200 , 66 ) 

aa Di bromo -butyric acid 
CH^^CH, OBrg CO2H (140°) at 8 mm S 8 
S G 1 96 From bromo butyric acid and bro- 
mine (Schneider, J 1861, 458 , Michael a 
Norton, Am 2, 15, Otto a Fromme, A 239, 
276) Thick oil Water or baryta water at 
120° forms a bromo crotomc acid (Erlenmeyer 
a MtlUer, B 16, 49) Converted by reduced 
silver into di eth\d maleic or xeronic acid 
CO3H QEt CEt CO Jk, butyric acid being formed 
VoL. I 


a0 Di bromo butyric acid 
CH, CHBr CHBr CO^ [87°] 

Preparation —From Br and crotomc or iso* 
crotomc acid dissolved m CS3 (KOrner, A 187, 
224, Michael a Norton, Am 2, 12, B 14,1202, 
0 Kolbe, J pr 133, 886) 

Properties — Large transparent prisms (from 
CS2) , sol alcohol, ether and hot water 

Reactions — 1 Boiled with water or NajCO, 
it gives 0 bromo propylene, bromo oxy-Butyrio 
acid, di oxy butyric acid, and bromo crotomc 
acid Water gives chiefly bromo oxy butyric 
acid, Na^CO, gives more bromo propylene, but 
no propionic aldehyde — 2 Warmed with a 
solution of NaOH it gives bromo crotomc acid 
Di bromo-iso-butyrio acid 
CH2Br CBrMe CO^H [48°] 

Preparation — By adding Br to methacryUo 
acid dissolved in CSj (C Kolbe, J pr [2] 25, 
373) Long prisms (from CS^) Boiling with 
water or Na^CO, produces CO^, acetone, soma 
propionic aldehyde, a very little bromo meth 
acrylic acid [C3°],and biomo oxy iso butyric acid 
{q V ) Warmed with solution of NaOH it gives 
bromo methacrylic acid and HBr 

Tn-bromo-butyno acid C^HjBr^Oj ^ e 
CH, CBfj CHBr CO,H ? [il4°] From 8 bromo. 
crotomc acid in CSj and Br (Michael a Norton, 
Am 2, 14) Rhombic plates, sol alcohol and 
hot water , sublimes readily 

Tn-bromo-butyric acid C^H^BrgO^ t e 
CH,CHBr CBrsCO^H? [111°] From a bromo- 
crotomc acid and Br V sol water and alcohol 
(M a N) 

Tri bromo-isobut3mc acid C4H Br^O^ From 
bromo a methyl-acrylic acid and Br (Cahours,A 
Suppl 2, 349) Prisms 

Tetra bromo-butyric acid C4H,Br,02 [115®J 
From mucobromic acid and Br (Limpricht, A 
165, 293) Monoclimc tables , si sol water 
Tetra bromo isobutyrio acid C^H^Br^Oj, 
From di biomo-a-methyl acrylic acid and Br(C ) 
BROMO ISO-BUTYRIC para ALDEHYDE 
((CH,),CBr CHO)„ [129°] When the product 
of the action of NH, on iso butyric aldehyde 
{q v) 13 distilled a product CgHuN is got This 
must be combined with bromine, and the com- 
pound,. (CH,),CH CH N CHBr CBr(CH,)3, after 
keeping for 3 months, is decomposed by water 
(Lipp, A 211, 353) Needles (from alcohol) 
Insol water, acids or alkalis, v sol ether, m. 
sol alcohol Does not reduce ammomacal AgNO* 
BROMO CATECHOL v Bjiomo-pyrooateohin 
BROMO-CAFFEtNE CgH^NA l206°J 
Caffeine combines with Br forming the orange- 
red bromide CgHioN^O^Br,, which is decomposed 
at 160° into HBr and bromo caffeine (Fischer, 
JB 14, 639 , Schultzen, Z 1867, 614 , Maly a 
Andreasch, M 3, 85) Crystals, si sol cold water, 
V sol NHgAq Reduced by zinc dust to caffeine 
Alcoholic KOH forms ethoxy caffeine 
BROMO-CAMPHOR v Camphob 
BEOHO CAMFHOEIO ACID v Oamphobio 
acxn 

BEOMO-CAPEIC ACID v Brouo decoio acid. 
BEOHO CAPEOIO ACID v Bbomo-hbxoio 

ACID 

BEOHO OAEBAHUJO acid V PBBxnL-CAX. 

BAllIC AGIO. 
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BBOXO OAEBAZOLB 0^ ABrN [199°] 
From its acetyl derivative and aloohoho EOH. 
Bhombio plates, v soL water 

Acetyl derivative CuHAcBrN [128°] 
From acetyl carbazole and Br Laminee, v aol 
alcohol and boilmg toluene (Ciamician a Silber, 
O 12, 276) 

TEI BEOMO CAEBOPYEEOLICAaD v Tat- 

BROMO r\ BBOL CARBOXYLIC ACID 

y BEOMO CAEBOSTYEIL C«H,NOBr t e 
.C(Br) CH 

I . (Py 1, 8) Bromo oxy 
\N C(OH) 

quinoline [206°] Formed by boiling o amido 
phenyl propiolic acid with dilute HBr (Baeyer a 
Bloem, B 15, 2149) Prepared by the action of 
biornine on carbostyril ether and saponification 
of the product by heating with HCl (Friedlander 
a Weinberg, B 16, 2082) Needles , may be 
sublimed The Br is not replaced by boiling 
with alcoholic KOH, but requires to be fused 
with KOH at 200°C 

BEOMO CAEVACROL C.oH.^BiO le 
C,H,Me(OH)Br(C,H,) [1 2 3 or 5 4] From bromo 
cymidine and HNOj Oil (Mazzaia, G 16, 194) 
BEOMO CHLOEALo Di CHLOBO BROMO ALDE 
HYDE 

BEOMO-CHLOEO- v Ghlobo bboho 
BEOMO CHLOEOFOEM v Dichlobo bbomo* 

METHANE 

BEOMO LICKEMVAZIS v Tbi amido-pub* 
«oL, p 172 

BROMO'CHEYSBKE v Chrysene. 

BEOMO . CHEYSOQEIirONE v Chbtso 

OUINONE 

BEOMO-CIKCHOKIKE v Cinchonine 
BEOMO-CnTBAMEKE v Bromo stybfne 
DI - BEOMO - CIKHAMEITYL - THIENYL - 
KETONE V Thienyl di bromo styrtl ketone 
a BEOMO CINNAMIC ACID C^H^BrO, le 
CH CBr CO*H [131°] 

Formation — 1 Together with alio a bromo 
cinnamic acid by the action of alcoholic 
KOH on the di bromide of cinnamic acid 
C^H^ CHBr CHBr CO^H (Glaser. A 143, 325) — 
2 From exo tn bromo jB phenyl propionic acid 
and water at 100° (Kinnicutt a Palmer, Am 4, 
26 , 6, 386) 

Preparation — Dibromide of cinnamic acid 
(50 grms ) is dissolved in hot alcohol and mixed 
with the calculated quantity (2 equivalents) of 
potash dissolved in alcohol The liquid is neu 
tialised with HCl and the alcohol boiled off 
The solution of the mixed potassium salts is 
filtered from bromo styrene [218°] The two 
acids are separated by partial precipitation with 
HCl, the o acid commg down first (Barisch, 
J pr 128,178) 

Properties — Long needles (from water or 
chloroform) V e sol alcohol 

Salts — NHjA' arborescent groups of flat 
needles, si sol cold water — kgh! si sol water 
— BaA'j thin rhombic lanunie 8 12 at 6° 
Insol alcohol 

Reactions — 1 Sodium amalgam reduces it to 
/3 phenyl propionic acid — 2 Alcoholic KOH 
gives phenyl propiohc acid. — 3 Br gives a tn- 
bromo phenyl propionic acid [132°] — 4 Both a 
and allo-a bromo-cihnamic acids may be reduced 
bv Dino-dust and glaiiial acetic aoid to cinnamic 
acid, which leema to tne same m both casot 


(Michael, / pr [2] 85, 867) —5 It not altered 
by dissolving m and poormg into water 

Methyl ether A'Me (169°) at 14 mm 
Formed by distillation of the isomenc methyl 
ether corresponding to the acid [120°] under 
ordinary atmospheric pressure (A a S ) 

Ethyl ether KEi (290°), (202*^) at 80 
mm , (160°) at 10 mm , (188°) at Rf) mm V D 
■=8 716 (obs ) (Michael a Browne, H 20,651) 
Formed by distillation of the isomeric ethyl- 
ether corresponding to the ocid [120°] under 
ordinary atmospheric pressure (Anschutz a 8el 
den, B 20, 1384) Prepared by passing HCl 
into a solution of the acid in alcohol (4 pts ) 
(Barisch, loc cit ) By cold cone H^SO, it is 
converted into benzoyl acetic ether (Michael a 
Browne, B 19, 1392) 

Chloride (153°) at 12 mm , clear oily 
hquid Formed by the action of PClj upon salts 
of the acid [131°] or of^its isomeride [120°] 
Amide [119°], vety thin pearly plates, 
si sol hot water 

Anilide [80°] , small white needles, which 
change into six sided plates (A a 8 ) 

Exo Bromo cinnamic acid C«H,BrOj [134°] 
Formed, together with the isomeride [159°] by 
the addition of HBr to phenyl propiolic acid 
Long needles (from water) Thick rhombic 
prisms (from chloroform) V sol alcohol and 
hot benzene, si sol CS„ hot petroleum ether 
and hot water — A'NH,** flat needles, sol hot 
water, si sol cold — A'gBa ghstemng rhombic 
plates, 8 776 at 6°, m sol hot water It is 
doubtful whether this acid is a distinct isome 
ride or is identical with the preceding acid , the 
solubility of the barium salt appears to pomt 
i to the former conclusion (Michael a. Browne, B 
20, 560) 

Alio a. Bromo>cinnamio acid 
C.H, CH CBr CO^H [120°] Formed, together 
with a bromo cinnamic acid [v Preparation) by 
boiling the dibromide o^ cinnamic acid with 
alcoholic KOH (Glaser, A 143, 330) Six sided 
lamincB (from water) or thick pnsms (from 
ether) V sol boiling water 

Salts — KA' deliquescent needles — AgA' 
The ammonium salt is deliquescent and v 
sol water (difference from a acid) 

Reactions — 1 Reactions 1, 2, and 4 described 
under o bromo cinnamic acid are also exhibited 
by the alio o acid Reaction 3 gives, however, 
a different tn -bromo phenyl propiomo acid 
[45°-48°] —2 On dissolving in H^SO, and 
pounng into water two products are obtamed 
{a) A substance Cj^.^O, , yellow needles [above 
260°], sol alkalis, alcohol, ether and benzene 
(6) A substance C^HjaBrjOj , large pearly plates 
[aoove 260°], insol alkahs, soL phenol, mtro 
benzene and anihne, insol most other solvents, 
forms a orystallme molecular compound with 
phenol , on reduction with zinc-dust and aoetio 
acid it gives a substance Cj-Hj^Oj which forms 
colourless crystals, [127°], sol alcohol, si sol hot 
water (Leuckart, B 16, 16) 

Methyl ether A'Me (146°) at 11 mm , 
from A'Ag and Mel , by distillation at ordinary 
pressure it is converted mto the methyl ether 
of the isoraeno acid [131°] (Ansohfltz a. Selden, 
B, 20, 1883) 

Ethyl ether MEi (174°) at 80 mm ,(177°) 
at 80 mm , Y D » 6 828 (obf ) (Miobaal a. 
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Browne, B 30, 551) From A'Ag and £tl Bj 
distillation under ordinary pressure it is oon« 
verted into the ethyl ether of the isomeno aoid 
[131®] (Anschutz a Selden, B 20, 1384) 

? BromO'Oinnamie acid 
CBr CH CO,H (?) [169°] Formed, together 
with the a<jjd [134°], by the action of aqueous 
IlBr upon phenyl propiolio acid at 0° Long 
flat needles (from water) , or rhombic plates 
(from alcohol) SI sol cold alcohol and ben- 
zene By cold cone KOH or NH, it is at once 
converted mto an indifferent insoluble oil 
Heating with HBr forms phenyl acetic aldehyde 
and acetophenone It combines with Br form 
mg a tri bromo hydro cinnamic acid [148^] 
Salts — NH^A'* long soluble needles — 
BaA'jS^ soluble concentric prisms — PbA'^ 
amorphous pp — CdA'j concentric needles 
(Michael a Browne, B H), 1378) 

Eihj/l ether A'Er (151°) at 16 mm , 
V D =8 948 (obs ) (M a B . B 20. 551) 

Bromo-cinnamic acid [153°] This was ob 
tamed by Erlenmeyer a Stockmeier by the 
addition of HBr to phenyl propiolio acid Aque 
OU3 Na^CO, converted it into phenyl acetylene, 
o bromo styrene C^H^CBr CH , and phenyl pro 
piolio acid Successive treatment with cone 
Jl^SO^ and water gave benzoyl acetic acid and 
biomo acetophenone Heating with HBr gave 
acetopftenone and a little phenyl acetic aldehyde 
(Erlenmeyer, B 19, 1936) According to 
Michael a Browne this acid is a mixture of the 
two acids [159°] and [134"] 
o>Bromo<cmuatnic aoid [1 2] 

CaH<(Br) CH CH CO^H Bromo 3 phenyl acrylic 
aetd [213-] Formed by diazotising o amido 
cinnamic acid and boiling the diazo compound 
with HBr (Gabriel, B 15, 2294) Flat colour 
less needles or scales Sol alcohol, ether 
and acetic acid,* si sol chloroform, benzene 
and eSj ^ 

m Bromo-cmnamic* acid 

[1 3] C,H,(Br) CH CH CO^H [179°] Formed 
like the preceding from m amido cinnamic acid 
(Gabriel, B 15, 2290) Long needles Sol 
alcohol, acetic acid, hot benzene, chloroform, 
and CSj 

p Bromo-cumamio acid 

[14] C,H,{Br)CACOaH [c 253°] Fine 
needles From p amido cinnamic acid (Gabriel, 
B 15,2300) 

Di bromo cmnamio acids CoHJBrjO^ i e 
CrfHj CBr CBr CO^H Bromine unites with 
phenyl propiolio acid producing di bromo cm 
namic [139°] and alio di bromo cinnamic acid 
[100°] The acid [139°] is not converted into 
an mdonaphthene derivative by cone H SO*, 

whereas the acid [100°] forms 

[123°] (whence hydroxylamine forms an oxim 
[196°], and aniline forms an anilide [170°]) 
(W Boser, B 20, 1273, 157b) 

o-BBOKO-CIKKAMIC ALBBHTBE G,H,BrO 
CH CBr CHO [73°] Formed fiom 
cinnamic aldehyde di bromide by splitting off 
HBr (Zincke a Hagen, B 17, 1816) Thick 
tables or large monoclinio pnsmB. CrO, gives 
bromo-cmnamic acid [131°] 
Phenyl-hydraMxdc 

OA O^HBr OH N^O,^g[180°],gli8teningyeUow 

p'atea 
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CH3 C(CO*H) CBr CO^(?) 

Fonnatvon — 1 From its anhydnde by boil- 
ing with water —2 From extra di-bromo pyro- 
tartaric acid, water, and Ag O in presence of a 
trace of HCl C,H^r,0 , » HBr + O H^BrO , (Bour 
gom, C R 88, 342 , 89, 418 , A Ch [5] 19. 285) 
Propel ties — Very unstable, giving off water 
even over HjSO^ and changing to the anhydride. 

Reactions — 1 Sodium amalgam forms pyro- 
tartai ic acid —2 Boiling KOH forms a syrupy 
dibasic acid C^Hp, — 3 Evaporation of its solu- 
tion produces bromo citraconic anhydride and, 
at a low temperature, the acid C^H O^, but 
at a high temperature * biomo citronio acid * 
C.HiBrO^ (B ) — 4 The aqueous solution treated 
with the equivalent of aniline gives a crystalline 
pp of the acid aniline salt [121°] Standing 
under water for a few hours, or heating the 
aqueous solution for a minute, converts it into the 
C(CHJ~COv 

phenylimide || \NPh [145°] This 

CBr CO ^ 

forms stellate groups of prismatic needles SL 
sol hot water , v sol hot alcohol , insol dilute 
HCl (Michael, Am 9, 180) An intermediate 
body IS the acid anilide C,H.^r(CO^) CONPhH 
[212°] (Michael, B 19, 1373) 

Saits — (NH ),A' — K,A" — CaA"2aq - 
CaA" l^aq — BaA" aq — Ag A" Decomposed by 
water at 130° giving off CO^ and allyiene 

Anhydride C.HJBrO, [100°] (220°) 

S G VI 935 (Kekul6, A Suppl 1, 130 , 2, 97, 
Lagermark, E 1870, 299 , Fittig a Krusemark, 
A 206, 19, Bourgoin, Bl [2] 31, 252, 82, 888) 
Formation — 1 From citraconic anhydnde and 
Br at 140° — 2 By distilhng cifm-dibromo tar 
taric acid — 3 From pyrotartanc acid, Br, and 
water at 120° Properties — Lammas (from CSJ, 
si sol cold water, v e sol alcohol and ether , 
volatile with steam 

Imide C H,BrO,NH [0 181°] From 

pyrotartnmide or citraconimide and Br at 150° 
(Mendini, O 15, 182) Lammro , may be sub- 
limed — C^H3BrO^N4g 

Di-bromo-citraconio acid Imide 
C H^r^O NH [144°] From pyrotartnmide 
or citraconimide and Br (M ) Lammfe , may 
be sublimed — C^H JBr^O^NAg 
BROMO-CODEINE V Codeine 
DI BBOMO- COLLIDINE v Dx baomo-tbi 

METHIL PYRIDINE 

BEOliO- COMPOUNDS Bromine omtes 
directly with most unsaturated compounds, 
but there are some cases m which it does 
not combine with them m the cold, 
fumaric, mesaoonic, teracomc, terebdenic, 
aconic, o and p ooumanc, and (3) hydropipeno 
acids (c/ Fiitig, A 227, 29) Aromatic com 
pounds combine with great difficulty with bro 
mine, but when reduced to their di or tetrn 
hydrides they take up bromine as readily as* the 
ordinary unsaturated compounds, Bromme dii> 
places hydrogen m saturated compounds, the 
displaced hydrogen bemg given off as HBr , this 
reaction usually requires the aid of heat Uie 
substance is generally heated with bromme and 
a little water m a sealed tube. 

Hydroxyl may be displaced by bromine by 
treatment with HBr or PBr^, mstead of FBr, 

o 0 a 
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r«d phosphorus and brotmPe maj be used, one 
of the two being added gradually 

Chlorine may be isplaced by bromine by 
treatment with the bromide of K, Mg, Ca, Sr, 
Ba, Al, Mn, or Co (Kohnlein, A 226, 194) 
Cdl3r^, SbBr, and AsBr, sometimes act similarly , 
thus AsBr, at 145® completely converts chloio 
acetic acid and benzyl chloride into bromo- 
aoetic acid and benzyl bromide respectively 
Iodine may be displaced by bromine by 
means of the bromides of Cu, Ag, Hg, Sn, Pb, 
As, and Sb BiBr, at 160° only partially con 
verts EtI into EtBr Bromine itself can dis 
place iodine (R Meyer, J pr [2J 34, 104) 

Amidogen may be displaced by bromine 
by using the diazo reactions (p 399) In aro 
matic compounds it is sufficient to add HNO, to 
a hot solution of the amine in HBr (Losamtsch, 
B 18, 39, V also AminfsI 

Carriers — The d eplacement of hydrogen by 
Br 18 assisted by the presence of carriers which 
first combine with the bromine, and then pass it 
on to the organic body The most suitable 
carriers for bromine are iodine, Al^Br^ (Gus 
tavson, B 10, 971) for benzene and homologues , 
amorphous P for fatty acids (Hell a Gautter, 
B 14, 891), SbBr,, Fe^Br,, FeBrg, and, better 
still, FeClj (Scheufelen, A 231, 154 , cf Will 
gerodt, J pr [2] 34, 264) 

Bromination of organic acids The follow- 
ing IS a very convenient method, which depends 
upon the fact that the acid bromides and an 
hydrides are much more easily brominated than 
the acids themselves The acid is mixed with 
amorphous phosphorus in quantity sufficient to 
convert it into the bromide or anhydride, and 
the corresponding quantity of bromine added 
together with the extra amount required for 
bromination The mixture is heated to 100° 
I ill decolourised, when the reaction is complete 
|Hell, B 14, 891) The bromination of fatty 
acids may also be readily effected by boiling 
their chlorides with Br and CS^ (Michael, J pr 
[2] 85, 92) Alkalis or water acting upon o- 
bromo acids usually produce o oxy acids, with /3 
bromo acids they form unsaturated acids, while 
7 chloro acids become lactones (Fittig, A 196, 
169, Erlenmeyer, B 14,1318, 16,49) 
Bromination of aromatic hydrocarbons 
Bromine m presence of a carrier enters the 
benzene nucleus , bromine alone, or in presence 
of too little lodme, enters the side chains of 
boiling hydrocarbons Sunlight promotes sub 
Btitution in the side chains (Schramm, B 17, 
2922 , 18, 360, 1272 , 19, 212) 

Bromination of aromatic amines Bromine 
goes first into a position p to the NHj, and then 
into the 0 positions, but not into a m position 
(Nevile a Winther, B 13, 962 , v also AmoMAHo 
COMPOUNDS, p 299) 

Stability of bromo- compounds Bromo com 
pounds are less stable than the corresponding 
chloro compounds , thus bromo acetic and 
bromo propionic acids may be converted by 
reduced silver into succinic and adipic acids 
respectively, m this they differ from the corre- 
sponding obloro but resemble the lodo acids 
The relative stabihty of the alkyl bromides de- 
pends upon the reagents attackmg them , thus 
Zn and H^SO^ reduces iso propyl bromide more 
quickly than propyl bromide, the order being 


isopropyl, isoamyl, butyl, propyl, ethyl , on the 
other hand, aloohoho NaOH attacks propyl 
bromide more vigorously than isopropyl bromide, 
the order being ethyl, propyl, isoamyl, butyl, 
isopropyl (Remsen a Hillyer, Am 8, 261) 

Other oharactenstioB of bromo- compounds 
may be inferred from the article ^n Ohloho- 
coMPouNDs , the bromo compounds rusemble the 
chloro compounds m almost every respect 
BROMO CONBtNE v Coniine 
BROMO - COTTMARIC ACID O.H.BrO,. 
Bromo o oxy cinnamic acid Methyl den- 
vative MeOC*H, C^BrCO,H [171°] S 
(CS^) 32 at 14° From the methyl den 
vative of a or jS di bromo melilotic acid 
MeO CjH^rj CO^H and aqueous KOH (Per 
km, O J 89, 422) Small prisms (front CS J , 
si sol boiling water, v sol alcohol Boiling 
dilute KOH forms the methyl derivative of 
camarilic acid MeO COjH 

Ethyl derivative EtO C^H^ C^HBr CO^H 
[164°] From EtO C,H, C,H,Br, COjEt and 
cold alcoholic KOH (P ) Flat prisms , si sol 
boiling water, m sol CS,, v sol alcohol 

(a).BROMO-COUMARIN C^H^BrO^ [110°] 
From coumann dibromide and alcoholic KOH 
(Perkin, C J 23, 368) Prisms , converted by 
alcoholic KOH into cumanhc acid 

{^) - Bromo conmarin C„HsBrO, [160°] 
From sodium bromo o oxy benzoic aldehyde 
and AcjO Rhombic prisms (from alcohol) 
(Perkin, 0 J 24, 37) 

(a) Di bromo coumann C.H^Brp^* [183°] 
From coumann, Br, and I (P ) Needles , alco- 
holic KOH forms bromo cumanhc acid 

(jS) Di bromo coumann C,H^Brp^ [176°] 
From sodium di bromo o-oxy benzoic aldehyde 
and Ac O Needles (P ) 

BROMO o CRESOL C,H,MeBr(OH) [1 3? 6] 
[89°] From bromo o toluidme (Wroblewsky, 
A 168, 165) Golden needles , v si sol water , 
the aqueous solution is turned green by Fe^Clu — 
KCjHgBrO aq red scales 

Bromo - m - cresol CjHjMeBrJOH) [1 3 5] 
[67°] From s bromo toluidine by diazo reaction 
(Nevile a Winther, G J 41,*421) 

Bromo -p . cresol 0„H,(CH,)Br OH [1 3 4] 
(214°) SG 1 6468 Liquid Formed by 
the action of dry bromine upon sodium p cresol 
Methyl ether C,H,MeBr(OMe) (226°), 
SG 1418, hquid (SchaU a, DraUe, B 17, 
2530) 

Di-bromo-o- cresol C,H 2 MeBr^(OH) [67°] 
From 0 cresol and Br Volatile with steam 
(Werner, J5Z [2] 46, 278) 

Di-bromo p cresol Cgtt 2 (DH,)Br 3 OH [1 8 6 4] 
[49°J Large crystals V sol alcohol, v si sol. 
water Excess of Br forms C,H 2 Brg(OBr) (W ) 
Benzoyl derivative OgH^MeBrjfOBz) 
[91°], white needles (Sohall a Dralle, B 17, 
2632 , Werner, Bl [2] 46, 278) 

Tii bromo tTi-cresol 0,HMeBr,(OH) [82°] 
From m cresol (W ) Needles (from alcohol) 
Tetra bromo p cresol OaBr 4 Me(OH) [109°]. 
From p cresol (Baumann a Brieger, B 12, 804). 
Plates , slowly decomposed by cold bromme- 
water mto CO, and tn-bromo phenoL 
BBOMO-CRE80L BULPHOKIO AOID 
O.H;MeBr(OH)(SO,H) [1 2 or 6 6? 8] Prom 
0 htomo toluene by sulphonntion, nitration, re* 
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duotion,and diazotUation (Schafer, A, 174,861) 
-~BaA',4jaq — BaA'2 — PbA',2aq 

Bromo oreiol aiilplionio acid 
CjH2MeBr(OH)(SO,H) [1 4 6? 8] From (3,1,2)- 
bromo toluene sulphonio acid by nitration, re 
duotion, and diazotisation (S ) — BaA^^Saq 
Bromo -orpgol Bulphomo acid 
C,H,MeBr(gH)(S03H) [1 4 ? 2] From (4,1,2)- 
bromo toluene sulphonic acid in a similar way 
— BaA'j aq 

Di-bromo-oresol sulphonio aoid 
C,HMeBr2(OH)(SO,H) From (2,1,4) - amido 
toluene sulphonio acid and Br (Hayduck, A 
174, 353) -KA'aq BaA'^Siaq 

o BBOMO-CEOTONIC ACID C^H^BrO^ t e 
CH, CH CBr CO,H [106 6°] 

Formation — 1 From ao di bromo n butyric 
acid add alcoholic KOH, NH,, baryta water, or 
Ag^CO, (Michael a Norton, Am 2, 15 , Erlen 
meyer a Muller, B 15, 49) — 2 From a/3 di 
bromo butyric ether a]jd*alcoholio KOH (Michael 
a Browne, 9,280) —3 Together with bromo 
pyrotartario acid by the action of bromine on 
propahe tn carboxyhc acid (Bischofif a Guthzeit, 
B 14, 616) 

Properties — Long needles (from water) , 
needles (from ligrom) , m sol cold, v sol hot, 
water — AgA' white needles, quickly affected by 
light — BaA'j 2aq 

Allp a Bromo orotonic acid 
CH3 dH CBr CO^H [90°] (K ) , [92°] (M a N ) 
From a/3 di bromo butyric acid (dibromide of 
crotonic acid) by treatment with alcoholic KOH 
(Michael a Norton, Am 2, 15) or NaOHAq (0 
Kolbe, J pr [2] 25, 394) 

Properties — Long needles (from water) , 
needles (from ligroin) , m sol hot water — AgA' 
needles, little affected by light — BaA , 8^aq — 
C/aA'2 6aq 

$ Bromo crotonic acid CH, CBr CH COjH 
[95°] From tetrolic acid and cone HBrAq at 
0*^ (Michael a Browne, Am 9,277, J pr [2] 35, 
258) Flat needles (from water) , feathery 
groups of tough needles (from ligrom) , si sol 
cold water, m sol hot water — AgA' amorphous, 
readily affected b v light — BaA'^ aq — KA' 
a$ Di bromo crotonic acid 
CH, CBr CBr CO^H [96°J From tetroho acid 
and Br (Pinner, B 14, 1081) — Boilmg with 
AgjO gives (C,H,Br)x [116°] 

BBOMO CTTMALIC AOID C,H2Br0,(C02H) 
[176°] Formed by the action of biomine on 
cumalio acid in acetic acid solution (Pechmann 
a Welsh, B 17, 2396) Colourless glistening 
needles Can be distilled m small quantities 
V sol alcohol, ether, acetic acid, and chloro- 
form, more sparingly in benzene, insol ligrom 
Methyl ether A'Me [134°], prismatic 
needles, sol idoohol and benzene, si sol ether, 
insol water Aqueous NH, converts it into the 
methyl ether of brom oxy nicotinic acid 

o-BBOMO n CDMENE C,H„Brtd C,H.BrPr 
[1 2] Bromo-n prcml hmzme (222 1 V ) A 
mixture of this body with the p isomende is 
formed by the action of Br on propyl benzene 
in the dark or on ethyl benzene mixed with I 
in diffused dayhght f Schramm, B 18, 1274) 
KMnO, gives o-bromo-Denzoic acid 

f Bromo-n-eumene 0,H,BrPr [1 4] (220° 

From 0,H,Pr and Br at 0° in presence of 
1 (Meyer a Mdller, B, 15, 698 , R Meyer, J pr 





$ Bromo n enmene 0,H, CHBr CH, CH,* 
Formed m the cold by the action of bromine 
(1 mol ) upon n-cumene m direct sunshine By 
further bronunation m sunlight it gives $ di- 
bromo n cumene C^H, CBrj CH^ CH„ but in the 
dark at 100° it yields a/3-di bromo n cumene 
C^Hj CHBr CHBr CH, (Schramm, B 18, 1275) 
o3 Di bromo n cumene OjH, CHBr CHBr CH, 
From allyl benzene {g v ) and bromine (Rug 
heimer, A 172, 131 , Radziszewski, C B 78, 
1163, Perkin, 0 J 32, 668) From n-cumeno 
and bromme at 160° (Wispek a Zuber, A 218, 
381 , cf S supra) Silky needles (from alcohol) 
/3i8 Di- bromo n cumene C^Hj CBr, CH^ CH, 
Phenyl ethyl ketone-di bromide Formed in the 
cold by the action of bromme (2 niols ) upon 
n cumene exposed to direct sunshine (Schramm 
B 18, 1275) 

t»aj8 Tri bromo n cumene 
C^Hj CHBr CHBr CHjBr Stycerin tn brom 
hydrin [124°] From cmnamyl bromide and Br, 
or by the action of HBr on the dibromide of 
cmnamyl alcohol (Grimaux, Bl 20, 120) 

Telra bromo n cumene C,H,Br^ Liquid 
(Fittig, ^ 149,827) 

o Bromo -cumene C^H^BrPr [1 2] Bromo 
isopropyl benzene (206° cor ) at 740 mm From 
isopropyl phenol and PBr, (Fileti, Q 16, 131) 
p Bromo cumene C«HjBrPr [14] (217 ) 

S G H 1 Prepared oy brommating 

cumene at O'* in presence of I (Jacobsen, B 
12, 430) With benzene, Na, and CO2 it gives 
cuminic acid (R Meyer, J pr [2] 34, 93) 

Penta bromo cumene C,H,Brj [97°] From 
cumene and Br (Meusel, Z 1867, 322 , Fittig, 
A 149, 326) Needles , si sol cold alcohol 
Bromo \{/ oumene C,H,(OH,),Br [1 2 4 5] 
[73°] (227°) White plates 

For?nation—l By the action of cuprous 
bromide upon diazo pseudo cumene (Haller, B 
18, 93) — 2 By the action of bromine (1 mol ) 
in ^e dark upon pseudo cumene , the yield is 
60 p c (Beilstem, A 137, 323 , Fittig, A 139, 
188 , 146, 138 , Schramm, B 19, 216 , Sdssen- 
guth, A 215, 243) *-3 By the action of bromme 
upon an aqueous solution of pseudo oumene- 
sulphonic acid (1 2 4 5) 76 p 0 is converted mto 
bromo ^ cumene, the remainder forming bromo- 
4^ cumene sulphonio acid C,HMe,Br(SO,H) 
[1 2 4 3 6] (Kelbe a Pathe, B 19, 1647) 

Bromo iff cumene C„H^Me,Br [12 4 8] 
(226^-229^) Colourless oil Formed by the 
hydrolysis of the sulphonic acid C,HMe,Br(SO,H) 
[1 2 4 3 5] by means of superheated steam at 
200° -210° By Mel and Na it yields c tetra- 
methyl benzene (Kelbe a Pathe, B 19, 1551) 
Bromo if/ oumene C,H,Me,Br [1 2 4 6] (287 °). 
Liquid , still fluid at — 16° Obtained by hydro 
lysis of the sulphonic acid (1 3 4 5 2] By sul- 
phonation it is reconverted mto the same sul- 
phonio acid (Jacobsen, B 19, 1223) 

» Bromo-i^-cuineneC„H,(CH,)jCH,Cl Peeudo* 
cumyl bromide Liquid Decomposes on dis- 
tillation Formed by the action in direct sun* 
shine of 1 mol of bromine upon 1 mol pseudo^ 
oumene (Schramm, B 19, 21^ 

Di-bromo-iH>^®2i* C„HM^e^r« [12 4 5 A]. 
[64°] (294°) Formed by the action of 1 mcL 

of bromme upon 1 mol mono bromo-piMud^* 
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etmi 0 n« by gaslight, or m the dark {Sohranua, 
B 19, 216 , Jacobsen, B 19, 1220) Long flat 
needlesrT sol alcohol 

«,-w^.Di-bromo ^ onmene G,Hj(CH,)(CHxBr), 
[12 4] Fseudo-cumylene bromide [97°] Flat 
ghstening needles (from petroleum ether) V 
sol alcohol and benzene Formed by the action 
of 2 mols of bromine upon 1 mol pseudo cumene 
%n direct sunshine (Schramm, B 19, 218 , Hjelt 
a. Gadd, B 10, 867) 

Tn-bromo-i^-cumene C,tMe,Br, [1 2 4 3 6 6] 
[226*^] or [2S3^ cor ] V sol hot toluene, si sol 
olcohol Formed by the action of Br (3 mols ) 
in the dark upon v|/ cumene (1 mol ) (Fittig a 
liEubinger, A lol, 264 , Schramm, B 19, 217 , 
Jacobsen, B 19, 1222) 

BBOMO i CUMENB SITLPHOiriC ACID 
0«HMe,Br(SOJI) [1 2 4 6 6] [c 121°] Formed 
by dissolving broino v|/ cumene [73°] in warm 
slightly fuming H^SO^ Needles (containing 
2aq) By treating the Na salt with zinc dust and 
aqueous NHj it is debrominated with production 
of (1,2, 4,6) pseudo cumene sulphonic acid 

Salts — A'N a aq — A'^Ca 3aq — C u A' ^ 4aq — 
BaA'j ^aq — KA'aq 

Amide C HMejBr(SO,NH ) [185°] , small 

needles, v sol alcohol, nearly insol water (Jacob- 
ten, B 19, 1218 , Kelbe a Pathe, B 19, 1553) 
Biomo \j/ cumene sulphonic acid 
CaHMe^r(SOj,H} [1 2 4 6 3] Formed, together 
with the di bromo acid, by the action of ClbO,H 
upon di bromo i)/ cumene — NaA'^aq 

Amide C^HMejBr(SO^NHJ [158°], thin 
needles (Jacobsen, B 19, 1223) 
Bromo-i)/-camene-8ulphonic acid 
C.HMe,Br(SO,H) [1 2 4 3 5] [116°] Colour- 

less needles Formed by the action of bromine 
upon an aqueous solution of pseudo cumene 
aulphonic acid [1 2 4 5], 76 p c of the pseudo 
cumene sulphonic acid is couNeited into bromo 
pseudo -cumene [73°J the remainder yielding 
the bromo sulphonic acid It is also formed by 
tulphonation of bromo pseudo cumene [1 2 4 3] 
The latter body is formed by the action of super 
heated steam upon it at 200°-210° 

Salts — NaA'aq — K#Vaq — AgA'aq — 
BoA'^ aq — PbA'j Saq 

Amide C„HMe 3 Br(SO,NH ) [188°], thm 

needles (Helbe a Pathe, B 19, 1547) 
Di-bromo-i//-cumene-8u I phonic acid 
C,Me,Br (SO,H) [1 2 4 6 6 3] Obtained by sul- 
phonation of di bromo pseudo cumene with 
sulphuric chlorhydrm 

Salts — NaA' — NaA'aq — BaA'^ 

Amide C„Me,Br (SOjNHj) [above 250°], 
plates (Jacobsen, B 19, 1222) 

BROMO it CUMEKOL C,HMe,BrOH 
[12 4 3 5] [35°] h ormed by bromination of 

pseudo ciunenol m cold acetic acid Slender 
yellow needles Insol water, v sol other sol- 
vents (Keuter, B 11, 29 , Auwers, B 18, 2657) 
Broino - Uo - cnmenol CJE,PrBr(OH) [2 4 1] 
[49°) Bromo tsopropyUphenol From o iso- 
propyl -phenol (o iBocumenol) and Br (Fileti, O 
io, 117) Decomposes at 260° 

Methyl ether OJB[,PrBr(OMo) (250°), 

Di bromo -il^-emneitol 

C^e^r*.OH [12 4 8 6^]. [149°] Formed by 
brommation of psendo-emnenol dissolved in a 
tmall qnanUty of soeite VKsid Lomg ooloorless 


pnsms or needles. InsoL water, m. soL idoohol, 
aoetio acid, and benzene, v sol ether 

Methyl ether 0^e,Br,OMe [96°] 

Formed by xnethylation of the above or by 
brommation of pseudo cumenol methyl ether. 
White needles Insol water, v sol other sol- 
vents (Auwers, B 18, 2657) 

Di broino - 1 ^ cumenol ^ 

C^Me,Br,OH [12 4 3 5 6] [152°J From 

C„HMe^r, [1 3 4 2 5] (Edler, B 18, 630 , Jacob- 
sen, B 10, 1220) 

D -bromo-iso-onmenoP 

C^H^PrBr^fOH) [2 4 6 1] From o iso cumenol 
and Br (Fileti) Liquid 

Methyl ether C,H,PrBr,(OMe) (279°), 

HNOj forms a nitro derivative 
C,H,PrBr(NO,)(OH) [2 4 6 1] [33°] 

BROMO - CUMINIC ACID C,oH„BrOj iS. 
C,H,Br(C,H )CO,H [151°] Bromo propyl 
benzoic acid From ^r and cuminio acid or 
silver cuminate (Naquet^a Luginm, Z 1866, 
833, Gerichten, B 11, 1719) From bromo 
cymene and HNO, (Fileti a Crosa, Q 16, 296) 
Bxo-bromo-cuminio acid CjH^Br C CO^ 
From Br and cumimc acid at 120° (Czumpehk, 
B 3, 478) 

BBOMO-CDMYL-BUTYEIC ACID 

C„H,^rO,te C^H^Pr CHBr CO,H [150°]. 
Fiom cumenyl crotomo acid and HBr Prisms 
Decomposed by Na COj giving allyl isopropyl 
benzene (Perkin, C J 32, bG2) 

BEOMO-CUMYL-PEOPIONIC ACID 
C^H^BrOj i e C«H,Pr CH, CHBr CO^H [87°] 
From cumyl acrylic acid and HBr (Perkin, C J 
32, 661) Resolved by boiling water into HBr 
and cumyl acrylic acid. Na^jCOjAq forms vmyl 
isopropyl benzene 

Di-bromo-cumyl-propionio acid 
C,H,Pr CHBr CHBr CO^H [190°] From cumyl- 
sciylic acid and Br (Widman, B 19,268) 

BEOMO CUMYL-VALEEIC ACID 
C„H,.BrO, t c C,H,Pr CA CHBr CO,H. From 
cumenyl angelic acid and HBr Prisms. 
Na^CO^Aq gives isopropyl butenyl benzene (Per- 
kin, C J 32, 663) 

BEOMO - CTANO - BENZEME v Nitrile of 
Bboho benzoic acid 

BEOMO p-CYMEKE C.^.^Br 
C«H,(CH,)(C,H,)Br [1 4 2] Bromo p methyl^ 
n propyl • benzene (234° i V ) S G ‘li 1 27 
Formation — 1 From cymene and Br (Lan- 
dolph, B 6, 267) — 2 Together with bromo p- 
cymene • sulphomo acid OJEI.^MePrBr(SO,H) 
[1 4 5 2] by the action of bromme upon an 
aqueous solution of p-cymene sulphonic acid 
(Kelbe a. Koschitzsky, B 19. 1730) —8 The 
same or the following bromo-cymene is formed 
by hydrolysis of bromo p-cymene-sulphonio acid 
C,a^ePrBr(SO,H) [1 4 5or6 2] a. K ) 
Bromo p-oymene C,*H,(CH,)(C,H,)Br [1 4 3], 
(232°) From thymol and PBr^ (Fileti a Crosa, 
O 16, 287) I ormed also by the action of 
bromine upon an aqueous solution of p-cymene- 
sulphomo acid (Me Pr SOgH » 1 4 3) (Claus a. 
Christ, B 19, 2165, v mwa) 

Di-bromo p-oymene C,^^eBr^ (272'). 
B G li 1 696 (Claus a. Wimmel, B 13, 903) 

(^ Bromo-tn itocymena 0,H,Me¥hrBr [1 3 6]. 
(225° cor) Formed together with bromo-iso 
oymeae sulphonic amd, by the action of bromine 
on m isocymene sulphonic aoid (Kelbe, A* 210, 



BROMO-DURENE W 


49 » ^35. 381} Oxidised hj d^ute HNO, to 
bromo toloio acid [210®] 

{$) Bromo-isocymene 0^,Me(Pr)Br [1 3 4] 
(224®) Got by distilling 0,H*Me(Pr)Br(80,K) 
[1 3 4 6] with superheated steam (Kelbe a Gzar- 
nomskii A 235, 293) Dilute HNO, oxidises it to 
bromo toluio acid C^IIjMeBrCOaH [1 4 3] [153®] 
Di-bromp-m isocymene CmHjjBr, (273® 
oncor) Obtained by brominatmg (a) bromo 
»?i-isocymene sulphonic acid (Kelbe a Czar 
nomski, A 235, 281) Converted by fuming HNO, 
intonitro bromo iso cymeneC,oH, 2 (NOJBr [83°] 
Bromo p cymene-sulphonic acia 
C^JBL^MePrBr(SO,H) [1 4 6or6 2] Bromo jp- 
methyl n propyl benzene sulphonic acid Formed, 
together with bromo p cymene C^H^MePrBr 
[1 4 2],),by the action of bromine upon p cymene 
sulphonic acid CBH 3 MePr(SOgH) [14 2] in 
aqueous solution at 40®-50° (Kelbe a Koschitzky, 
B 19, 1730) Formed #lso from cymidme by 
sulphonation and diazotisation (Widman, B 
19, 248) Sodium amalgam reduces it to n- 
cymene sulphonic acid 

Salts —KA'aq ~BaA '2 2^aq S 1 at 17® — 
BaA'j l^aq — CuA'g 12aq 

Amide C,H 2 MePrBr(SOgNH,) [162°] 
Bromo-p cymene-sulphonic acid 
C.H 4 MePrBr(SO,H) [1 4 2 5] Formed by sul 
phonation of bromo p cymene (1 4 2) with H^S 04 
(Kelb(s a Koschitzsky, B 19, 1732 , Claus a 
Christ, B 19, 2163 , Remsen a Day, Am 5, 
1511, or ClSOjH (Patemo a Canzoneri, O 11, 
12o) Long needles containing 8aq [c 60®] By 
zinc-dust and NH, it is easily debrommated to 
p-cymene sulphonic acid (1 4 6)? 

Salts — KA'3aq~PbAV S 21 at30® — 
AgA' — CaA'g 8aq — NaA' 4|aq (R a D) — 
ZnA'j8aq (R a D) — MgA'jO^aq (R a D) — 
CaA , 9saq (B a D ) — CaA', 6aq —BaA'j 9^aq 
(R a D ) — BaA' 5aq S 1 37 at 27® — CuA', 8aq 
Amide C 4 HjMePrBr(SOjNKJ [188®] 

(K a K ) [196°] (C a C ) 

Chloride C,HjMePrBrSOjCl [82®]. 
Bromo-p cymene -sulphonic acid 
C,Hj(CH,)(C,H,)Br(SO,H) [1 4 5 3] [180® 

uncor ] Formei^by brommation of an aqueous 
solution of p - cymene - sulphonic acid 
C 4 H,MePr(SO,H)[l 4 3] Ghstening colourless 
plates (Claus a Christ, B 19, 2166) 

(a) Bromo 180 cymene sulphonic acid 
C»HjMe(Pr)Br(SO,H) [13 6 4] [65®] and [126®] 
From (a) bromo iso-cymene by sulphonation, or 
from (8) isocymene sulphonic acid by bromina- 
tion(Kelbea Czarnomski, -4 235,277) Needles 
oontainmg 3aq (from water) After a week’s 
exposure over H^SO, it melts at 126® Salts — 
BaA', 7aq — CuA', 7aq - KA' aq — NaA'2aq 
Amide 0„H„Br SOjNH, [171®] 

(/3) -bromo m-iso-oymene sulphonic acid 
0,;H„BrBO,H le CAMe(C,H,)Br(SO,H) 
[18 4 6] [109®] Formed by brommation of 

fit isocymene sulphonic acid (Kelbe a. Czar- 
nomski, A 286, 272) Salts. —PbA',aq — 
BaA'j — CuA',4aq — KA'aq 

.4wi(ie-a,H,,BrSOjNH, [162®] 
BE0M(MnrMBtf0L OAMePrBr(OH) 

[14 8 2or6] From amido oymenol by the 
diazo- reaction. Oil (Mazzara, O 16, 191) 

Trl • bromo - oymenol C4Me(0,H,)Br,(OH) 
rail] [222®] Ghstening golden plates 
Wtmod shaking an aqueous solution of 


oymenol with a solution of bromine in BBr 
(Jesurun, B 19, 1414) 

BEOMO 07M1D1HE 0«H,MeBr(0,H,) NH, 
From bromo-mtro cymene laqmd (Mazzara. 
G 16, 193) 

BBOHO-DECAITE v Dbotii bbomidb 
Di-bromo decane OioH^Brj Decylene brom- 
ide. Oil From petroleum decylene (Beboul a. 
Truchot, A 144, 248) 

Bi - bromo - decane 0,oHjoBr,. Duxmylene 
bromide From diamylene and Br (Bauer, A, 
135, 344) Liquid Alcoholic KOH gives rutyl- 
ene C,oHi, (150®) 

Tri-bromo-decane 0,oH,oBr, Oil From 
diamylene and Br (Walz, Z 1868, 816) 
Decomposes at 100® 

Tetra-bromo deoane CioHjgBr^ Menthene 
tetrabromide From menthene and Br (Beckett 
a Wright, Report of British Ass 1875, ii 38) 
Oil, split up by distillation into HBr and 
cymene 

Tetra bromo decane Ci^HjgBr^ Decenylene 
tetra bromide From decinene (165®) and Br 
Oil (Beboul a Truchot, A 144, 249) 

Tetra bromo decane CioHjgBr^ From allyl- 
propylidene propyl methane (168°) and Br (lie- 
formatsky, J pr [2] 27, 889) 

DI BE0M0-DECINENESC„HpBr Described 
as hydrobromides of terpenes V also Bornvi, 

BBOMIDK 

Bi bromo -decinene C,oH,gBrj. From di 
amylene and Br, p 211 

Tetra bromo decinene D% bromo 

camphilidene dibromide [i60°-164°] From 
camphor and PClgBr^ (De la Boy^re, Bl [2] 38, 
679) Unctuous tables 

7 BEOMO-DECOIC ACID C,ja,pBrOj i.e 
CgH„ CHBr CHj CR^ CO^ From decenoio 
acid (g V ) and HBr (Schneegans, A 227, 92) 
Heavy oil NagCO, removes HBr forming the 
lactone of oxydecoic acid 

Di-bromo-^ecoic acid CjoHigBrjOj. Di bromo 
capric acid [136®] From decenoic ( ‘ amydecj 1 
enic ’ ) acid and Br (Hall a Schoop, B 12, 194) 
Monoclmio prisms (from benzene) 

DI-BEOMO-DE^YL ALCOHOL C,.Ha,Bi,0 
Oil From allyl di-isopropyl-carbinol and Br 
(Lebedinsky, J pr [2] 23, 22) 

BEOMO DECYLENE C,^„Br (215°) S G 
^ 1 109 Oil From decylene bromide {v sup ) 
and alcoholic KOH (Beboul a Tniohot, A 144, 
248) Alcoholic KOH forms C,^„ (166°) and 
C„H,gOEt 

Bromo decylene v Menthtl bbohibb 
Di- bromo -decylene C,gH,gBrj Decinene 
bromide Oil From C,oH„ and Br (B a. T )* 
Di bromo decylene C,oH,gBr 2 From ter- 
pilene hydride and Br (Montgolfier, A Ch. [6] 
19. 158) 

Di-bromo-decylene C,oH,gBry From rutyl- 
ene and Br (Bauer, A 136, 844) 

DI BEOMO DODECANE O.jHj^Br, [-16®> 
Dodecylene bromide Formed by the addition 
Br, to dodecylene (Erafit, B 17, 1871) 

BBOMO-ISO-DDEENE CgHBrMe^ [1 8 4 6 61. 
(258®) Liquid , sohdified by cold (Bielefeldt, A, 
198, 888) 

Bromo s durene G^Me^Br [1-2 4 5 8] [31®}, 
By brominatum of durene (GisamaBn, A. 213, 
210) Pearly plates (from alcohol) 
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IMi bromo c dureiie CioH,jBr, 1 1 C^Me^Br, 
[1 2 3 4 5 6] Di hromo prehmtene [210°] From 
e dareue, Br, and L Pnsms (J aoobsen, JB 19* 
1218) 

Di bromo-iso durene C,oH,2Bra [1 3 4 5 2 6] 
[209°] Long fine needles SI sol hot, v si sol 
cold alcohol Prepared by bromination of iso- 
durene (Jacobsen, B 15, 1853, c/ Jannasch, B 
8, 85C) 

Di bromo s dnrene C^Me^Brj [12 4 5 3 6] 
[203°] Needles (from alcohol) (Fittig a Jan 
nasch, 1870, 161 , Friedel a Crafts, A Ch 
[C] 1,615) 

BBOMO DUEENOL C.oH.^Br OH [118°] 
Formed by bromination of durenol in acetic acid 
Xfong prisms V sol alcohol and ether, insol 
water (Jacobsen a Schnapauff, B 18, 2844) 

DI BEOMO ENNANE C^H.gBr, Nonylene 
bromide From Br and ennylene (from paraffin) 
Alcoholic KOH forms bromo ennylene CpH„Br 
(c 210°) (Thorpe a Young, A 165, 18) 

BEOMO-ENNOIC ACID C H,Br CO^H 
From ennenoic acid CaH,,,02 and HBr Decom 
posed by warm aqueous Na^CO, forming an oil, 
probably C^H,, (Schneegans A 227, 83) 
BEOMO-ENNYLENE V Di bbomo ennanb 
BEOMO EEDCIC ACID C^oH^BrO^ [34°] 
From di bromo behenic acid and alcoholic KOH 
Converted into behenolic acid by alcoholic KOH 
(Haussknecht, A 143, 60) 

Di-bromo-erucic acid C22H^oBriOi [^7°] 
From behenolic acid and bromine (H ) 
BEOMO'ETBLAKE v Ethyl bromide 
Di-bromo-ethane v Ethylene bromide and 
Ethylidene bromide 

w-Tri-bromo-e thane CHBrj CHjfBr Bromo 
sthylene bromide (188°) at 752 mm S G ‘-j* 
2 6189, 2 6107 (Anschutz, A 221, 138) 

M M 12 897 at 11 7° From CHBr CHj, water, 
and Bi (Wurtz, A Ch [3] 51, 84) Also formed 
by the action of Br on ethyl bromide, ethylene 
bromide, or lodo ethylene (M Simpson, P M 
[4] 14, 644 , Caventou, A 120, 323 , TawUdarofif, 
A 176, 22, Staedel, B 11, 1741) 

Reactions — 1 Alcoholic^ KOH gives u di- 
bromo-ethyleno, bromo aoetylene, and acetylene 
2 « Di bromo ethylene is also formed by the 
action of alcoholic KOAc, water and PbO, and 
NaOEt (Michael, Am 6 , 192) —8 SbClj gives 
CHClj.CH^r (Henry, Bf [2] 42,262) —4 Benz- 
ene in presence of AljClj produces bromo benz 
ene, s di phenyl ethane, and u di phenyl-ethane 
(Anschiitz, A 235* 833) 

ti-Tetra-brosio-«thane CBr, CH.^r Acetyl 
tdene tetrabromide [108 6°) at 13 6 mm S G ^ 
2 9210 From CBr, CH!, and Br, (Anschutz, A 
221, 140 , Lennox, C J 13, 20b , Reboul, A 
124, 270) Also from tn bromo ethane and Br 
(Denzel, B 12, 2207) Decomposed by heat, 
giving off Br, and HBr Converted by ^nzene 
and Ai,Cl« into u di phenyl ethane, and s tetra 
phenyl ethane CHPh,.CHPh, [210°] bromo- 
oenzene and acetylene dibromide being also 
formed (Anschutz, A 235, 196) 

a-Tetra^bromo-ethane CHBr, CHBr,. Acetyl- 
ene tetra-bromide (114°) at 12 mm S G 
2*9629 Aoetvlene, from C,H4Br, and alco]i»olio 
KOH IB passed directly into bromme The pro 
duct, oontaifnng CIiBr,CH^r* is treated with 


alcohol and zinc dust and OHBr CHBr is sops* 
rated from CH, CHBr by fractional distillation, 
and IS then mixed with bromine (Anschutz, A 
221, 138 , cf Reboul, O B 64, 1229 , Sabanejeff, 
B 9, 1441 , A 178, 112) 

Properties — Smells of camphor and chloro 
form Takes up moisture from air, becoming 
cloudy At 185° it begins to deconfpose, giving 
off Br, and BtBr, and leaving C^HBr, With 
water and bromine at 185° it gives C^r^ and 
C,Bra Boihng alcoholic KOH forms acetylene 
and bromo acetylene Zinc added to its alcoholic 
solution forms acetylene dibromide in the cold, 
but on warming it forms acetylene With benz- 
ene and A1,C1, it forms bromo benzene, u di 
phenyl-ethane, anthracene, and anthraqumone 
(Anschutz, A 235, 161) AljCl,, alone forma 
CHBr, CH^Br and C^Br^ Toluene and^ Al^Cl, 
give di methyl anthracene [225°] o m and 
p xylene appear to gjve tetra methyl anthra 
cenes «i 

Penta bromo ethane CBr, CBr,H [49°] (S ), 
[54°] (D ) , [57°] (B ) (210°) at 300 mm 

Formation — 1 From CHBr CBr, and Br 
(Lennox , Sabanejeff, A 216, 281) —2 From 
bromo ethylene and JBr (Denzel, B 12, 2208) — 
3 From bromo acetylene and Br (Reboul, A 
124, 268) —4 By spontaneous decomposition of 
tn bromo ethylene exposed to air (Demole, Bl 
[2] 34, 204) — 5 From acetylene tetrabfomide 
and Br (Bourgom, Bl [2] 23, 173) —6 From 
succinic acid, water, and Br (Orlovsky, J R 
9, 280) 


Hexa bromo ethane C^Br^, Carbon hexa 
bromide Formed by brommating C^Br^H (Re 
boul) Formed also by the action of Br and A1 
on CCl,, CjCl^, or CjClg (Gustavson, J R 13, 
287) Also from mucobromio acid, water, 
and Br at 130° (Delbruck, A 165, 253) Prisma 
(from CSJ , insol alcohol At 200°-210° it 
decomposes, without previous *fusion, into Br 
and C,Br^ Unlike the latter, it is not volatile 
with steam 

BEOMO - ETHEK Y L - N AFHTHTLEHE.DI A- 
OCH, 

C 6 




[229°] Formed by reduction of the acetyl 
derivative of (13 4) bromo mtro (a) naphthyl 
amine with SnCl^ Small white needles V sol 
alcohol and ether, insol water The ethenyl 
group 18 very stable Salts — B'HCl — 

B'^H^SO/ sparingly soluble needles — 

B'HNO," fine white spanngly soluble needles 
(Prager, B 18, 2160, cf Meldola, 0 J 47, 606) 
BEOMO ETHOXY- v Bbomo oxt- 
BEOMO ETHYL-ACErO-ACETIO ETHEE v 
Bbomo aoeto acetio btheb 

w Bromo ethyl aceto-aoetio ether CgH^BrO, 
t e CH, CO CH(CO,Et| CH, CHyBr Heavy yel 
lowish oil of camphor like odour Not distillable 
Formed by dissolving trimethylene methyl 
CH,v /COCH, 

ketone-carboxylio ether I in 

on/ \CO,Et 

three times its weight of strongly cooled oono 
HBr (186 SG), allowmg to statid 10 mins at 
15° and pouring into iced water By boiling 



BROMO-ETHYLENE 


m 


with HOI it if converted into acetyl propyl alco- 
hol OH,OOCH,OH,CH,OH {v p 46) with 
formation of alcohol, OOj, and HBr (Perkin, jun , 
a Freer, 0 J 61, 833, B 19, 2665) 

BBOMO ETHYL ALCOHOL v Glyooii bbom- 

HYDRIN 

Bibromo ethyl alcohol CHBrj CH^OH (180°) 
B G ^ 2 35« From bromo ethylene and dilute 
HBrO (Demole, B 9, 49) Reduces ammomacal 
AgNOj Alcoholic KOH gives bromo ethylene 
oxide Acetyl derivative CHBr-CHjOAc 
(194°) S G 1 98 

BBOMO TBI. ETHYL AMINE Ethylo- 
bromide OaH^BrNEtgBr From NEt, and 
ethylene bromide Alcohohc KOH forms 
C^a NEtaBr (Hofmann, C R 49, 880) 

p BROMO ETHYL-ANILINE 0«H,Br NHEt 
From pf bromo-aniline and EtBr (Hofmann, A 
74, 146) 

p Bromo di ethyl ani^ne C«H^Br NEt^ [33°] 
(270°) Needles or pr\^ms Formed by bromi- 
nation of diethylamlme (Claus a Howitz, B 17, 
1327) 

p BBOMO ETHYL BENZENE C,H,BrEt 
ri 4] (204°) S G IM 1 34 From p ethyl 

benzene, Br, and I (Kekul6 a Thorpe, G J 22, 
8b6) From CyH^Brj, EtI, and Na (Aschen- 
brandt, A 216, 222) Does not solidify at 
— 20° A mixture of 0 andp ethyl benzenes is 
formed by the action of bromine in the dark 
upon ethyl benzene, or by the action of bromine 
in presence of 3 p c of iodine upon ethyl benz 
ene m diffused dayhght (Schramm, B 18, 1272) 
oj Bromo ethyl benzene C^H^ CH^ CH^Br 
(c 148°) at 30 mm S G i 311 Formed by 
direct combination of styrene with HBr (Bernth 
sen a Bender, B 16, 1983) Formed also by 
treating a mixture of benzene and bromo ethyl 
ene with Alicia (Hanriot a Guilbert, C R 98, 
62o) 

a Bromo ethyl benzene CaH^ CHBr CH, 
(37°) at 17 mm (c 160°) at 600 mm From Br 
and ethyl benzene at 140° (Radziszewski, B 6, 
492 , Berthelot, C R 67, 328 , Anschutz, A 
236, 328) Formed also by passing HBr into 
cooled phenyl methyl carbinol (Engler a Bethge, 
B 7, 1126) Partially decomposed by distilla 
tion into styrene and HBr 
» a Di bromo ethyl benzene 
PhCHBrCH^Br [74°j (140°) at 16 mm 

Styrene di bromide 

Preparation — 1 From styrene (10 g ), ether 
(26 g ) and bromine (17 g ) (Blyth a Hofmann, 
A 63, 306 , Zmcke, A 216, 288) —2 From hot 
ethyl benzene and Br (Radziszewski, B 6, 493 , 
Friedel a Balsohn, Bl [2] 36, 55) 

Properties - White plates or needles (from 
80 p c alcohol) V e sol ether, benzene and 
glacial HOAo, v sol alcohol or benzoline 

Reactions — 1 KOAc and alcohol at 160° 
gives chiefly jS bromo styrene (150°-160° at 
76 mm.) — 2 KOAc and glacial HOAo gives 
chiefly the diacetate of phenyl glycol, 
Ph OH(OAc)CH,(OAc) — 3 Alcohohc KOH or 
water at 190° give a bromo styrene (Glaser, A 
154, 164)— 4 Gives PhCH(OH) CH,(OH) by 
treatment with AgOAc, alcohol and AgOBz, or 
sqooous KjOO, AgOBz in presence of toluene 
forms Ph OH(OBz) CHo(OBz) —6 Benzene and 
Al^GL give c-di phenyl ethane (Anschilts, A 
g35, 328) 


Tri-bromo ethyl bMizene 0 A OHBr OHBr, 
^8°] From « bromo-styrene and Br (Fittig a. 
Binder, A 196, 142) Acted upon by benzene 
and AljCla m presence of CS^, it is converted 
into 8 tetra phenyl ethane [209°] ^ ) 

Tetra-bromo ethyl benzene CaHaBr4 From 
di bromo ethyl benzene and Br (Kinnioutt a 
Palmer, Am 6, 387) 

Penta bromo-ethyl benzene CaHjBr, From 
ethyl benzene, Br, and AyBr, (Gustavsen, Bl 
[2] 30, 22) 

Di bromo di ethyl benzene CttH^(CiH,Br)a 
(200°-230°) at 80 mm From bromo ethylene, 
benzene, and Al^Cl^ (Hanriot a Guilbert, 0 B 
98, 626) 

Bromo tetra ethyl benzene 08H(CjH5)<Br 
(284° uncor ) Heavy liquid (GaUe, B 16, 1745) 

Di bromo tetra ethyl benzene 0<,(0^5)4Br2 
[76°] (above 330°) Prisms V sol alcohol 
(Galle, B 16, 1745) 

BBOMO ETHYL BROMIDE v Di bbouo- 

ETHANB 

BROMO < ETHYL BBOMO - ACETATE v 

Bromo acetic Acro 

BROMO ETdYLENE OjHjBr le CHBr CH, 
Vinyl bromide (16°) S G ^ 1 6167 (Anschutz) 
Formed by the action of alcoholic KOH upon 
either di bromo ethane (Regnault, A Ch [2] 
59, 358 , Beilstem, J 1861, 609 , Glockner, A 
Suppl 7, 109 , Semenoff, J 1864, 480) Formed 
also from acetylene and HBr (Reboul, C B 
74, 947) Gas or hquid , when kept in a sealed 
tube and exposed to sunhght it changes to an 
amorphous polymeride, msol water, alcohol, 
and ether, S G 2 075 This substance carbon 
ises when heated (Hofmann, C J 13, 68 , Bau 
mann, A 163, 308) , it is not affected by boilmg 
alcoholic KOH Polymerisation is arrested by 
the presence of Mel or EtI, but not by chlo 
rinated or brommated hydrocarbons , a httle I 
stops polymerisation of the hquid, but not of 
the gas Aniline arrests, but SO2 promotes, the 
change (Lwow, Bl [2] 35, 169) 

Reactions — 1 Split up into HBr and acetyl 
ene by alcohohc KOH, NaOEt, NaOCjH,,, or am- 
moniacal AgNO, (S^itsch, Bl 1861, 7 , A 119, 
185 , Miasnikoff, Bl 1861, 12 , A 118, 830) — 
2 Cone HBr at 6° forms s di bromo-ethane , a 
more dilute acid gives u di bromo ethane (Re 
boul, A 166, 29, 212) —3 Fuming HCl at 100° 
forms CH, CHBrCl— 4 Cone HI at 4° gives 
CH, CHBrI, at 100° it forms also CHgl CH,Br 
(R ) — 5 Aqueous solutions of metalho 
salts either have no action or spht it up 
into acetylene and HBr (Kutscheroff, B 14, 
1532 , Linnemann, A 143, 847 , Saytzeff a 
Ghnsky, Z [2] 3, 675) —6 Successive treatment 
with cone H,S04 water forms crotonic aide 
hyde (Zmcke, A 191, 370) — 7 Aqueous BrOH 
at 0° gives CHBr, CH,OH, CHBr, CH^Br, and 
C,H,BrO, [40°-45°] (90°) (Demole, B 9,49) — 
7 Dry oxygen at 23° has no action —8 Id 
forms CHBrI CH^Cl and a less quantity of 
OH,! CHBrCl (Henry, C R 98, 680) -9 With 
benzene and AL^Ol, it produces styrene, ethyl- 
benzene, u di phenyl ethane, and di methyl- 
anthracene dihydnde (Anschutz, A 235, 331) 
If devation of temperature be avoided and the 
ALCl, be slowly added the products are 
O^HjO^jH^Br and C,H4(C,HBr), (Hannot a. 
Guilbert, C B. 98, 526) 
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»4MUbromo •thylene OHBr CHBr AcetyUns 
dUfrormdt (110‘’-1U“) S a ‘f* 8 27U (An- 
•ohUtz, A 221, 141) , 2 2 268 (Saban6eff, B 9i 
1441, Plimpton, C J 89, 636) , ^ 2 228 (S ) 
V D 6 47 (calc 6 44) —Formed by mixing acetyl 
ene tetrabromide (100 g) with alcohol (20 g) 
find adding zinc dust slowly, with cooling (A , cf 
Saban6eff, A 216, 252) 

Properties —Oil , does not polymerise 
Beactwns—l Heated for several days with 
60 pts of water at 135°, it is not affected — 
2 Heated with dilute KjCO,, bromo acetylene 
IB formed, which is spontaneously inflammable 
Alcohohc KOH and aqueous KCy also form 
bromo acetylene — 8 Heated with dry KOAc at 
160° for two days it forms CHBr CH(OAc), the 
acetate of bromo vmyl alcohol (Saban6eff, Bl 
[2] 41, 253) -4 Heated with AgOAc and a 
little HOAc at 100° it forms a compound 
f! ^R^R r^2 AgOAc This is decomposed by HCl 
With evolution of acetylene — 5 Combines with 
AgNO, — 6 With alcoholic KCN it forms a com 
pound which, on saponification, gives an acid 
C,H-0, [163°-168°] Its silver salt is C,H,Ag A 
/S ) — 7 Alcoholic KOPh gives CHBr CHOPh 
(0 223°) , S G 1 485 —8 With alcoholic 
NMe, at 120° it forms NMe^Br, NMe^HBr, 
NMe-H-Br, and carbonaceous bodies 

2NMe, -I- C^ 2 Brj = 2NMe,HBr + C, 
(Plimpton, G J 39, 536) —9 With NEt, it 
acta similarly — 10 Acta upon benzene in 
presence of AljCl, forming CHBrj CH^r, 
anthracene, and CA^^ CH^Ph (Anschutz, A 
235, 153) 

u Di bromo-ethylene CBr^ CHj Acetylidene 
mdibromide (92°) at 754 mm in CO^ S G ^ 
2 1780 (Anschutz) Irom CHBr CH^r by 
treatment with alcoholic KOH, NaOEt, sodium, 
or solid KOH (Cahours, C R 31, 293 , Fontaine, 
C R 70. 1361, Sawitsch, A 119, 183, Heboul, 
A 124,270, Tawildaroff, A 170,22, Michael, 
Am 6, 192) From CBr, CH^Br by boiling with 
alcohol and KOAc (Demole, Bl [2] 29, 205), or 
by treatment with zinc and alcohol (Saban6eff, 
A 216, 255) ^so from CACl CHBtj and al 
ooholic KOH (Henry, Bl [2] 42, 262) 

Properties —Pungent liquid, attacking the 
eyes Eeadily absorbs oxygen, changing to 
bromo acetyl bromide. Polymerises with great 
ease, becoming sohd 

Reactions — 1 HBrO forms CBr, CO CHj.CBr, 
[90°] SG 2 2 88 (Demole, B 11, 1710) — 2 
Benzene and ALA* give tt-di phenyl ethylene 
(Anschiitz, A 235, 168) 

Tn-bromo-ethylene CHBrCBr^ (163°-164°) 
g G W5 j^ 708 (S a. D ) , 2 2 69 (Demole, B 11, 
818) From di bromo ethylene bromide and 
alcoholic KOH (Lennox, A 122, 125) 

Preparation — Acetylene tetra-bromide (1 
moL) IS dissolved in twice its weight of alcohol 
and (somewhat more than 2 mols of) KOAc and 
Na^CO, (1 mol) are added, the mixture is 
heated on a water bath 24 hours with inverted 
condeoeer (Saban6efl a Dworkowitsch, A 216, 
280, cf Saban^ff, A 178, 122, Bl [2] 29,207) 
Reactions — 1 Alcohohc KOH or Zn and 
HOEt give a mixture of C H^ — 

2 Alcohohc KOPh at 100° forms phenyl di 
bromo vinyl oxide. — 8 Alcohohc KOPh at 170° 
forme the phenyl denvaiive of glyoxylic acid. 


PhOCH^CO^--4 Reacts upon benzene In 
presence of Al^Cl, producing a-di phenyl-ethyl- 
ene and tn-phenyl methane (Ansohdtz, A 235, 
836) — 5 Absorbs oxygen, becoming CHBr,.CO Hr 
(Demole a. Diin, B 11, 1302) 

Tn-bromo-ethylene (C^HBr,)* [174°] A 

by product m formation of C^HjBr^ from acetyl- 
ene (Sabandeff, A 178, 114) c 

Tetra-bromo ethylene C^r^ [64°] (216°) 

Formation — 1 By the action of Br on aloo 
hoi or ether (L5wig, A 3, 292) —2 From 
CjHBtj and alcoholic KOH (Lennox, A 122, 
126) — 3 From CH^Cl, and IBr, (Hdland, A 
240, 234) —4 From CBr 4 by heating at 220° 
(H ) — 6 From di bromo succinic acid, Br, and 
water at 190° (Bourgoin, B 7, 1644) 

Properties — Plates , volatile with steam , no* 
affected by oxygen even at 216° (D ) 

BBOMO-ETHYL-ETHKE v BnoMo ethyIi 

OXIDE • 

BBOMO-ETHYL-KAIRINE V Ethyl ether 
of Bromo [B 4) oxy (B 4)-ETH\ii quinoline tb- 

TRAHYDRIDE 

7 BEOMO-ETBYI-MAIONIC ACID 

te BrCH CR^CH(CO,H), [116°]. 
From vinaconic (tn methylene di carboxylic) 
acid and HBr (Roder, A 227, 19 , Peikm, jun , 
C J 47, 814) SI Bol benzene, CS, or light 
petroleum, sol chloroform Boiled with water 
it gives the lactone of -y-oxy ethyl-Aialonw 
acid {q V ) 

Bromo ethyl malonic acid 
CH,CHBrCH(COA )2 (?) [141°] From crol- 
aconic acid C.H.O, and HBr (Claus, A 191, 79) 
TEIBEOMO (a) ETHYL - NAPHTHALENB 
C.pH.BrjCA [127°] Slender needles Pre 
pared by the action of bromine on (a) ethyl* 
naphthalene (Carnelutti, B 13, 1672) 

BEOMO ETHYL (/3) NAPHTHTL ETEEB «. 

(0) NAPHTHOL • 

«a BEOMO DI ETHYL OXIDE 

CHBr CHj OEt (128 ) S G 1 371 V D 
5 29 (calc 6 28) From the lodo compound and 
Br (Henry, C R 100, 1007) 

bl w bromo di ethyl oxid^ CH^Br CHBr OEt 
From Br and vinyl ethyl oxide Very unstable 
liquid NaOEt gives CH^r CH(0£t)g (Wish 
cenuB, A 192, 111) 

Tetra bromo di ethyl oxide C^H^Br^O A 
fuming liquid obtained by saturatmg ethylidene 
oxychloride iwth Br at 120° (Kessel, B 10, 1667] 
Ooto-bromo di ethyl oxide C^H^BrjO (c 134°) 
at 460 mm By heating ethylidene oxychlonde 
with Br for 10 hours from 10<)°-210° (Kessel, B 
10, 1667) Fuming oil 

Eso exo- DI - BEOMO -o ETHYL • PHENOL 
From o ethyl phenol and 
Br in the cold Decomposed by distillation into 
HBr and C,H,Br(CA)OII (Smda a. Plohn, U 

1. 176) 

Tn bromo (a)-ethyl phenol C„HBr,Et OH, 
[55°] Formed, together with the following 
body, by treating (o) ethyl phenol with excess od 
Br in the cold (Fittig a Kiesow, A 156, 251) 
Eso exo- Tri-bromo-ethyl phenol 
C^H^r(OH) CHBr CHy3r [108°] Long white 
needles Obtained by the acti on o f alcoboho 
KOH upon OABr(OH) CHBr CHBr CO A* the 
product of the eotion of bromine upon p cou- 
mane amd 
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A^^iyl d^rivativ^ OJB,Br(OAo) OgH^Br,; 
1^4**] , noedlea (Bigel, B 20, 2586) 

Tetra-l»ro]iLo-«th 7 l phenol 0«Br4£t OH [106^ 

(v 8UV) 

BB0MO. TETEl. ETHYL - PHOSPHOKHTM 

BBOMIBE CH^r CH2.PEt,Br [235®] From 
P£t,aiid ethylene bromide in the cold (Hofmann, 
Pr 9, 287, 4 Supj^l 1, 154) Rhombic dodeoa- 
hedra 

BeaxitionB — 1 Moist silver oxide gives 
CH2(0H) CH^PEtyOH (difference from corre- 
sponding denvatives of AsEt, and NEt^ which 
give vinyl base) — 2 With silver acetate and 
water at 100° it gives acetate of the vinyl base 
C^,PEt, OAc — 3 Zinc and H2SO4 give 
tetra ethyl phosphonium bronude — i Alcoholic 
potash has no effect — 6 Combines with PEt,, 
AsEt, tfnd NH, forming di acid bases 

Salts — (CjH^Br PEt,Cl)2PtCl4 Pale orange 
monoclinic prisms, si soL cold, v sol hot, water 
— (C^H^Br PEtjCljAuCL — C^H^Br PEt,I 

Hydroxide — C^HjBr PEt,OH From the 
sulphate by the action of baryta Unstable, 
rapidly changing to CjH^H PEt,OH 
BBOMO EThYL-QIIIKOLINE 
C,H,(C2H4Br)N The hydrobromide is formed 
by heating quinoline with ethylene bromide — 
B'HBr thick needles — (B'2H2Cl2)PtCl4 orange- 
yellow needles (Berend, B 14, 1349) 

DI fROMO DI ETHYL SULPHATE 
(CH2Br CH )2S04 An oil formed by warming 
Ag2S04 with benzene and ethylene bromide 
(Beilstein a Wiegand, B 15, 1369) 

Bromo ethyl-snlphunc acid 
CH^Br CHj 0 SO,H From ethylene bromide 
and SO, (Wroblewsky, Z 1868, 563) — BaA', — 
PbA', 3aq, scales An isomeric acid appears to 
be formed by heating ethylene bromide with 
Ag^SO, and water (B a W ) 

BBOMO ETHYL THIOPHEHE 
C,SH2(C2H,)Br (195° unoor ) Oil Formed by 
shaking ethyl thiophene with bromine-water 
(Demuth, B 19, 684) 

Di bromo-(i8) ethyl thiophene C4SHBr2(C2H4) 
Oil Formed by adding 2 mols of bromine to 
1 mol of ()8) ethyl thiophene dissolved in acetic 
acid (Bonz, B 18, 660) 

Tn bromo {$) ethyl thiophene C^SBr,(C2H,) 
[108°] White plates SI sol cold alcohol and 
ether Formed by complete brommation of 
{$} ethyl thiophene (Bonz, B 18, 649) 

BBOMO 0 ETHYL TOLDEHE C,H,MeEtBr 
[1 2 4] (221°) Formed by brommation of o- 

ethyl toluene in presence of Fe^Br, Liquid 
By HNO, (1 1) at 200° it is oxidised to p-bromo 
o-tolmo acid [118°] (Claus a. Pieszoea, B 19, 
8088) 

Biromo-p-ethyl-tolnene C,H,MeBrEt [1 2 4] 
From p ethyl toluene and Br Oxidised to bromo 
p toloic acid (Morse a Bemsen, B 11, 224) 
wa-Di-bromo m-ethyl-tolnene 
O2BL CHBr CH^Br [46°] Formed by the 
oo^mation of m tolyl ethylene (m methyl- 
styrene) with bronune Colourless crystals 
(Mmier, B 20, 1216) 

Trl-bromo di-ethyl toluene C,^r,Me£t^ 
[206®] From (1, 8, 6) di ethyl toluene (Jacob- 
sen, B 7. 1486) 

TXl BBOMO-BTHYL-XYLEHE C,Br,£tMe, 

(Bw6.6.1 2:4] 2H bromo di methyl ethyl hem 


me, [91®] From ethyl-m-nykno (187°) 
(Anschat£,A 286,824) 

BBOMO-EDOEHOL C,H,Br(OMe)(OH)C,H,. 

Methyl ether 0,H:,Br(OMe)2. (190°) at 

20 mm S G fi 1 396 From the mbromide, hbt 
alcohol, and Zn (Wassermann, C7 B 88, 1206) 
Di bromide C,H Br,(OMe)2. Dimethyl ether 
of di bromo di oxy propyl-bmzene (78°) From 
Br and a well-cooled solution of methyl-eogenol 
in ether Silky needles 

Ethyl ether C,H,Br(OMe)(0£t) [48°]. 
Prepared by the action of alcohol and Zn on its 
dibromide (Wassermann, A 179, 385) B*- 

bromide C,H,Br,(OMe)(OEt) [80°] From 
ethyl eugenol and Br 

Di bromo eugenol C<,HBr2(OMe)(OH)^,HJ 
[69°] Glistening hexagonal pnsms V sol, 
alcohol Fonhed by boiling an alcohoho solu- 
tion of the di bromide with zinc dust (Chasa- 
nowitz a Hell, B 18, 824) 

Di bromide C,HBr2(OMe)(OH)(C,HsBr2) 
[119°] Ghstenmg quadratic or trimetric tables. 
Sparingly soluble m ether and cold alcohoL 
Formed by brommation of eugenoL 

BEOMO-FLUORENE 

C..H,Br t« <o°^r>CHr (102'>] From 
fluorene, CHCl, and Br in the cold (Hodgkinson 
a Matthews, C J 43, 165) Needles (from 
alcohol) V sol CHCl, Oxidises to bromo- 
di phenylene ketone. 

(a) Di-bromo-flnorene 

te Di bromo di- 

phenyleiie methane [165°] (Barbier, A Ch, 
[5] 7, 479 , Hodgkinson a. Matthews, C J 
43 164) Got by adding bromine to a solution 
of fluorene in CHCl, Monoclinic crystals, 
a 6 c = 1 167 1 1 065 , /3 = 77° 52' (Arzrum, Z 
Kryst 1, 624) Sol boilmg alcohol Turned 
yellowish by light CrO, gives di-bromo di- 
phenylene ketone 

Sulphonic acid C„H,Br2S03H. [142°], 
Formed by sulphonation with CISO^H m OHOl^ 
— BaA'j 

(0) Di-bromo-fluorpue 0„HgBr,, [163°], 
Formed together witn the preceding (Fittig a. 
Schmitz, A 193, 134) Monoohmc crystals , 
a 6 c = 663 1 697 0 - 78° 21' (A ) BeadUy 

changes mto two isomenc modifications (y) 
and (6) (Lehmann, Z Kryst 1, 626) 

Tri-bromo-fluo rene 

C„HrBr, »« [162»] From 

fluorene fl mol) m CS, and Br (3 mols) 
Oxidised oy CrO, to (0)-di-bromo diphenylexM 
ketone (B ) 

DI-B&OHO-FLVOBSSCElH 0,,H„Br,0,. 

[260°-270°] From fluorescein (1 mol ) and Br 
(2 mols ) m HO Ac (Baeyer, A 183, 1) Reddish- 
brown needles with green reflex. Dyes wool and 
Bilk salmon pink 

Di-acetyl derivative Oa,HyAo,Br,Oy 
[210°] 

Tetra bromo-fluoresceln 
(WrA .. 

Eostn, Formed by adding Br to a solution ol 
fluoresce in HOAo. It is pnnfled by oonver- 
Bion mto the K salt (Baeyer, A 183>, 88) 
Prepared by dissolving fluoreso^ (1 mo^ m 
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KaOHAq, adding a solution of Br (4 mols ) m 
NaOHAq, and acidifying Orange needles (con 
taming HOEt) (from alcohol), or flesh-coloured 
crystals Oj^HsBr^Oj (from dilute alcohol contain 
ing HCl) Tetra bromo fluoresce is v si sol 
water and benzene , its alkaline solutions are 
pink and show strong yellow fluorescence, they 
dye wool and silk pink Zinc dust and NaOH 
reduce it to a leuco compound, which is reoxi 
dised by air Potash fusion forms di bromo 
resorcin and di bromo resorcm phthalein Cone 
H^S04 forms O^oHjaBr^Ojo PCI, forms 
Sodium amalgam forms fluor 
escein Warming with cone KOH gives a 
deep blue solution whence HCl pps unstable 

o<c:mJ:(OHl>c(OH)c.H.co^ 

Salta — K,(C2oH«Br40J 6aq S 60 — 
K^"HOEt — (NH4),A" — BaA"2aq — CaA"^aq 
— Ag^" ~{HOPb)^" 

Methyl ether CjtoH^MeBr^Oj Methyl 
erythnn 

Ethyl ether CjoH^EtBr^Oj Erythnn 
Spirit soluble eosin brom K^A", KEtSO^, and 
alcohol at 150° From fluorescein, boiling alco 
hoi and Br Bed crystals (from alcohol). 
Formed, together with a colourless ethyl eosin, 
by heating silver eosin with EtI and alcohol at 
100° — KCaoHaEtBr^O^aq dyes a more violet 
shade than eosin 

Di-ethyl ether Oj^^Et^r^O, From 
AgjA" and EtI 

Acetyl derivative Cj^jH^Ac^Br^O, (?) 
[278°] 

BBOMOFOBH CHBr, Tn bromo methane 
Mol w 253 [8°] (161°) 8 0 2 2 8341 (T ) , 

U 2 9045 (Perkin, C J 45, 633) , §' 2 8842 (P ) 
C E (0°-10°) 000944 , (0°-100°) 0010116 

6V 103 53 (Thorpe, C > 37 203) MM 
11C26 at 17 9° (P) V D 8 63 (calc 8 75} 
(Cahours, A Ch [3] 19, 484) 

Occurrence — In crude bromine (Hermann, 
A 96, 211 , Dyson, C J 43, 36) 

Formation — 1 By the simultaneous action 
of Br and KOH, or of ‘ bromide of lime,’ on 
alcohol or acetone, or by v decomposing bromal 
with alkalis (L6wig, A 8, 295 , Dumas, A Ch 
[2] 66, 120 , Gunther, Ar Ph [3] 26, 873) — 
2 From CH^Cl, and IBr, (Holand, A 240, 236) 

Reactions — 1 Alcohohe KOH forms CO 
(3 vole ) and ethylene (1 vol ) but no formate 
(Long, A 194, 23) —2 Br m presence of dilute 
KOH m sunlight forms CBr^ (Habermann, B 
6 549) — 8 Beduced to CH4 by KI, water, and 
Zn or Cu (Berthelot, A Ch [3] 6 1 , 48) or by the 
copper zmo couple (Gladstone a Tribe, C J 
28 510) 

BBOMO - FXTMABIC ACID 0:^r(CO,H)^ 
[178°] 

Formation — 1 From iso di bromo succinic 
acid by heating at 180° or by boiling with water 
(^KekuM, A Svppl 2, 91 , A 130, I) —2 From 
01 bromo succinic acid and water at 140° 
(Bandrowski, B 12, 345) —8 By dissolving 
acetylene di carboxylic acid in strong aqueous 
HBr (Bandrowski, B 16, 2097) —4 From (J39)- 
dibromopyromucic acid and from (J3) bromo- 
pyromucic acid by dilute HNO, (Hill a Sanger, 
A 232, 82, 64) —6 From bromo maleic acid 
and cold fuming HBr (Fittig a. Petn, A 
m, 67) 


Properties — Lamlnsa, v e sol water, v. 
sol alcohol and ether At 200° it changes to 
bromo maleic acid or its anhydride So^um- 
amalgam forms fumario acid Br gi\es the 
same tn bromo succinic acid as with bromo- 
maleio acid Fuming HBr combines slowly m 
the cold , at 100° it quickly forms iso di bromo- 
succmic acid With its equivalentrof aniline it 
unites immediately to form the acid aniline salt 
This does not give an anilide on standing for 
weeks in contact with cold water On boiling 
its aqueous solution the same substance is 
obtained as on heating aniline bromo maleate, 
viz C,„H„NP2 [230°] (Michael, Am 9, 180) 
Salts —Agji" — Pb A" 2aq — A"H(NH4Ph) 
[154°] (Michael, B 19, 1373) 

Dimethyl ether [30°] (Anschutz, 

B 12, 2284) 

Di bromo fumario acid 

COjH CBr CBr CO^H [^20°] Colourless crystals 
Prepared by the addition^of bromine to acetylene- 
dicarboxylic acid On distillation it is con- 
verted into dibromomaleio acid [108°] 

Salts — Ag^' ^aq — PbA" (Bandrowski, B 
12, 2213) 

(fl) BBOMO-FTTBFTTBANEC^HjBrO (103°) 
From the corresponding bromo pyromucic acid 
by distilling with lime (Canzonen a Oiiveri, Q 
17, 42) Heavy oil 

(a) Di-bromo-furfurane C^H^BrjO 
nC = CBrv 

I >0 [10°] (63°) at 15 mm , (165°) 

HC = CBr/ 

at 704 mm Formed by adding bromine to 
an alkaline solution of (5) bromo pyromucio 
acid [184°] On oxidation it gives fumano and 
maleic acids 

Tetra bromide C^H^r^O [111°], by long 
boding with water it yields bromo fumano and 
bromo maleic acids (Hill a Hartshorn, B lo, 
1132, B 18,448, A 232, 53 f 

{$) Di-bromo-farfarane<^®^ 

Formed by distilhng di bromo pyromucio acid 
(1 pt ) with CafOH), (2 pts) (Canzonen a. 
OUven, O 15, 116) 

Tetra-bromo-furfurane C^Br40 [65°] From 
(By) di bromo pyromucio acid, or from tn- 
bromo pyromucic acid, water and bromine va 
pour Formed also by the action of alcoholic 
KOH on di bromo furfurane tetrabromide (HiU 
a Sanger, A 282, 86, 96, J? 16, 1132, 17, 
1760) 

Di’bromide C^r^O [123°] Six sided 
plates V sol ether, m sol alcohol and benzene 
By boihng with water it yields di bromo malelo 
acid (Hill a Hartshorn, B 18, 450) 
BBOHO-FTTBIL v Fubiu 
BBOMO-GALLIC ACID v Bbouo TSiiOZf • 

BENZOIC ACID 

TBI BBOMO-ODAIACOl C,H,Br,0, ♦«. 

CrtHBrj,(OMe)(OH) [102°] From guaiacol and 
Br (Tiemann a Koppe, B 14, 2017) 

BBOMO GDANIDINB CH.BrN, From 
guanidine carbonate and Br (Kamenski, B 
11, 1600) Needles, detonates just above 100° 
BBOMO-GDAHIirE C^4N,OBr From 
guanine and bromine, crystalhsed from water 
White powder SI sol boihM water, mpq!. 
cold water, alcohol or ether— #HC1 Pnin^ 
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Converted by NaNO, into bromo-xanthme 
(Fisoher a K^ae, A 221, 841) 

tUl BBOMO-HEMIMELLITHOli v Tbi- 
BSOUO TRI-lCBTHTL-BSNZEinS (1 2 3 4 5 6) 

BBOMO HEPTAKB v Hbpttl bbomtdib 
Bi-bronLOolieptane 0 Heptylene 

bromide S G 11* 1 615 From heptane of 
parafiin oihl Decomposea at 160^ (Thorpe a 
Young, A 165, 12) 

Di bromo heptane (211°) From 

heptane in the oil of Ptnics sabiniana (Venable, 
A C J 4, 22) 

Di bromo heptane CMe, CMeBr CH ^r From 
penta methyl ethyl alcohol and PBr^ Easily 
fuBible solid (Kaschirski, G C 1881, 278) 

Di bromo heptane 

GHjC^^CH CH, CH2.CH, CHBr, Heptylidene 
bromide From oenanthol and PCljBr, (Bruy 
lants, B 8, 409) 

Hexa bromo.heptanetC,H,oBrg From hep- 
tonene and Br Oil (Saytzeff, A 185, 144) 
a BBOMO.HEPTOIC ACID C.H.jBrO, %e 
CH, CH, CH, CH, CH, CHBr CO,H (250°) From 
Br and heptoio acid (Cahoura, A Suppl 2, 83 , 
Helms, B 8, 1168 , Hell a Schule, B 18, 625) 
Ethyl ether EtA.' (c 225°) SG 1 211 
TETBA BBOMO-HEPTYL ALCOHOL 
C,H„Br,0 1 e (CH Br CHBr CH ),CH OH From 
di allyl-carbmol and Br (M Saytzeflf,^ 185,135) 
Oil , 

Acetyl derivative C,H,,Br,OAc Con 
verted by AgOAc into C,H,,0(0Ac)j, S G J 1 180, 
whence baryta forms a syrup C7H,,0(0H), 
(Dieflf, J pr [2] 35, 17) 

BaOMO HEPTYLENE C,H„Br (158°) 
From the heptylene bromide of Venable 

Bromo heptylene C;H,,Br (165°) From the 
heptylene bromide of Bruylants 

BBOMO-HEXADECANE v Cetyl bromide 
Di'bromo-hexadecane C,#H„Br, Cctene hto 
mide [13^°] * Colourless crystalline solid 
Formed by addition of Br, to cetene (Krafft, B 
17, 1373) 

BBOMO-HEXANE v Hexyl bromide 
Di-bromo-hexane C^Hj^Br, i e 
CH, CH, CH, CHBr CHBr CH, (196°) at 740 
mm 8 G ^5® 1 5809 From the corresponding 
hexylene (Erlenmeyer a Wanklyn, A 135, 141 , 
cf Hecht a Strauss, A 172, 69 , Hecht, B 11, 
1423) 

Di-bromo hexane Me,CBr CBrMe [170°] (K ), 
[140°] (E ) From Me C CMe, and Br Needles 
(from ether) Converted by heating with water 
and PbO at 150° into pinacohn (Pawlow, A 
196, 124 , Eltekoff, J R 10, 220 , Kaschirsky, 
J R 13, 84) 

Di bromo hexane Me^C CHBr CH,Br From 
MejC CH CH, Crystalline (Fnedel a Silva, Bl 
[2j 19, 289) 

Di bromo hexane C^H„Br,. (211°) From 
hexane of petroleum (Pelouze a Cahours, A 124, 
293) 

Tetra bromo hexane C^HjoBr. Dtallyl 
tetrabromide [63°] From diallyl and Br 
(Wagner a Tollens, B 6, 688) 

Tetra bromo-hexane C^HioBr^ [142°] From 
iodo hexylene and Br (Bouohardat, Z 1871, 
699) 

Tetra-bromo hexane 0^,oBr4 From hexi- 
Dene denved from mannite (Hecht, B 11, 1054) 


Tetra.bromo>hexane C^i^r^ From hexi 
nene from di-methyl-allyl-carbmyl chloride 
(Saytzeflf,JB 11,2162) 

Tetra bromo hexane C^,oBr 4 [112°] (318° 
cor ) From heimene denved from 00 ^ tar 
(Schorlemmer, A 139, 26(B 

Hexa bromo hexane From di- 

allylene (Henry, Bn 1, 199) 

Hexa-bromo hexane O^Br. [77°]. From 
di bromo diallyl (Henry, B 7, 23) 

Hexa bromo hexane CeHgBrg. [162°] From 
sec hexyl iodide and Br at 130° (Merz a Weith, 
B 11,2250) 

Hexa bromo hexane C^HgErg From hexane 
and Br at 125° (Wahl, B 10, 1234) 

Octo bromo hexane C^H^Br, From hexane 
and Br (W ) 

Octo bromo-hexane CgH^Brg [135°] From 
sec hexyl iodide and Br at 130° (M a W ) 

Octo bromo hexane CgH^Br^ Dipropargyl 
octohromide [141°] (Henry, B 7, 21) 

BBOMO HEXENOIC ACID cXs^Pr -Ch* 
bromo-hydrosorbic acid [95°] From sorbic acid 
and Br Laminae (Fittig a Kachel, A 168,287) 
DI-BBOMO HEXINENECgHgBrj. Di bromo 
diallyl (210°) SGi51656 From diallyl tetra 
bromide and solid KOH (Henry, J pr [2] 8, 67) 
Tetra bromo hexinene CgHgBr^ Propargyl 
tetrabromide S G ^ 2 464 Laquid (Henry, B 
6, 959) 

a BBOMO 7t-HEX0IC ACID 

j CH, CH;,.CHj CH^ CHBr CO^ Bromo-caproie 
' acid (240°) From caproio acid and Br 
(Cahours, A Suppl 2, 78) 

Ethyl ether EtA' (205°-210°) (HeU,B 17, 
2218) 

7 Bromo n hexoio acid 

CH, CH,.CHBr CH, CHj.CO,H From hydro- 
sorbic, or iso hydrosorbic, acid and HBr Oil 
Sodium amalgam reduces it to n hexoio acid 
Boiling water converts it into hydrosorbic and 
oxy hexoio acids (Fittig, A 200, 42 , Hjelt, 

15, 618) 

7 Bromo lao hexoio acid 
Me,CBr CH, CH, CO,H 

Ethyl ether h^Ei Formed by saturating 
an absolute alcohoho solution of isocaprolactone 
with HBr By distillation it is decomposed into 
the original lactone and EtBr (Bredt, B 19, 514) 
Bromo hexoic acid CgH^BrO, [86°] From 
iso pyroterebio acid and HBr Prisms AgA' 
(Lagermark a Eltekoff, J R 11, 128) 

Bromo hexoic acid CgH,,BrO. [26°] From 
ethyl crotonic acid and cone HBrAq Sodium- 
amalgam forms hydro ethyl crotonic acid. 
Aqueous Na,CO,Aq even at 0° forms amylene, 
NaBr, and CO, 

ajS>Di-broaao-iBO-hexoio aoid 
Pr CHBr CHBr COjH [99°] From pyrotere- 
bic acid and Br (W C Williams, B b, 1095 , 
Geisler, A 208, 46) Large crystals (from CS,) 
Di-bromo-hexoic acid C^H,oBr,0,. [68°j 

From sorbic acid and fummg HBr Boiling 
water or alkalis produce sorbic acid, and other 
bodies (c/ Hjelt, B 16, 620) 

Di-bromo-hexoio acid CgH,JBr,Os. From 
hydrosorbic aoid and Br m CS^ Liquid , de- 
composed by boiling water, giving oxy hydro- 
Borbio acid (Fittig, A, 161, 814 , 200, 46 , H^ell, 
B 15, 619). 
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Bl-broxBO-hesoU aeld From iso- 

•orbio acid and HBr Oil (L a , E ) 

Di-bromo-hexolo aeid CHEtBr CMeBr OOjH 

r j From methyl ethyl acryho acid and 

Monoclimc crystals, ah 96 1 163 ^ = 
94° 36' Water at 100° forms bromo amylene 
CHEt CMeBr, methyl ethyl acrylic acid, di oxy 
hexoio acid, and methyl ethyl ketone (Lieben, 
a. Zeisel, M 4, 781 

Bi-bromo-hexoio acid CaH,„Brjj 02 . [81°] 
From ethyl crotonio acid and Br Decomposed 
by cold NajCOjAq into bromo amylene, NaBr, 
and COa (Fittig, A 200,86) 

Tetra-bromo-hexoic acid C^HigBr^Oj [183 ] 
From Borbio acid and Br (Fittig, A 161, 323 , 
168, 277 , 200, 68) Monochmc crystals (from 
alcohol) More stable than the preceding acids, 
not being attacked by water at 100° — NaA' 2aq 
— CaA'j 7aq — BaA', l|aq 

BI BROMO HEXOIC ALDEHYDE C«H,<,Br,0 
CH, CH, CHBr CMeBr CHO Di bromo 
methyl propyl-CLcettc aldehyde From Br and 
cold methyl -ethyl acrolein Pungent oil — 
(C„H,,Brj,0)NaHS0, 3aq (Lieben a Zeisel, M 
4 , 19) 

BROMO HEXOKENE C„H,Br Bromo-du 
allylene, (160°) From di bromo di allyl and 
KOH Pps ammoniacal AgNO, and cuprous 
chloride (Henry, B 14, 400) 

Octo bromo hexonene C^Br, From sec hexyl 
iodide and Br at 140° Pnsms At 200° it 
splits up into Br and hexa bromo benzene 
(Merz a Weith, B 11, 2247) 

BROMO HEXYL ALCOHOL C.H.^rO t e 
CH,CHBrCH(OH)CH^t (189°) SG 13 
Liquid. From hexylene oxide and Br (Henry, 
C R 97,260, Bl [2] 41, 863) 

Di-bromo hexyl alcohols v Dibromtdes of 
Hextittl alcohols 

DI-BROMO HEXYL-BENZEKE C, H„Bf, t e 
Ph CHBr CHBr CH,CH(CH ,)2 [80^] From 
hexyl benzene {q v) Needles or plates 

BROMO HEXYLENE C«H„Br (138°-*141°) at 
739 mm S G V 1 2025 From (iS) hexylene 
bromide and alcohohc KOH (Caventou A 135, 
126 , Beboul a Truchot, A 144, 247 , Hecht, 
B 11, 1424, A 172, 70) See also Hexenyl 

BBOHIDE 

Di bromo hexylene CjHj^Brj S G ® 1 698 
From hexylene (derived from mannite) and Br 
(Henry, B 11, 1054) 

Tetra bromo hexylene CaHgBr^ From di- 
allylene and Br (Henry, C B 87, 171) 

Ooto-bromo hexylene C^H^Br, [184°] From 
sac-hexyl iodide and Br at 130'’ (Merz a Weith, 
B 11, 2249 , Hecht, B 11, 1420) 

Octo bromo hexylene C^H^Brg From hexane 
and Br at 125° (Wahl, B 10, 402) 

BROMO-HIPPDRIC ACID C„HHBrNO, te 
0«H.Br CO.NH CH, CO 2 H From hippunc acid, 
alcohol, and Br Slender needles Possibly 
identic^ with the following acid. — CaA', (Mayer, 
^ 1866, 416) 

p-Bromo-hippiixio acid 

[1 i] CO NHCHyCOgH Excreted when 

|}-bromo toluene is taken with food Flat needles 
(from water) Boiling HClAq forms glycocoll 
and n-oxy-benzoic aoid (Preusse, H 6, 63} 

UOMO-HTDRATEOEIC ACID v Bbovo- 
nnann^-PBOPioKio Aon> 

BROMHTDRUr v* Oltoxboi. 


Trl-bromliydrhi o Tax ivbomo bbobabi. 
p^ROMO-HYDROCABBOSTYRlL G^^BrNO 

0,H,(Br)^NH/' [178°] Long 

flat needles V sol alcohol, ether, benzene 
and acetic acid Prepared by reduction of p* 
bromo-o nitro hydro cmnamio aciti with tin 
and HCl (Gabriel a Zimmermann, B 13, 
1683) 

BROMO HYDROCINKAMIO ACID v Bbo&io- 

PHENYL-PBOPIOVIO ACID 

DI-BROMO HYDRO CCEBULIOKOH v Ccsnu- 

LIGNON 

BROMO HYDROQDINONE C.H,BrO, t.^ 

CABr(OH)^ [111°] 

Foi'inatwn — 1 Together with di bromo hy- 
droquiiione, by the action of cone HBrAq on 
quinone (Wichelhaus, B 12, 1504) — 2 From 
hydroqumone (1 mol )<and Br (1 mol ) in ether- 
chloroform (Sarauw, A 4D09, 99) 

Fioperties — Leaflets , may be sublimed V 
e sol water, alcohol, and benzene Fe^Cl, 
forms bromoqumone 

Dx acetyl derivative C^H 3 Br(OAc)j 5 . 
[73°] Formed, together with di acetyl di bromo 
hydroqumone by heating quinone with AcBr 
(Schulz, B 15, 656) Needles, sol alcohol and 
benzene 

Di broino-hydroquinoneC,H^r^{OH)t [187°] 
Formation — 1 As above (W ) — 2 From 
hydroqumone and Br in HOAc (Benedikt, M 1, 
345) — 8 From qumone and Br (Sarauw) 

Properties — Long needles (from waterj 
Converted by Fe^Cl^ or bromine water into di- 
bromoqumone 

Di~acetyl derivative C^HfBr 2 (OAc),* 
[161°] Formed as above (Schulz) Needles, 
sol chloroform and ether 

Methyl ether C,H2Br^(0H)(0Me) From 
methyl hydroqumone and Br (B ) 

Di methyl ether C,H2Br2(0Me)2 [142°] 
From di methyl hydroqumone and Br in HOAo 
(Habermann, J5 11, 1036) Methyl-ethyl ether 
CgH^r^lOMeXOEt) [88°] Prepared like the 
preceding (Fiala, M 6, 913)- 

Di isobutyl ether C,B[ 2 ®*^i(P^ 4 H,),, 
From 0JHX0C<H,)2 and Br (Schubert, M 8, 684) 
Plates (from HOAc) 

Di bromo hydroqiiinonsC«HaBr(OH)(OBr)(?) 
Bromoxy bromo phenol [87°] brom quinone 
(1 mol ) and Br fl mol ) in chloroform (Sarauw) 
Golden tables, si sol ether and CHCl,, decom 
posed by water into HBr and bromoqumone, 
changes slowly to CaH 2 Br 2 (OH) 2 . 

Tri - bromo - hydroquinone 0,HBr,(0E[),, 
[136°] Formed together with tetra - bromo* 
hydroqumone, by treatmg di-bromo-quinone 
with cone HBr, or by the action of Br mols | 
on hydroqumone (2 mols 'j or qumone (3 mols ) 
(Sarauw, A 209, 116) Silky needles, sol alco- 
hol and benzene, v sol boihng water Fe,01, 
gives tri bromo quinone 

Tetra - bromo - hydroquinone O^Br^OH)- 
[244°] Prepared as above (Sarauw) Prepared 
also by reducing tetra bromo-qumone (brom- 
anil) with BO, or HI and P (Stenhouse, A 91, 
810 , Suppl 8, 20) or by wanning it with cono, 
HBrAq Slender needles (from HOAc) , insoL 
boiling water, y sol aloohoL Fe,Cl, forms 
tetra bromo qumone. 
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BBOXO-HT8ROaTriHOH£-FHTHAI.XXV v. 

HT0BOQnXNOKX-PBTBALBIIf 

BI-BEOKO-HYDBO80BB10 AOIB v Bbouo- 

BlXSNOie ACID 

BBOMO HTDBO THTMOQTnVOKE 

♦<? O.H(0,H,)(CH,)Br(OH)^ [68®] 
From thymoqumone and HBr (Schniter, B 20, 
1318) Oxi-Jisea to bromothymoqumone [45®] 
The di acetyl derivative is formed by the action 
of acetyl bromide on thymoqumone 

Di acetyl derivative [91®] Bhombo- 
hedral crystals (Schulz, B 15, 657) 
Di*bromo-hydrc>thymoqiLiiione 
O,(0,H,)(CH,)Br,(OH), 

Di-acetyl derivative [122®] Colourless 
tables (Schulz, B 15, 658) 

BBOMO-HYDBO-rOLUairiNONE 
C„H 2 M^r(OH)j. [o 1G0°] Formed by the 
action of cold cone HBr upon toluqumone 
Ohstening plates (Schni^^r, B 20, 2286) 

Tri bromo hydro to^quinone 
0,H,Bi,0, te C,Br,Me(OH) 2 . [202°] From 
tn bromo toluqumone and SO^ Needles, sol 
water (Canzonen a Spica, O 12, 471) 

BBOMO - HYPOGJEIC ACID v HvpoaiBia 

lOID 

DI - BBOMO - ICOSYLEKE C^oH^Br^ Oil 
From icosmene and Br (Lippmann a Haw 
liczek, B 12, 69) 

DI-fBOMO-INDiaO C„H,Br,N,0, ue. 

C,H,Br<^>0 - Formed by 

H H 

boiling » di bromo m bromo o-amido aceto 
phenone [5 2 1] C^H,Br(NHJ CO CHBr, or « di 
chloro m bromo - o amido - acetophenone 
[6 2 1] C,ByBr(NH,)CO CHC4 or their acetyl 
derivatives with dilute NaOH and exposure to 
the air (Baeyer a Bloem, B 17, 908) Pre 
pared by heating bromo isatin with PCIj and 
treating the product with a 10 p c solution of 
HI in acetic acid and then with aqueous SO, 
Some isomeric di bromo mdipurpunn is formed 
at the same time (Baeyer, B 12, 1316) Small 
black needles, mav be subhmed, v si sol 
most menstrua May be reduced to a ‘ vat ' iike 
indigo 

BEOMO-INDIBBBIN C.eH^BrN^O, Long 

needles Formed by the action of Na^CO, on 
an alcoholic solution containing mdoxyl and 
bromo isatin (Baeyer, B 14, 1745) 
/3/3-BBOMO-IODO>ACBTLlC ACID 
CjHjIBrO, 1 e CBrI CH CO^H [110°] S 1 7 
at 20° From bromo propiolio acid and HI 
(Hill, Am 3,175) Scales -BaA',3aq S (of 

BaA',) 16 at 20® — CaA' Sjaq — AgA' 

a/3 Bromo-iodo acrylic acid CHI CBr CO,H 
[96®] Formed by the addition of HBr to 
fi lodo propiolic acid (Homolka a Stolz, B 18, 
2284) Needles , si sol cold water By heating 
in alcohohe solution with AgBr it yields a/3 di- 
bromo-acrylic acid [85®] (Stolz, B 19, 637) 
^a>Bromo iodo acryUo acid CHBr Cl CO,H. 

Colourless crystals V sol water 
Formed by boiUng propiolio acid with an 
ethereal solution of Brl (Stolz, B 19, 636) 

$0a Bromo di iodo acrylic acid 
OBrl Cl COjH. [160®] 8 2 at 20° From 

bromo-propioho aoid and iodine in ether Flat 
fix-aided platea — BaA'iiaq S 16 26 at 20° — 


OaAV — EA' —AgAf (Bfabery a. Lloyd, Am. 1^ 
124) 

aA/3.Bromo-di-iodo-aerylio aeid 
CIjCBrCOjH [182"*] Glistenmg ©olourlesa 
plates Formed by the action of lodme bromide 
upon iodo propiolio acid in ethereal solution 
(Homolka a Stolz, B 18,2286) 

Di-bromo-iodo-acrylic acid 
CBrj Cl CO^H [140°] S 3 6 at 20°. From 
bromo propiolic acid and IBr (Mabery a Lloyd, 
Am 4, 94 , JV Am A 17, 94) Monoclimo 
pnsms (from water) , ah 617 1 681 — 
BaA', 3saq S 16 7 at 20® — CaA', — AgA' 

/8a)B Di-bromo-iodo acrylic acid 
CIBr CBr COjH [147°] Long silky needles 
SI sol cold water Formed by the action of a 
solution of bromine in chloroform upon iodo- 
propiolio acid IC C CO^H (Homolka a Stolz, 
B 18 2285) 

DLBBDMO-IODO-ALLYL ALCOHOL 


Ethyl ef Tier CjHjBrJO t e 
CEBr CBr CHj OEt Oil From iodo propargyl 
ethyl ether and Br (Liebermann, A 135, 286) 
o BBOMO-IODO-BENZhNE C^HBrl [1 2] 
(257°) From o bromo aniline or o iodo aniime 
by the diazo- reaction (Korner, O 4 339) 

m Bromo iodo benzene C^H^Brl [1 3] (262°). 
Similarly prepared (K ) 

p Bromo iodo benzene C„H^BrI [1 4] [92°] 

(252°) Similarly prepared (Griess, J 1866, 
452 , K ) 

Bichloride C,H,BrI,Cl^ [115°-120°, with 
decomposition] Ppd as yellow needles when 
chlorine is passed into a solution of bromo-iodo 
benzene m chloroform (C Willgerodt, J pr [2] 
33, 158) With alcohol it forms aldehyde and 
C,H^BrI It converts metallic and alcoholic 
iodides into chlorides, iodine being separated 
Tn bromo-iodo-benzene C,H^r,I [13 5 6], 
[104°] Obtained by adding cone HI to a solu 
tion of C,H^r, N N NO, Colourless needles, 
sol hot alcohol (Silberstem, J pr [2] 27, 120) 
Tri bromo iodo benzene C^HjIBr, [12 4 6] 


[lb5°] 

Bichloride CJlJliT3,Cl2 Formed by dis 
solving C^H^Br, injCHCl, and passing in Cl, 
(Willgerodt, J pr [2] 33, 159) 

5 BBOMO IODO ETHANE C^, Brl to 
CHjBr CHjI Ethylene bromiodvde [28°] (163°) 
8 G 2 516 From bromo ethylene and cono 
HIAq at 100° (Reboul, A 155, 213), also from 
ethylene and Brl (Maxwell Simpson, Pr 22, 61) 
Needles , si sol cold alcohol Alcoholic EOH 
gives io<io ethylene and acetylene (Lagermark, 
J B 5, 334) 


u Bromo iodo ethane CH, CHBrI EthyU 
idem bromiodide (142°) S G 15 2 462 From 
bromo ethylene and cone HIAq at 4° (B), or 
from u di iodo ethane and IBr (Maxwell Simp, 
son, Pr 27, 424) Aloohohe KOH forms bromo- 
ethylene 

Di bromo-lodo-ethane CjHjIBr,, (170°-180°), 
S G 5a 2 86 From bromo-ethylene and IBr 
(M Simpson, Pr 22, 51) Ag^O forms CjH^r 
8 - BBOMO . IODO - ETHYLENE C»H^r, 
Acetylene bromiodide [o 8°] (160° cor ) S G 
(sohd) 5 2 760 , lH* 2 627 Gk)t by passing acetyl- 
ene mto aqueous solution of Brl, the prodad 
bemg treated with Na^,0, and distills with 
steam (Plimpton, 0. J 41, 895 , Bahinejel!, A* 



m 
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816, 866) With aloohblio NaOH li appears to 
give off CjjHBr 

u Bromo lodo ethylene GH.^ CBrl (189°) 

8 0^ 2 666 From chloro bromo lodo ethane 
and alcoholic KOH (Henry, G R 98, 741) 
plowly absoibs oxygen from air 

Di bromo lodo ethylene CIBr CHBr [66°] 
Small pnsms Formed by the action of an 
liqueous solution of bromine upon lodo pro 
piolio acid IC C COjH, COj being evolved 
(Homolka a Stolz, B 18, 2285) 

BBOMO lOBO METHAKE CH^Brl Methyl 
tne hromxodide (139^) SGj-||2 926 VD 

9 65 From methylene iodide and Br or IBr 
(Henry, C R 101, 599) 

Bi-bromo iodo-methane CHBrjI Bromvodo 
form [6°] From iodoform andBr (Serullas, A 
Ch [2] 34,225, 39,97, Bouchardat, J Ph 23, 10) 
BROMO lODO NAPHTHALENES C,eH,BrI 
The three following are obtained from the corre 
spondmg bromo naphthylammes by the diazo 
reaction (Meldola, C J 47, 523) 

(aa)-Bromo lodo naphthalene C,oHgBrI [1 4] 
[84°] Large flat needles , in sol water , sol 
^cohol and glacial HOAc, v e sol benzene and 
ether 

(afi) Bromo iodo naphthalene CioH^Brl [1 3] 
[68°] Needles 

(a/9) Bromo lodo naphthalene C,oH^BrI [1 2] 
[94°] Thick needles 

BROMO lOBO NITRO BENZENE 
C,H^rI(N02) [1 2 5] [106°] From C^,BrI 

[12] and HNO, or from C,H,Br(NH,)(NO,) 
[1 2 5] (Komer, O 4, 383) Needles or prisms 
Alcohohc NH, displaces I by NH^ 

Bromo iodo mtro- benzene C,H3BrI(N02) 
[14 3] [90°] FromC,H3Br(NH^(NO,)[l 4 3](K ) 
Bromo -iodo nitro benzene C^HjBrI(NOJ 
[1 3 4] [84°] From C,H3Br(NH,)(NO ) [1 3 4] 

(K ) Alcoholic NH, displaces I by NH^ 

Bromo iodo nitro - benzene C^H3BrI(NOJ 
[1 3 6*^] [127°] Formed, together with the 

following body, by dissolving m bromo iodo 
benzene in fuming BLNO, (K) Alcohoho NH, 
displaces Br by NH, 

Bromo - iodo nitro • beiizene C,H,BrI(NO,) 
[1 3 2?] Needles 

BROMO-IODO-NITRO-PHENOL 
C;H,(OH)(NO,)Brl[1 2 4 6] [104°] From(l,S.4)- 
bromo mtro phenol, KOH, H10„ and I (KOrner, 
J 1867, 617) Monoclinic tables a b c 
« 520 1 587, 13-66° 82' (Groth, Z Kryst 1, 
437) , volatile with steam — KA' — NaA' 

Bromo lodo-nitro-phenol C^H3(0H)(N02)BrI 
[14 2 6] From (1,3,6) bromo mtro phenol as 
above (K ) Pnsms (from ether) — KA' yellow 
needles 

BROMO lOBO NITRO TOLUENE 
C^MeBrI(NO,) [13 4 a:] [118°] Formed by 
nitrating (1,3,6) bromo>iodo toluene Needles 
(Wroblewsky, A 168, 160) 

Bromo-lodo nitro toluene 0,H,MeBrI(N0j) 
[1 8 2 or 6^] From the oorrespondmg bromo- 
lodo toluene (W ) 

Bi’bromo iodo nitro-toluene 
OgHMeBr^IjNO,) [13 6 4 2] [60°] From 

C„H,MeBr,I by mtration (Wroblew^y, A 192, 
SiO) Large needles Volatile with steam 
Bi'bromo dl-iodo nitro-toluene 
CyieBrA(KO,) [1 8 ^,4 2,6]. [129°] From 


OgHMeBr,!, and fuming HNO, Yields on ro* 
duction by Sn and HCl an amido- compound 
which is converted by further treatment by Sn 
and HCl to o toluidine (W ) 

BROMO BI lOBO PHLOROGLUCIN 
C,(OH),Brl3 From tri bromo phloroglucin and 
aqueous KI Decomposed by heat (Benedikt a. 
Schmidt, M 4. 605) « 

BROMO lOBO PROPANE 0,H Brl x e 
CH, CBrl CH, (148^) S G aa 2 20 Formed 
by union of HI with allylene hydrobiomide 
(Keboul, C B 74, 669, 944) 

Bromo iodo propane CH3.CHI CH^Br or 
CH, CHBr CH,I (1(»0°-168°) h rom propylene, 
water, and IBr (M Simpson, Pr 22, 61) 

BI BROMO IODO PROPYLENE C,HJBr, (^) 
From iodo allylene and Br Does not Combine 
with Br (Liebermann, ^ 135,276) 

BI BROMO lOBO Sf EARIC ACID 
CigHjjBr^IO, From ricmoleic acid C,, H„0, vxd 
C„H„IO, (Claus, B 9, 1917) 

BROMO IODO TOLUENE 
C«H,MeBrI [I 2 3or6] (260 ) S G 2 139 

hrom C„H,MeBr(NH ) (Wroblewsky, A 168, 164) 
Bromo iodo toluene C^H,MeBrI [1 3 4] 
(265°) S G ^ 2 044 From the corresponding 
bromo tolmdine (W ) 

Di bromo iodo toluene C^H MeBr,! [1 3 5 4] 
[86°] (270°) Irom C«H MeBr(NO )(NH ) vid 

C,H,MeBr(NO,)I, and C,K,MeBr(NH )! (Wro 
blewsky, A 192,209) Also from di bromo j? 
toluidine, C„H3MeBr3(NHJ by diazo reaction 
Bi bromo di iodo toluene C^HMeBr^Ij 
[13 5 4 2] [68°] From C„HMeBr,I(NH,) by 

diazo reaction (Wroblewsky, A 192,212) 

BI BROMO IODO TOLUIDINE 
C HMeBr,I(NH3) [13 5 4 2] [64°] By reduo 

tion of the corresponding nitro compound (Wro 
blewsky, A 192, 210) Converted by sodium 
amalgam into 0 toluidine 

Acetyl derivative C,HMeBr3l(NHAo) 
[121°] Small white needles 

BROMO ISATIC ACiB v Isatio acid 
BROMO I8ATIN v Isatin 
BEOMO-ISATOlC ACID Isatoig acid 
BROMO-ISO- V Bromo 
BROMO ITACONIC ACID C,H;Br04 [164°] 
Formed by the dry distillation of ita di bromo 
pyrotartanc aoid (S warts, J 1873, 584) Its 
anhydride is formed similarly from ita di oromo 
pyrotartanc anhydride (Petn, B 14, 1637) 
Alkalis form acomo acid , Sn reduces it to 
itaconic acid 

BROMO LACTIC ACID v Bromo oxy pro- 
pionic ACID 

DI-BROMO LAURENE (?) [210°] 

From laurene and Br (Montgolfier, A Ch [5] 
14, 93) 

Tri bromo4anrene C,,H„Br,? [126°] From 
laurene and Br in the cold (Fittig, Edbnoh a. 
Jilke A 146, 149) Cf Laurene 

BROMO LEVULIO ACID v BaoMO-AOSTni- 


PnOPIONIO ACID. 

BROMO LUnBZNS 

PTBIDINE 

BROMO MALElC ACID C 3 HBr(CO,H), x s. 
OO^CH CBr CO,H, or CO^HCCHBrCOA 
OBr 0(0H)av CH.O(OH)^ 

I or n ^ 

CH . C<y GBr . CXK 


V Bbomo di-ubthyl- 


C 188 ° 3 , 
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Formed by boilmg di bromo saocmio aoid or its 
Ba salt with water (Kekul6, A S^uppl 1, 867 , 
Petn, A 196, 62) Formed also, together with 
bromo fumario aoid (q v ) by the action of Br 
and water on suocimo acid at 180® (Kekul6, A 
IdO, 1), or fumano acid at 100® (Carms, A 149, 
264) Deliquescent prisms or needles , v e sol 
water, alco]^l, and ether, sphts up into water 
and its anhydride on distillation 

For discussion of formula see Maleic acid 
Reactions — 1 Sodium amalgam gives sue 
cinio acid —2 Fuming HBr unites in the cold, 
forming di bromo succinic acid — 3 Electrolysis 
of its Na salt gives CO and HBr —4 Boiling 
cone baryta-water forms oxalic and acetic 
acids — 6 When it is dissolved m water and an 
equivalent of aniline is added there separates a 
crystalline pp C^HBr {C02H){C02H NHaC^H,) 
[128°] This acid aniline salt dissolved in 
water and allowed to stond deposits the acid 
anilide CO^H OjHBr C<^NHCaHg which crystal 
lises in pnsms , insol in dilute HCl If instead 
of allowing the substance to react in the 
cold the solution is heated, the compounds 
C,aH,2N20“3 and €,flH„N202 are obtamed 
C(NHPh)— COs. 

C,,H,2N202. probably H >NPh, 

CH CO^ 

[230°], forms ochre coloured microscopic 
needles. Insol hot, si sol cold aq , sol 
hot alcohol, less in cold, 0,8Hi4N208, pro- 
C(NHPh)— CO2H 

bably |1 , [176°], forms yellowish 

CH CO NHPh 

indistinct crystals Soh hot, mw sol cold aq 
Sol alkalis acids pp the substance unchanged 
(Michael, Am 9, 180, B 19, 1373) 

Salts — AgjA" crystalline pp —CaA" 2aq 
— CaNa^"2 4*^ — PbA"aq 

Dimethyl ether (238° iV) Con- 

verted by lodme fhto dimethyl bromo fumarate 
Diethyl ether AHtj. (266° 1 V ) 
(140°-160°) at 25 mm (Anschdtz, B 12, 2284 , 
bohacherl, A 229, 91) 

Anhydride (215° iV)^ Formed 

as above, and also heating di bromo succinic 
acid with ACjO at 130° (Anschutz, B 10, 1884) 
Water forms bromo maleic acid 

Amide C4H8BrN203. [Ib8°-176°] From the 
imide and NH, 

Imide fC4HBr02)NH [151°] Formed, 
together witn the amide of di bromo maleic 
acid, by heating succinimide with Br at 160° 
(Ciamician a Silber, B 17, 667 , Kisielmski, 
Sits, B 74, 661) 

Iso - bromo • mal^io acid is Bbomo fumabio 

ACID {q V ). 

Bromo maleic acid (?) C.HjBrO* [112°} 
From mucobromio acid and baryta (Hill, B 
17, 289) — KjA" aq — BaA" 2aq —Ag^" 

Di-bromo-malelo aoid C4Br2H204 [I23°] 

Formed, together with bromo maleic acid, by 
brommating succinic acid (Eekul5, A 180, 2) 
From (/3y) di-bromo-pyromucic acid and from 
tn bromo-pyromucio acid by hot dilute HNO* 
(Hill a Sanger, A 232, 89) Formed also by 
heating mucobromio and with Br at 140° (Hill, 
Am 8, 48 , B 13, 784) Slender felted needles, 
V sol water, alcohol, and ether, v si sol benzene 
and ligroin An equivalent quantity of aniline 
added to a solution of the acid m water dissolves 
VoL. I 


and then deposits the acid aniline salt When 
this is allowed to stand under water it gradually 
forms an amlide The neutral salt in the 
same way gives the di anilide 02Br2(C0 NHPh)27. 
[140°] By heating the acid (3 pts ), with water 
(60 pts ) and aniline (2 2 pts ) for 30 nunutes 
C(NHPh)— COv 

jp NNPh [183°] 18 obtained in the 

OBr CCK 

form of flat, yellowish red pnsms , insol aq , 
m sol hot alcohol (Michael, Am^ 9, 180) 

Salts — BaA"2aq S 6 05 at2aP— PbA"aq 
— Ag^A" explodes when heated 

Anhydride C^Br^Os [115°] Prepared by 
heating the acid Needles (by sublimation) , si 
sol cold water 

CBr COv 

Imide fl ^NH [225°] Formed by 
CBr CCK 

heating succinimide with bromine Monochnic 
crystals, abc^ 4342 P 9649 , j8 = 119° 69' By 
boihng with aqueous KOH it is converted into 
di bromo maleic acid (Ciamician a Silber, B 
17,656, Q 14,35, c/ Kisielmski , B 74,661> 
Bromo maleic aoid-di-bromide v Tbi-bbomo- 

SUCCINIC ACID 

DI BEOMO MALElC ALDEHYDE C4H2Br20i 
[00°] Got m small quantity from {^y)- dibromo- 
pyromucio acid and aqueous bromine (Tonnies, 
B 12, 1203 , Hill a Sanger, A 232, 87) Long 
thin prisms (from water). V sol alcohol, ether, 
chloroform, and benzene^ m sol light petro 
laum In a current oi COj it may be sublimed- 
On oxidation it gives mucobromio acid 

BBOMO MALEYLBK0MIDKC4HBr,02 [56°] 
Funned by treatmg (/35) di bromo pyromucio 
acid with cold bromme (Hill a Sanger, A 232, 
80) Long prisms (from hght petroleum) 

BBOMO MALIC ACID CABrO^ The so- 
dium salt NaHA" is formed by the action of 
NaOEt sodium di bromo succinate Boiling lime 
water converts it mto calcium racemate Sodium- 
amalgam forms sodium succinate Pb(OAc)2 
pps PbA" 

Ethyl derivative Sodium salt 
CO^Na CH2 CH(OEt)^02Na Hygroscopic mass , 
formed by adding alcoholic NaOEt to sodium 
di bromo succinate (Mulder a. Hamburger, 
B T € h 154) 

BBOMO-MALONIC ACID C,H4Br04 

CHBrfCOaH)^ Obtained by reducing the da- 
brominated acid with sodium amalgam (Petneff, 
J B 10,65, B 11,415) Deliquescent, moist 
AgjO forms tatromo acid — AgHA" — Ag^A" 

Di bromo malonicaoid CBr2(G02H)2 [c 126°]. 
From malonic acid CHCl, and Br (Petrieff, J5. 
7, 400, B 10, 65, Van ’t Hoff, B 8, 366) 
Needles, v e sol water Boilmg baryta water 
forms mesoxalic acid 

Amide CBr2(CONH2>2. [206°] Formed 
by addmg Br to malonamide in aqueous solu 
tion (Freund, B 17, 782) Formed also by the 
action of alcoholic NH, on the amide of penta- 
bromo-aceto acetic acid CBr, CO CBrj-CO Nl^ 
(Stokes a Pechmann, Am 8, 880) Needles, 
prisms, or large octahedra SI sol hot water, 

alcohol, and acetic acid. — CBrj<^^Q NH^^^ * 

white amorphous powder, insoluble m water and 
alcohol 

Methylamtde CBra(CO.NHMe)2 [162°]; 

PP 
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Urge white needles or tninetno orystals (Freund, 
JB 17,782) 

BHOMO IKALOFHTHALIO ACIO C,H„BrO» 
From tetra hydro phthaho acid and bromme> 
water (Baeyor, A 166, 858) Pnsms or tables 
(contammg ^aq) Bai^a water converts it into 

BBOMO-MELUOTIO ACID v Bbomo-oxt- 

FHENTL PROPIONIC ACID 

BBOMO HESITBKB LACTONE 

C^yBr<^^Q^ [106°] From mesitene lactone, 

OSj and Br (v Aceto acetic ether) SI sol cold 
alcohol and water (Hantzsch, A 222, 18) 
BBOMO - MESITOL C^nBrO ce 
C,HMe,Br(OH) [80°] Needles (from alcohol) 
(Biedermann a Ledoux, B 8, 60) 

Bi-bromo -mesitol Ct,Me 8 Br 2 (OH) [150°] 
From mesitol, Br, HOAo, and I (Jacobsen, A 
196, 266) 

BBOkOMESITTL ALCOHOL v Bromo 

OXY-ME81TTLENE 

jp BBOMO MESITYL BBOMIDE v p o» Di* 

BROMO ME8ITYLENE 

BBOMO MESITYLENE C,H2Me,Br [1 3 6 4] 
Bromo 8 tn-methyl benzene [ — 1°] (227° i V ) 
S G 1 82 Formed by the action ot 1 mol Br 
upon cold mesitylene in the dark (Fittig a 
Storer, A 147, 6 , Schramm, B 19, 212) 

(6 3 1) Bromo mesitylene 
C,H,(CH,)j(CH 2 Br) [1 3 6] Mesityl hromvde 
[88°] (281°) Pnsms Formed by bromination 

of mesitylene at 130° (Wispek, B 16, 1577, 
Colson, A Ch [6] 6, 89 , C i2 96, 713) 

eso Di-bromo mesitylene CaHMegBr^ [64°] 
(278°) Long needles Formed by the action 
of 2 mols of bromine upon mesitylene in the 
dark (F a S , Sussengnth, A 215, 248, 
Schramm, B 19, 212) Fuming HNO, gives 
bromo di mtro mesitylene [194°] 
p-»-lh-bromo mesitylene 
C,H 5 (CH,) 2 Br(CH^r) [6 3 4 1] p Bromo • 
mesityl bromide Oil, fluid at —19° Decom- 
oses on distillation Formed by the action of 
romine (1 mol ) in sunshine upon eso bromo 
mesitylene (Schramm, JB 19,213) 

«»(«. Di-bromo mesitylene CAMe{CH 2 Br)j. 
[66°] Formed by passing CO, charged with 
bromine vapour into boilmg mesitylene (Colson, 
A Ch [6] 6,92, C R 96, 713 , Bobmet, C B 
96, 600) Formed also by treating «<w-^.ory- 
mesitylene with HBr (Bobmet a Colson, Bl [2] 
40, 111) Long prisms , decomposed by alcohol 
Tri-eso bromo mesitylene CaMe,Br, [224°] 
Formed by the action of 8 mols of bromine 
upon mesitylene m the dark (Schramm, B 19, 
213) Tnchnic crystals, v si soL alcohol 
t WiWj-Tri-bromo-mesitylene 
C A(CH.)Br(CH^r), [5 4 3 1] [122°] Obtamed 
by the action of bromine (1 mol ) m sunshine 
upon hot j)-«>di bromo mesitylene (p-bromo- 
mesityl-bromide) C^H 2 (CH,) 2 Br(CH 2 Br) Very 
slender needles (from alcohol) ^hramm, B 19, 
215) 

c.«,w,-TTi-broiiLO mesitylene 
0«H2MeBr(CH2Br), [6 2 13] [81°] From 

bromo di-oxy mesitylene and cone HBr 
Can be formed by bronunatmg mesitylene (Col- 
son, A Ch. [6] 6, 101 , Bl [2] 41, 862) 

Tii-oromo-mesitylene C ^(GHgBr), 
[04°] (216") at 10 mm. From boihog mesityl 


ene and Br (8 mols ) Needles, t sol boiliog 
alcohol (Colson, 0 R 96, 718 , A Ch, [6] 6, 96) 

BBOMO MESITYLENB OLYCOL v Bbomo- 

ni-OXT MsbiTTLSNE 

BBOMO-MESITYLENE SXTLFHONIO ACID 

C^„BrSO, 1 e C,HMe^r SO,H. Formed by 
the action of bromme water on a very dilute 
solution of mesitylene-sulphonic £^id or its Ba 
salt , formed also from bromo mefiitylene and 
fuming HjSO, (Bose, A 164, 66) Deliquescent 
tnmetne needles (from ether) — BaA'j aq — 
PbA'j IJaq — KA'aq — CuA'j^aq — NaA' 

(a) BBOMO MESITYLENIC ACID C^ELBrO, 
i e C«H2Me2Br(C02H] [1 3 4 5] [147°] Formed, 
together with some oi its isomerides, by the slow 
action of Br on mesitylenio acid in the cold 
lormed also from the corresponding amido 
mesitylenic acid (Schmitz, A 193, 172) Tn- 
metric prisms (from alcohol), ah 927 1 470 
— BaA '2 4aq monoclmic, a 6 8 068 1 804, 

/8«-63°24'— CaA'2 2aq ,, 

(/3) Bromo mesitylenic acid 
CaH2Me2Br(C02H) [1 8 2 6] [216°] (Sch ) , 

[212°] (S ) Formed by oxidising bromo mesityl 
ene (Fittig a Storer, A 147, 1), or from the 
corresponding amido acid (Sch ) Monoolmio 
crystals, a 6 c *= 1 193 1 760, 6 ■» 70° 86' — BaA'j. 
— CaA '2 — CaA '2 6aq — KA' 

Di bromo-mesitylemc acidC„HBr 2 Me 2 (CO^H> 
[196°] Formed by oxidising ^ bromo mesityl- 
ene (Sussenguth, A 216, 250) Needles (by 
subhmation) — CaA '2 7aq — BaA', 84aq 

BBOMO METHACBYLIC ACID C^H.BrO, 
CHBr CMe CO^H Bromo crotonic acid [63°] 
(229°) From citra- or mesa di bromo pyro- 
tartario acid by treatment with water, NajCOsAq, 
or KOHAq (Kekul6, A Suppl 2, 97 , Cahours, 
A Suppl 2, 847 , Fittig a Krusemark, A 206, 7 , 
Fnedrioh, A 203, 864) Also from o8 di bromo- 
isobutync acid and NaOHAq (C Kolbe, J pr 
[2] 25, 882) Flat needles, si sol cold water 
Beduced by sodium amalgam to isobutync acid 
Decomposed by heatmg with alkahs into 
methane, allylene, and acetic acid (F ) — 
CaA',8aq S (of CaA'j) 6 76 at 11°— AgA' — 
HO CuA' — NH,HA', (Morawski, Siiz B 74, 39) 
Ethyl ether EtA' (193°) (0) 

Bromo methaorylio acid 
CH 2 C(CH 2 Br) COjH [66°] Formed, together 
with tne preceding, by boihng mesa di bromo- 
pyrotartanc acid with water or NajCOjAq 
(Krusemark, A 206, 12) Lamm» (from water), 
V sol water, volatile with steam Beduced 
with difficulty by sodium amalgam to isobutyrio 
acid. — CaA '2 2aq S (of CaA',) 80 at 6° 

Di-bromo-methaorylio acid C^H^BrjOT. 
Needles From tn-bromo-butyno acid (dibromido 
of bromo methacryhc acid) At 120° it takes up 
Br forming tetra bromo butync acid, whence 
boiling alk^iB form 

Tri-bromo methaorylio aoid C^HyBr^O^ 
Needles (C ) 

BBOMO-METBULNE v Methyl bbohxde 
Di-bromo-methane v Methylene bbomxds 
T ri-bromo methane v Bbomoeobm 
T etra bromo methane CBr^ Carbon tetra^ 
brormde [92°] (189°) Occurs m commercial 
bromme (Hamilton, C J 89, 48) 

Formation — 1 By heating Br with CS, in 
presence of I or SbBr, (Bolas a Groves, 0 J 
28, 161 J 24, 778, A 166, 60, 160, 160) -2. 
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From CHjClj and IBr, (H6land, A 240, 236) — 

8 From alcohol and Br (Schaffer, B 4, 366) — 

4 By exposmg a mixture of dilute. KOH, bromo- 
form, and Br to sunlight (Habermann, A 
107, 174) — 6 By heatmg bromoform or bromo- 
picrm with SbBrj or BrI at 160° —6 From CI^ 
and Br (Gustavson, A 172, 176) —7 From 
OOI4 and AJiBr, at 100° (Gustavson, J" R 13,286) 

8 From CH,Br and Br in presence of animal 
charcoal (Damoiseau, O B 92, 42) 

Preparation — CSj (2 pts ) is heated with 
iodine (3 pts ) and Br (14 pts ) for 96 hours at 
160° (Holand, A 240, 238) 

Properties — Tables with faint camphor like 
smell , extremely prone to sublimation At 220° 
it splits up into CjBr^ and bromine Boiling 
alooho\ gives bromal, HBr, and aldehyde Alco 
hohc KOH gives K^CO, and KBr Sodium amal- 
gam forms CHBr, and CH^Br* 

BROMO METHANE eDl SULFHONIG ACID 
CHBr(803H)2 Potausium salt KjA" From 
bromo di sulpho aldehyde CBr(SO,H)2 CHO by 
boiling with aqueous KjCO, (Rathke, A 161,161) 
Di bromo methane sulphonio acid 
CHBrySOgH Barium saltBaA'j Thin unctuous 
plates, formed by the action of Br upon barium 
sulpho acetate at 180° (Andreasoh, M 7, 167) 
BROMO PENTA METHYL TRI AMIDO TRI 
PHENYL CARBINOL C^H^^BrN.O Hydro 
bromide C34H33N,3HBr Formed by heatmg 
(h metnyl anihne with Br at 120° (Brandenburg 
a Brunner, B 10, 1846, 11, 697) 

DI BROMO METHYLAMINE MeNBr, v 
Msthylamikb 

p BROMO METHYL ANILINE 

C,H<(Br)NHMe [11°] (260°) Prepared from 

the mtrosamme 

Acetyl derivative 

Nitrosamine 03H,(Br)NMe(NO) [74°]. i 
Long needles Fprmed by the action of HNO, on 
V bromo-di methyl anilme (Wurster a Scheibe, 
B 12, 1818) 

m Bromo di methyl-anihne CaH^(Br)NMe2 
[1 8] [li°] (264° oorr ) Prepared by the 

methylation of m bromanilme By the action 
of HNOjit gives a nitroso compound which forms 
light green needles and melts at [about 148°] 
Methylo iodide CgH^Br NMejI [201°]. 
Leaflets (Wurster a Soheibe, B 12, 1818) 

p Bromo di methyl aniline CaH^(Br)NMe, 
[1 4] [66°] (264° corr ) 

Preparation — 1 By bromination of di- 
methyl aniline dissolved in acetic acid (Weber, 
B 8, 714 , 10, 763) — 2 By methylation of p- 
bromamhne By the action of HNO, it gives 
a mixture of p nitro di methyl anihne and p 
bromo phenyl methyl mtrosamme 

Methylo-iodide C^H^rNMe,! [185°] 
(Wurster a Scheibe, B 12, 18161 

Ferrocyanide B'2H,Fe(CN)j2aq leaflets 
Ferricyanide B'4HaFe2(CN)j,5aq very 
soluble yellow crystals (Wurster a Boser, B 12, 
1826) 

BROMO-DI METHYL ANILINE -PHTHA- 
LElN Oa^Hj^Br^NjOa i e 

The hydroohloride, 

formed by heating p-bromo di methyl-aniline 
with phthalyl chloride, crystallises in steel blue 
needles Cone HOlAq pps dingy green B"2HCl 
(0 Fischer, B 10. 1628) -B^^aPtCl*. 


DI BROMO METHYL-ANTHRACENE 

OijHioBr, [188°-140°] From methyl anthrhr 
cene by Br m CS, (Liebermann, A 212, 86) 
Yellow needles (from glacial HOAc) 

Tetra bromo methyl -anthracene C^HgBr^ 
Needles (from toluene) Oxidises to dbi bromo 

methyl anthraqumone (L ) 

DI BROMO DI METHYL -ANTHRACENE. 
DIHYDRIDE OjgHi^Brj Fromdi methyl anthra 
cene dihydride and Br in HOAc (Anschiitz, A 
236, 309) Oxidises to anthraqumone 

DI BROMO METHYL-ATROLACTIO ACID v 
Di bromo oxt tolyl propionio acid 
TETRA BROMO METHYL AURINE 
C2„H,2Br405 Formed by brommatmg methyl- 
aunne — BUBr 2aq (Zulkowsky, M 3, 471) 
BROMO METHYL- BENZENE v Bbomo 

TOLUENE 

Bromo-di methyl benzene v Bromo xylene 
T n bromo tri -methyl benzene Cg(CH,),Br, 
[1 2 3 4 6 6] Tn bromo-hemimellithene [245°] 
Needles 81 sol alcohol Formed by bromma 
tion of (1 2 3) tn methyl-benzene (Jacobsen, B 
16, 1868) Other bromo-tn methyl benzenes 
are described as Bromo <l/-cnMSNSS and Bromo 

MESITYLENEB 

Bromo - tetra - methyl benzene v Bromo 

DUBENB 

Bromo penta methyl benzene CgErMe, [164°] 
(289°) From CgMegH, Br, and I (Friedel a 
Crafts, A Ch [6] 1, 473) 

Hexa w-bromo hexa methyl benzene 
C3(CH^r), [256°] (F a C), [227°] (H) 

From hexa methyl benzene, water, and Br at 
100° (Hofmann, B 13, 1732 , Friedel a Crafts, 
A Ch [6] 1, 468) 

BROMO-METHYL-BENZOIC ACID v Bromo 

TOLUIC Acm 

Bromo-di methyl-benzoio acid 
CgHjBrMejCOaH [173°] Bromo-pseudo cwmento 
acid Bromo xylyltc acid From C3E[2^rMe, 
[1 2 4 5] by CrOa m HOAc (Sussenguth, A 216, 
244) Also from CgHgMejCCOsH) [1^ 4] and Br 
(Guntei, B 17, 1608) Needles (from water) 
V c sol alcohol — 2aq — BaA', 6aq 
Bromo di methyl cenzoio acid 
CgH^rMe^CO^ [189°] Bromo-p xyVylic acid* 
From CfiHjMe (CO^H) [1:2 4] and Br (Gunter, B 
17, 1609) Needles (from dilute alconol) 

Other isomendes are described as Bromo 

MBBITYLENIO ACIDS [q v) 

exo BROMO DI METHYL COTJMARIN 

X(CH,) CBr 

C3H,(CH,)^ Formed by bromma- 

tion of di methyl ooumarm dissolved in CS, 
Crystalline solid 81 sol alcohol Converted 
by hot alcoholic KOH into di methyl coumanlic 
acid (di - methyl - ooumarone - carboxyho acid ) 
(Hantzsch a Lang, B 19, 1299) 

Dl-BROMO-METHYLENE-Dl-PHENYLENE 
CijHgBrg [162°] From methylene di phenylene 
(q V ) Needles or ootahedra (from ether) (Car 
nelley, C J 87, 710) 

HEXA-BROMO-METHYLENE-DI.PHENYL ^ 
ENE OXIDE C„H4Br30 Formed, together 
with the hepta brommated compound C.iII^Br^O 
[136°], by addmg Br to 0 methylene di-pnenyleno 
oxide suspended m water Blackens at a. 226° 
(Salzmann a Wiohelhaus, B 10, 1401) 

» tS 
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BBOMO MBTHTLEITB-PHTHALIDS 

X=CHBr 

CaHjBrO, >0 [183°] Long 

N 0*==0 

oolourless needles Formed by heating phthalyl- 
bromo acetic acid tn vactu) , or by brommation 
of acetophenone-carboxylic acid It combines 

with Br, foimmg [US”] 

{Gabriel, B 17,2525) 

p BBOMO-METHYL-ETHYL-ANIIINE 
C,H,^rN %e C,H^rNMeEt (265°) From 
methyl ethyl aniline and Br Solidifies below 
0° (Claus a Howitz, B 17. 1327) 

TRI BROMO DI METHYL ETHYL BENZ 
ENE C,„H,iBr, le C^Br.MdjEt [218°] (Jacob 
sen, B 7, 1434) 

DI-BROMO - METHYL - ETHYL - GLYOXA - 
LINE C,Br 5 (CH 3 )fC H,)N 2 Dt bromo oxal 
ethyline [38°] Colourless crystals Sol acids 
Formed by brommation of methyl ethyl glyoxa 
line (oxal ethyline) (Wallach, B 16, 637) 

HEXA-BBOMO-METHYL-ETHYL KETONE 
C,H,Br,Ots CBr, CO CHj CBr, [90°] From 
v-di bromo ethylene and HBrO (Demole, B 11, 
1710) Reduced by sodium amalgam to methyl 
ethyl ketone Fuming HNO, gives malonic 
acid 

DI-BB0M0-(B 2 Py 2).DI-METHYL-(Pp 3) 
ETHYL-aTIINOLINEC.^H.jBrjN [144°] White 
needles (Harz, B 18, 8389) 

TBI-BBOMO METHYL-GLYOXALINE 
OsBr,(CH,)N2- Tn-hromo-oaxilmethylin [89°] 
White crystals Insoluble in cold water 

Formation — 1 By the action of Mel on tn 
bromo glyoxaline silver — 2 By brommation of 
methyl glyoxaline (oxal raethyline) dissolved in 
di’ute H^SO^ (Wallach, B 16, 637) 

BBOMO-METHYL-INDONAPHTHENE-CAB- 
BOXniC ACID CO^H [246°] 

Formed by brommation of methyl mdonaph 
thene m chloroform Needles SI sol alcohol 
(Roser, B 20, 1676) 

HEXA -BBOMO DI MNVHYL METHYLENE 
DIKETONE CjH^Br.Oji e CBr, CO CH^ CO CBr, 
Hexa hrcmio-OLcetyl-cLceUme [108°] From the 
diketone and Br (Combes, A Ch [6] 12, 240/ 
Needles , decomposed by alkalis into tn bromo- 
acetone and tn bromo-acetic acid 

eso BROMO>a METHYL-NAPHTHALENE 
C,„H„Br(CH,) (298° corr) Colourless fluid 
Formed by the action of bromine on a cold 
solution of (a) methyl naphthalene in CS2. 

Picric acid compound 
C„H»Br,C«H2(N02),0H. [105°] Yellow needles 
(Schulze, B 17, 1528) 

eso-Bromo-fl-methyl-naphthalene 
C,oH«Br(CH,) (296°) Colourless fluid Formed 
by the action of bromine on a cold solution of 
(jS) methyl naphthalene m CS2 
Picric acid compound 
C„H*Br,C^(N02),0H [113°], yellow needles 
(Schulze, B 17, 1528) 

«>-Bromo-(j9)-methyl>]iapht]ialene 
C.^CHjBr [66°] (213° at 100 mm ) White 
glistenmg plates Formed by passing gaseous 
bromme into (^) -methyl-naphthalene heated 
to 240° (Schulze, B 17, 1529) 


Txi-bromo^-methyl naphthalene G^H^r^ 
[228°] (Cannizzaro a Camelutti, O 12, 410 , 
cf Giovanozzi, O 12, 147) 

TBI-BROMO-METHYL DI PHENYL AMINE 
0,.H,oBr,N le NMe(C.H,Br2)(C«H,Br) [98°] 
From methyl di phenyl amine and Br (Gnehra, 
B 8, 926) HNO, forms {C«H2Br(NO,)2}2NH 
Tetra-bromo methyl di phenyl-afColne 
(CaH8Br2)2NMe [129°] Formed at the same 
time as the preceding (G ) 

DI BBOMO DI METHYL QUINOL v Di- 
methyl Bbomo hydroquikone 

BROMO METHYL PIPERIDINE 

The methylo-bromide 

(B'MeBr) is formed very readily by isomeric 
change of di methyl €8 di bromo n-am^l amine 
(so c^ed * di methyl pipendme di bromme ’), 
CH^Br CHBr CHj CH2 CH2 NMej, by warming 
its alcoholic solution ^or a short time (Merling, 
B 19, 2630) ^ 

DI BROMO-METHYL-PYBIDINE C,H,Br2N 
i e CjNHjMeBrj [109°] Formed, together with 
ethylene bromide, from tropidme {q v ) hydro- 
bromide and bromine at 166° (Ladenburg, A 
217, 145) 

s Di bromo di methyl pyridine CjNHMe^Br, 
[1 6 2 4] Di bromo lutidine [65®] Formed 
by the action of bromme upon an aqueous solu- 
tion of the potassium salt of s di methe> 1 pyn 
dine di carboxylic acid — B'2H3Cl2PtCl4 2aq 
needles (Pfeiffer, B 20, 1360) 

Di bromo s tn methyl pjrridine C^NMejBr, 
[1 3 5 24] Di bromo collidine [81°] (262°) at 
726 mm Obtained by the action of bromme 
upon an aqueous solution of the potassium salt 
of s tn methyl pyridine di carboxylic acid , the 
yield is 50 p c of the theoretical White pearly 
plates Very volatile with steam Weak base 
Balts — B'HCl easily soluble small glis 
temng crystals — B'2H2Cl2PtCl^ 2aq orange- 
yellow needles — B'gHjCraO^ [146°] , needles — 
’‘B'C,H,(N02 )sOH [160°] dark yellow flat 

pnsms, V sol hot alcohol, insol water (Pfeiffer, 
B 20, 1345) 

DI BBOMO TBI METHYL PYRIDINE DI- 
CABBOXYLIC ETHER Dibromide 
NC8H,Br2(C02Et)2Br2 [102°] From the follow- 
ing body and fuming HNO,(Hantzsch, A 216,17) 
Di bromo tn methyl pyndme di-carboxylio 
ether Di-bromhydride 
NC«H3r2(C02Et)2H3Br2 [88°] From the di- 
hydriae of (1,3, 6, 2,4) tn methyl pyndme di - 
carboiybc ether by Br m CSj (Hantzsch, A 
215, 14) Yellow twin crystals 

DI-BBOMO-DI-METHYL PYBOCATECHIN 
t; Di methyl ether of Di bromo pybooatechin 
HEXA-BBOMO-DI-METHYL TBISDLPHIDE 
CjBrgSjie (CBrjjjS, Carbotnihiohexabromide 
[126°] 8 (alcohol) 5 6 at 78° , 8 (ether) 2 35 

at 0° From CSj and Br (Hell a Urech, B 16, 
275, 987 , 16, 1147) Pnsms or tables, insol 
water Hot cone NaOH gives NaBr, NajCO^ 
and Na28, Decomposed by heat into CBr^, 
CS^Br^, 8Br2, and a blue substance C^Br^S^ 2a(iw 
DI-BBOMO-METHYL-THIOPHENE 
0,HBr2(CH,)S (228°) Oil (Meyer a Kreis, B 
17, 787) 

Tri bromo-(a) methyl-thiophene 04Br,(CH,)S 
Tri-hromo (/3) tmotolene [86°] Formed by bro- 
mmation of ()3) methyl thiophene (Egli, B 18i, 
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545). Long coloarless silky needles V sol ether 
ana hot alcohol 

Tri-bromo-methyl-thlopliene C.Br,(CH,)S 
[89°] Formed by brommation of tine methyl- 
thiophene from pyrotartario acid Large colour 
less needles (Volhard a Erdmann, B 18, 466) 
Forms a molecular compound [74°] with the 
preceding ^attermann, B 18, 3005) 

Bromo di methyl thiophene C^H(CHa)2BrS 
Bromo thzoxene (194° uncor ) Formed by bro- 
mination of thioxene dissolved m CS, Volatile 
with steam Colourless fluid Heavier than 
water JMessmger, B 18, 1637) 

Di-bromo di methyl thiophene C4(CH3)^r2S 
Ih bromo thioxene [46°] (247° uncor ) Long 
colourless needles Formed by adding 2 mols 
of bromine to cooled thioxene (from coal tar) 
(Messihger, B 18, 663) 

Di bromo di methyl thiophene C,(CH3)2Br2S 
£h bromo thioxene [4'^ 50°] Needles Vola 
tile with steam Foriped by brommation (with 
2Br2) of thioxene (from acetonyl acetone) (Paal, 
B 18,2263) 

Tri bromo di methyl thiophene C^H^BraS z e 
C^Br2(CH3)(CH2Br)S Trt bromo thioxene [144°] 
Crystallises and sublimes in needles Formed 
by the action of an excess of bromine upon the 
di bromo- derivative of the thioxene obtained 
from acetonyl acetone (Paal, B 18, 22o3) 

Onto bromo di methyl thiophene 
C4Br2(CBr3)2S Octo bromo thioxene [114°] Small 
needles Formed by the action of an excess of 
bromine upon thioxene (from coal tar) (Mes- 
singer, B 18, 565) 

BKOMO DI METHYL-o TOLUIDINE 
CaH.jBrN CaH3(CHa)(Br)NMe2 (245°) Pre- 
pared by brommation of di methyl-o toluidme, 
or by methylation of bromo o toluidme (Michler 
a Sampaio, B 14, 2172) Liquid , sol alcohol 
and ether, volatile with steam 
Bromo di mbthyl m tolxudine 
C3H,(Br)(CH,)NMe2 [1 2 4] [98°] (276°) Pre- 
pared by brommation of di methyl m toluidme 
White leaflets Insol water, sol alcohol, ligroin 
and CaHfl (Wurster a Riedel, B 12, 1800) 

Ferrocyantde B'2H<Fe(CN),4aq crystals 
Ferricyamde B'4H3Fe2(CN),2 9aq Very 
soluble yellow crystals (Wurster a Roser, B 
12, 1826) 

TETEA BBOMO MTBI8TIC ACID 

C,4H24Br402. From mynstolio acid and Br 
(Masino, A 202, 176) 

DI-BBOMO-MYBISTOLIC ACID C,4H^r202. 
Obtained by gently warming the preceding (M ) 
o.BBOMO.KAPHTHALENEC,oH^r[l] [6°] 
(277°), (280° cor) (Ramsay a Young, C J 
47, 650) BQ 14750, ^ 1603 Roo84 9 
(Nasim, O 16, 93) 

Formation — 1 From naphthalene m CS, 
and Br (Laurent, A Ch [2] 69, 196 , Glaser, A 
186, 40, Wahlforss, Z 1866, 3, Gnehm, B 
15, 2721) — 2 From diazo bromo naphthalene 
salts by filing with alcohol (Bother, B 4, 861 , 
Stallard, C J 49, 188) —3 From Hg(C,oH,)2 
and Br (Otto, ^ 147, 176) 

Propel tie 9 — Liquid, insol water, miscible 
with alcohol, ether, and benzene 

Reactions — 1 CrO, gives phthalio acid 
(Beilstem a Kurbatow, C 0 1881, 359) — 2 A 
solution m CS^ gently heated with AI Cl« gives 
(jS) bromo naphthalene as the chief product, to 


gether with di bromo-naphthalenes, and naph- 
thalene (Roux, BL [2] 46, 510) — 8 Toluene in 
presence of Al^Clf forms bromo toluene and 
naphtiialene (Roux)— 4 Reduced by sodvwm- 
amalgam to naphthalene — 6 CLCO*Et and Na 
give naphthoic acid 

Picric acid compound 
C„H2BrC3H2(N02),0H [136°] Yellow needles 
(WichelhauB, B 2, 306 , R ) 

Bichloride C.oH^BrCl, [166°], tables 
($) Bromo-naphthalene C,.H,Br [2] [69°] 

(282 cor ) S (92 p c alcohol) 6 at 20° 

Formation — 1 By heating {$) diazo naph- 
thalene with a large excess of HBr (Gasiorowski 
a Wayss, B 18, 1941 , cf Liebermann, A 183, 
268) — 2 By running a solution of {$) diazo- 
naphthalene bromide into a hot solution of 
cuprous bromide , the yield is 30 p c of theo 
retical (Lellmarm a Remy, B 19, 811) — 3 
From {h) naphthol and PBrj (Brunei, B 17, 
1179) — 4 From (a) bromo naphthalene and 
AI2CI3 (Roux, Bl [2] 45, 613) 

Properties — Trimetric scales, v sol CS^, 
CHCI3, benzene, and ether 
Picric acid compound 
0,oH,BrC3H2(N02)sOH [79°] (R ) , [86°] (B ) . 
S (alcohol of 92 p c ) 6 at 20° (R ) 

Di-bromo-naphthalene CjoHaErg [61°] 
Formed in small quantity by brominatmg naph- 
thalene (John, Bl [2] 28, 614 , not observed by 
others) 

o Di bromo naphthalene CjoHeBrj [1 2] [63°] 
From (1, 2) bromo (8) naphthylamine by the 
diazo perbromide reaction (Meldola, C J 43, 6) 
Oblique rhombic prisms (from alcohol, acetone 
or petroleum) 

m Di bromo-naphthalene CjoH^rj [1 3] 
[64°] From di bromo (o)-naphthylamme, [119°] 
by removal of NH, (Meldola, C J 43, 2) 
Needles 

Di bromo-naphthalene CjoHsBr, [2 3] ? 
[c 68°J Formed, together with two isomerides, 
[81°] and [180°] by the action of Br (2 mols ) 
on naphthalene (1 mol ) (Guareschi, O 7, 24) 
Also from bromo ()3) naphthol and PBr, (Canzo- 
nen, O 12, 425) Prisms (from alcohol) 

(o/B') Di bromo tfaphthaleneC,oH,Br2[4 2'or3'] 
[74°] From (4, 2 or 8', 2) di bromo-naphthyl- 
amme by diazo reaction (Meldola, C J 47, 

613) Silvery scales (from dilute alcohol) 
i;-Di-bromo-naphthalene C,oH,fBr2 [1 x] [77°] 

Formed, together with the isomeride [180°], by 
brommating naphthalene (a) sulphonio acid 
(Darmstadter a Wichelhaus, A 162, 304) 

(iB)-Di-bromo naphthalene OjoHaBr, [1 4] 
[82°J (310°) B (93 6 per cent alcohol) 1 38 

at 11 4° , 6 at 66° (Guareschi, A 222, 269) 
Formation -—1 The chief product of the 
action of bromine (2 mols ) on naphthalene 
(Glaser, A 135, 40) — 2 By distilling (o) bromo- 
naphthalene sulphonio acid or nitro (o) bromo- 
naphthalene [86° j with PBr^ (John, Bl [2] 28, 

614) — 3 From acetyl (a) naphthylamine by bro 
minatmg, saponifying, and treating the resulting 
C,^„Br(NH2) by the diazo reaction (Meldola, 
C J 43, 4) 

Properties — Long needles Oxidised by 
HNOs to di bromo phthalio and bromo-mtro- 
phth^o acids and bromo nitro-naphtiialene 
CrO, in acetic acid gives di bromo naphtho 
quinone and di bromo phthaUde Reacts with 
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Br forming [178°] (Guareschi, G 16. 

141) 

Conshtuhon, — This follows from the oxida 
tion to di bromo phthalic acid, coupled with the 
observation that the bromo (o) naphthylamine 
from which it may be formed (v supra) gives 
(a)-bromo naphthalene by the diazo reaction 
(7) Bi bromo naphthalene 

[1 l'or4'] [131° cor] (326°) S 

(93 6 p c alcohol) 2 at 66° 

Formation.— 1 By brominating naphthalene 
(G , Magatti, O 11, 367) — 2 From diazo 
bromo naphthalene (from bromo-naphthylamine 
[64°]) by adding bromine water and warming the 
pp with HOAc — S The chief product of the 
action of Br on naphthalene (a) sulphonic acid 
(Darmstadter a Wichelhaus, -4 162,303)— 4 By 
the action of PBr, on (a) di nitro naphthalene 
or bromo naphthalene (a) sulphonic acid (J ) 
Properties — Tables HNO, gives bromo 

nitro phthalic acid CrOg in HOAc gives bromo 
hthalio acid [176°] Does not form a tetra 
romide with Br 

5 Di bromo naphthalene CmHgBrj fl41°] 
Prom naphthalene (a) sulphomo acid and PBr, 
(J ) Thin plates 

•-Di bromo naphthalene C,^cBr, [160°] 
Prom (a) bromo naphthalene sulphonic acid and 
PBr,(J) 

Di>bromo>naphthalene tetra>ohlonde 
0,^sBj‘2Cl4 [166°] From di - brominated 

naphthalene (? [82°]) and Cl (Laurent) 

Di hromo-naphthalene tetra-bromide 
C,oH«Br„ A mixture of three bodies of this 
composition, [0 100°] [120°] and [173°] is formed 
from naphthalene and Br (G ) 

Tri-bromo-naphthalene C,oHgBr^ [76°] 

Formed by brominating naphthalene, or by heat 
mg di bromo naphthalene tetra bromide with 
alcoholic KOH (Laurent, A Ch [2] 59, 196 , 
Glaser, A 135, 43) Neeles (from alcohol) 
Tn-bromo naphthalene C,^jBr, [1 4 l^] 
[85°] From di bromo nitro-naphthalene [117°] 
and PBr, (John) Needles 

Tri bromo naphthalene i.C,oH4Br, [87°] 
From di bromo naphthalene (fi) solphomc acid 
and PBr^ (J ) Needles 

Tn bromo naphthalene Oi^HjBr, [1 3 l'or4'] 
[106°] From (3, 1' or 4', l)-di bromo naphthyl 
amme [102°] by diazo- reaction (Meldol^ C J 
47, 616) 

Tri bromo-naphthalene C.^H^Br, [1 3 2'or3'] 
[110°1 From (1, 2' or 8', 3) m bromo-naphthyl 
amine by the diazo reaction Needles (from 
alcohol) (Meldola, C J 47, 613) 

Tri>bromo-naphthalene Ci^H^Br, [1 2 4] 
[114°] From C,^,(NH2)Br, [1 2 4] by diazo 
reaction (Meldola, C J 43, 4) Formed also by 
heating C,^a(N^)(N05)Br [1 2 4] with oonc 
HBrAq and glacial HOAc at 180° (Prager, B 
18, 2168) WTute needles (from dilute 
Xhlute HNO, at 180° gives phthahc aoid 

Tetra-bromo-naphthalene Cj^^r^ [1 4 2' S'] 
[176°] S (96 p c alcohol! 6 at 78° From 
^ bromo naphthalene tetraoromide [178°] and 
NaOEt (Guareschi, Q 16, 141) Needles (from 
alcohol) or plates (by sublin^tion) CrO, m 
HOAo gives di-bromo phthahde [188°] and 
taira bromo (a) naphthoquinone [224°] 


Tetra-bromo naphthalene OioH^r^ [120°] 
From di bromo naphthalene tetrabromide [100*^ 
and NaOEt (Gu ) Needles (from alcohol) 
Tetra-bromo-naphtbalene tetra>bromide 
CjoH^Br,, [173°] From(l,4)-di bromo naphthal- 
ene and Br (Gu ) 

Penta bromo naphthalene CjoH,Brg From 
C,oH4Br4 and Br at 160° (Glaser) Granules, 
msol alcohol 

Hexa bromo-naphthalene CjoHgBr. [262°] 
From naphthalene, Br, and I at 400° (Gessner, 
B 9, 1605) Also from naphthalene (20 g ), 
Al^Clj (16 g ) and Br /300 g ) (Roux, Bl [2] 45, 
516) Needles , easily subhmed Does not 
combine with picric acid 

BEOMO NAPHTHALENE DI CAEBOXYLIC 
ACID C,2H;Br04 ic C.oHgBrrCO.H)^ [210°] 
From bromo acenaphthene and CrO, (Blumen- 
thal, B 7, 1096) Needles (from benzene) Con- 
verted by NH, into thenmide CioH5Br(CO)^NH 
[above 265°] r 

BEOMO-NAPHTHALENE-(i3)- 8ULPHINI0 
ACID C,^aBrSO^ From naphthalene (8) 
sulphinio acid and Br (Gessner, B 9, 1503) 

(a) BEOMO -NAPHTHALENE SULPHONIC 
ACID C,oH«Br(SO,H) [1 4] [139°] Formed by 
Bulphonatmg (a) bromo naphthalene (Laurent, 
Compt chim 1849, 392 , Darmstadter a 
Wichelhaus, A 152, 303, Otto, A 147, 184) 
Flat needles Oxidised by KMnO, to phthalic 
acid (Meldola, B 12, 1964) Potash fusion 
gives no bromo naphthol (M ) Br gives chiefly 
CjoH^r^ [82°] — CaA'3 8aq — BaA'j 2aq — 
PbA', l^aq 

C/iioride C,^8Br(SOjCl) [87°] (Jolin,Bi 
28, 516) In its preparation there is also formed 
C,oH,Cl(S02Br) [116°] (Gessner, B 9, 1504) 
Bromide C,oH,Br(SO;Br) [115°] (J ) 
Awide C,-H;^r(SO-NHA [190°] (J), [196°] 
(0) 

Bromo naphthalene (a) sulphomo aoid 
C,„ByBr(SOjH) [104°] Formed by bromina 
ting naphthalene (a) sulphonic acid ( D a W ) 
PBr, gives di bromo naphthalene [131°] — KA'. 
Chloride C„H,Br(SOjfCl) [90°] ( J ) 
Amide C,oH;^r(SO^Hf) <(206°] ( J ) 
Bromo-naphthalene (/3) -sulphonic aoid 
C,,H,Br(^SO,H) [62°] Formed by brommatmg 
naphthalene (/3) sulphomo acid (Da W ) 
Crystallme mass, sol ether (difference from the 
two preceding acids) — KA' 

Bromo naphthalene sulphonic aoid 
C,oH,Br(SOaH) Formed m small quantity in 
preparing its isomende [139°] by siBphonating 
a) bromo naphthalene with H^SO, or 01SO,H 
Armstrong a Williamson, C J Proc 1, 234) 
Chloride C,,H,BrSO,Cl [161°] 

Di-bromo naphthalene (/3)-sulphonio aoid 
Cu,H,Br2(SO,H) Formed by brominating naph- 
thalene (B) sulphomo aoid (J ) CrystaUine. 
PBr, gives tn-bromo naphthalene [87°] 
Chloride C.ABrUBOjCl) [109°] 

Amide [238°] 

Di-bromo-naphthmene sulphonic aoid 
C,oH,Brj(80,H) Got by sulphonating di- 
bromo naphthalene (Laurent, A 72, 299) — KA'. 
— BaA'j. 

BEOMO NAFHTBLALIC ACID v Bromo oxt- 

(a) MAPHTBOQUIMOKE 

BEOMO (a) NAPHTHOIC AOID 

CrtH.BrOa i.e C„H,Br CO,H [1 4'] [246°] (Ek- 
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itrand, B 19, 1185) Produced from its nitrile 
or by brominating (a) naphthoic acid (Hausa 
mann, B 9, 1516) White needles (by subh- 
xnation) — KA^aq —CaA, l^aq S 1 6 at 20® — 
BaA'jSaq S 1 7 at 21° — AgA 

Amide O.^HeBr CONH, [241®] , flat needles 
Nitrile OjoH^rCN [147®] From (a). 
naphthonitr}ie in CSj and Br 

Bromo (/3). naphthoic acid 0,oH3r CO-H 

S From (3) naphthoic acid and Br (H ) 
3 S (by sublimation) — KA'2|aq — CaA'-Saq 
S 02at20®~BaA'2 3aq S 023at21°— AgA 
Nitrile C,oH«Br ON [149°] , flat needles 
Tri bromo (3)-naphthoio aoid C.^H^Br, CO,H 
[270®] From (3) naphthoic acid (1 mol ), Br 
(3 mols ), and I at 850° Needles (by sublima 
tion)— faA', (H) 

Xetra bromo (a) naphthoic acid 
CjoHgBr^ CO^H [239®] From (a) naphthoic 
acid (1 mol) and Br (4^ mols) at 360’ (H ) 
Granules (from alcohol)^or needles (by sublima* 
tion) — BaA'2 

Tetra-bromo (3) naphthoic aoid 
CiflHjBr^ CO2H [260°] Preparation and proper 
ties similar to those of the preceding acid (H ) 
BB.OMO (a) NAFHTHOL Ethyl ether 
C,oHaBr(OEt) [48°] From ethyl bromo (a) 
naphthol and Br (Marohetti, C N 40, 87) 
Prisms, V sol ether 

Brqpo (3) naphthol 0,<,H«Br(0H) [8 2] ? 
[84 °] Prepared by adding Br in glacial acetic 
acid slowly to naphthol m glacial acetic acid 
(A J Smith, C J 85, 789) Needles Sol 
alcohol, ether, hght petroleum and benzene At 
130® it begins to decompose, giving off HBr 
Oxidised by alkaline KMnO^ to phthalic acid 
PBr, gives di bromo naphthalene [68°] and (3) 
bromo naphthalene (Canzonen, O 12, 424) 
Acetyl derivative CioELBr(OAo> (216°) 
at 20 mm (C) 

Nitroso iferivative C,oH4(NO)Br(OH) 
[65°] green needles 

Di bromo (a) naphthol Ci^5Brj(OH) [1 3 4] 
[106®] (Fittig, A 227, 244) Formed by bromi 
natmg (o)-naphthol in HOAc (Biedermann, B 6, 
1119) and m small quantity from di bromo (a) 
naphthylamme by the diazo- reaction (Meldola, 
C J” 46, 161) Long needles (from alcohol) 
Powerful oxidismg agent 

Reactions —1 KMnO^ gives phthalio acid — 
2 Alcohohc KOH gives tn oiy naphthalene — 
8 Combines with amlme forming a white orys 
talhne salt If this is heated for 10 minutes 
at 200°, and then allowed to cool, crystals of 

or (3) naphthoquinone di- 

anihde {q v ) are got (Meldola, C J 46, 166) — 
4 p Toluidine forms tne corresponding (3) naph* 
thoqumono di toluide {q v ) — 5 (3) naphthyl 
amine forms the corresponding (3) naphtho 
quinone di naphthahde {q v ) 

Tetra-bromo (3)-iiaphtholC,oH,Br40H [166°] 
Prepared by adding excess of bromme to (3)- 
napnthol dmsolved in glacial acetic acid (A. J 
Smith, C J 86, 791) White needles (from 
glacial acetic acid) Sol CSj, benzene and 
alkalis Omdised by EMnOf and £OH to bromo 
phthalio acid (anhydnde [126®]) Henoe it is 
CJSBra(0,H,BrOH) 

Penta-bromo (a) naphthol 0|«H,Br, OH 
£2 4.1^ 8* 4' 1]* [989®] Formed by brommation 


of (al-naphthol m presence of Al,Brg« Slender 
feltea needles SI sol benzene, xylene, and ou 
mene, nearly insol alcohol and ether Dissolves 
in alkahs By dilute HNO, at 100® it is oxidised 
to tetra bromo- (o)-naphthoqumone [266°] , at 
160° it is oxidised to di-bromO-phthalio acid 
[206®] — OijHjBrjONa long easily soluble 
needles — Cj^H^rj OK small colourless needles 
(Bltimlem,B 17,2486) 

Penta - bromo - (3) naphthol OjoHjBrgfOH) 
[287°] Formed by brommation of (3) napnthol 
m presence of Al^Br^ White needles Insol 
alcohol, b1 sol benzene It is oxidised by HNO. 
to tetra bromo (3) naphthoquinone , on further 
oxidation it yields tn- bromo phthalic acid 
C,oH2Brg(ONa) long white silky needles (Flessa, 
B 17. 1479) 

Bromo (3) naphthol (a) snlphonio acid 
C„H3Br(OH)SO,H [3 2 1]? 

Salts — Formed by adding the calculated 
quantity of bromme to saturated solutions of 
the salts of (3) naphthol (a) sulphonic acid 
(Armstrong a Graham, C J 39, 137) — KA' 
S 4 at 16® Boilmg HNO, forms phthalic acio. 
— CaA'2 x&q 

BEOMO (a) KAPHTHOQiriNOBB 

Anilide C,oH;Br(NHO,Hs)0, [166®] 
Formed by the action of amlme on bromo oxy- 
(a) naphthoqumone [197°] in acetic acid solution 
Red prisms Sol hot alcohol and hot acetic 
acid By cold aqueous NaOH it is split up mto 
its constituents (Baltzer, B 14, 190^ 

An isomenc anilide 0,oH4Br(NPhH)Og 
[2 3 4 1] [194®] 18 formed by boiling di bromo- 
(a)-naphthoqumone [218°] with an alcoholic solu 
tion of aniline It is converted by KOH mto 
bromo oxy-(a)-naphthoqumone [202°] (Miller, 

[2] 43, 126) 

p Bromo anilide C,oH4Br(NHO„H^Br)0,. 
[240°] Prepared by brommation of (o) naphtho- 
qumone amhde, or by boilmg a mixture of p- 
bromo amlme and bromo oxy (a) naphthoquin- 
one with acetic acid Red needles Sol benzene, 
si sol alcohol By alcohohc H^SO, it is decom- 
posed mto bromo oxy (a) naphthpqmnone and p 
bromo-anilme (Baltaer, B 14, 1901) 

Bromo (3) -naphthoquinone 

[178°] Obtamed by brommation of (3) naphtho- 
quinone m acetic acid Red needles or prismatic 
crystals M sol warm alcohol, benzene, and 
acetic acid Sublimable Dissolves in dilute 
caustic alkalis with a brownish red colour, form- 
mg bromo oxy -(a) naphthoquinone [196®] 
(Zincke, B 19, 2496) 

Di- bromo (a)- naphthoquinone C,oH^r,0^ 
[161°] S (alcohol) 98 at 13° Formed by the 
action of Br (7 pts ) and I (2 pts ) on (o) 
naphthol (1 pt ) m presence of water (Diehl a. 
Merz, B 11, 1065) Yellow needles, may be 
sublimed Alkalis from HBr and bromo-oxy- 
naphthoqumone 

Di bromo - naphthoquinone C,gH.Br-0- 
[171°-178®] [14r4T? S (96 pc alcohol) 34 
at 16° From di bromo-naphtholene [82°], 
CrO, and glacial acetic acid (Guaresohi, A 222, 
279) Yellow needles (from alcohol) InioU 
water Cannot be sublimed. Volatile with 
steam OrO, does not oxidise it to ^-bromo- 
phthalide. 
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Di-broxiio-(j9)-napht!ioqTilnoiie OioH^Br^Og 
[1 2 8 4] [174°] Obtained by the action of 

bromine upon bromo-(/S)*naphtho<juinon6 in hot 
acetic acid, or better upon (o) amido {$) naphthol 
or its sulphate. Thick red plates or tables SI 
sol alcohol and ether (Zmcke, B 19, 2496) 
Di-bromo-napkthoquinone CjoH^BrjO, [218°] 
Prom (a)-naphthoqumone, Br, and I (Miller, Bl 
[2] 38, 138) Prisms Converted by KOH into 
bromo oxy naphthoquinone [200°] 

Amltde [194°] 

Tetra-broino-(o)-naphtlioqxiinone CjoEyBr^Oj 
[265°] Yellow plates. SI sol alcohol Formed 
by oxidation of penta-bromo (a) naphthol with 
dilute HNO3 at 100° By further oxidation at 
160° it yields di bromo phthalio acid [206°] 
(Bliimlem B 17,2488) 

Tetia-bromo-[a]-naphtlioqumone CjoHjBr^Oj 
[1' 4' 2 3 1 4] [224°] Formed by oxidismg tetra- 
bromo naphthalene [173°] Orange yellow 
prisms, V sol hot water (Guareschi, O 16, 149) 
Tetra-bromo-(/3) naphthoquinone CioH^Br^O^ 
[164°] Bed granular crystals SI sol alcohol 
Formed by oxidation of penta bromo (0) naphthol 
with dilute HNO3 By further oxidation it is 
converted into tn bromo phthalic acid (Flessa, 
B 17, 1481) 

BEOMO-NAPHTHOSTYRIL v Inner anhy 
dnde of Bromo amido naph thoic ac id 
DI-BROMO-(aa)-DINAPHTHYL 
[216°] From di naphthyl and bromine vapour 
(Lossen, A 144, 77) Monochnic prisms , v si 
sol alcohol 

Hexa-bromo«](aa) dinaphthylC^oI^^s B-esm 
Hepta-bromo-(/3^) dinaphthyl C^H^Br, 
Amori^ous (Smith a Poynting, C cT 27, 854) 
BBOMO-NAPHTHYLAMINE C,oH^r(NH-,) 
By reduction of bromo nitro naphthalene [85°] 
of Jolin, itself got from (a) bromo naphthalene 
by nitration An oil May be distilled with 
steam FejClg gives a violet colour in its aqueous 
solution Reduces AgNOs (Guareschi, A 222, 
299) Possibly identical with Bother’s (1, 4)- 
bromo naphthylamine [94°] 

m-Bromo-(a>naphthylamm0 C,oHjBr(NH2) 
[3 1] [62°] From the niUo compound, zinc 

dust, andHOAc (Meldola, C J 47, 609) Needles 
(from dilute alcohol) 

Acetyl derivative C,«H^r(NHAc) [187°] 

H G 0d.lGS« 

o-Bromo (/3) naphthylamine C,oHa(Br)NH, 
[1 2] [63°] Got by saponification cd the acetyl 

derivative obtained by brommation of acetyl 
(iS) naphthylamine [131°] Small white needles 
Volatile with steam It is a neutral body Dilute 
HNO, gives phthaho acid (Meldola, C J 43, 6) 
When NH2 is displaced by H (a) bromo napn 
tbalene results (M ) 

Acetyl derivative C,oHaBr NH(Ac) 
[135°] Needles (Oosiner, B 14, 69) 

Bromo (a) naphthylamine C„HgBr(NH3) 
[1 1' or 4 '] [64°] From bromo-mtro naph- 

thalene [122 6°] (Guareschi, A 222,297) Volatile 
with steam. Plates (from boiling water) May 
be sublimed EMnO^ forms c bromo phthaho 
acid fl66°-172°J — BUCl 

m Bromo oJ-naphthylamino C,cHgBr(NH2) 
[1 3] [72°] Prom Liebermann’s bromo mtro 

naphthalene by reduction (Meldola, C J 47, 
609) Converted mto (1, 8) di bromo naphthal 
ene by the diazo reaction. 


Acetyl derivative O|0H„Br(NHAo)* 
[187°] needles 

p Bromo<a)>naphthylamino 0,oHeBr(NH2) 
[1 4] [94°] From its acetyl derivative and 

KOH (Bother, B 4, 860 , Meldola, B 12, 19611 
Needles On oxidation it gives phthaho acid. 
By diazo- reaction it gives (o) bromo naphtha 
lene Br gives di bromo naphthylofnino [119°], 
Acetyl derivative CjoHgBr NHAc [192°] 
Prepared by slowly adding HCl to a solution of 
bromine m NaOH in which is suspended acetyl- 
(a) naphthylamme White needles (Prager, B 
18, 2159) 

Di bromo.(o) naphthylamme 0,„H5Br2(NHj) 
[3 2'or3' 1] ? [102°] h rom its acetyl deriva 

tive Neales, sol boiling dilute acids Re- 
moval of NHj gives di bromo naphthalene 
[74°] (? [1 1']} 

Acetyl derivative CjoH^Br (NHAc) 

221°] From acetyl (3, 1 ) bromo naphthylamme 
and Br (Meldola, C J 614) 

Bl bromo (a) naphthylamine 
C,oH,Br2(NH2^ [1' 3 1] [106°] From its acetyl 

derivative Needles Oxidised by dilute HNO, 
to c bromo phthalic acid [174°] Converted into 
di bromo naphthalene [74°] by diazo reaction 
Acetyl derivative C,oHjBr2(NHAc) 

[222°] From bromo naphthylamine [G2°] by 
acetylation and brommation (Meldola, C J 47, 
512, C J Proc 1, 173) 

Bl bromo (a) naphthylamme 
C,„H,Br2(NH2) [13 4] [119°] From the acetyl 
derivative by hot aqueous KOH Needles , 
does not combine with acids Oxidation gives 
phthaho acid , the diazo reaction gives (1, 3)- 
di bromo naphthalene 

Acetyl derivative 0,oH5Br2(NHAc) 
[226°] Formed by brommation of acetyl (a)- 
naphthylamme (Meldola, B 12, 1961) 

Bl bromo (/9) naphthylamme C,oHsBr2(NH2) 
[121°] Long colourless needles Formed by 
the action of bronune m acetic acid solution 
upon {&) naphthalene-azo (/3) naphthylamme 
Acetyl derivative [208°] (Lawson, B 
18, 2424) 

Tetra bromo naphthylamme 
Acetyl derivative CioHjBrgNHAc [138°]. 
Formed by brominating acetyl (^1,2) bromo (/3)- 
naphthylamme m acetic acid solution (Meldola, 
C J 43, 8) Mmute needles (from alcohol). 
Could not be sapomfied 

BBOMO-BAPHXHALEKE-BUMIKE. 
Acetyl derivative C,gHjBr(NH2)(NHAc) 
[2 4 1] [c 222°]. From bromo nitro acetnaph- 
thalide Is not basic (Meldola, C J 47, 499) 

Di bromo.(l l'or4')-naphthylene diamine 
C,eHjBr(NH2)2. From naphthylene-diammo 
hydrochlonde (from (a)-di mtro naphthalene) 
and bromine water (Hollemann, Z 1865, 566) 
BI-BBOXO (a) BIKAPHTHYLBKB-OXIBE 
CjoHjoBrjO [287^] Light yellow crystals SI 
sol benzene and acetic acid Prepared by the 
action of Br on a CS, solution of (a)-dinaphthyl- 
ene-oxide (Kneoht a. Unzeitig, B 18, 1725) 
Bl-bromo (iS) dinaphthylene oxide 
Cj,H,oBr,0 [247°] Yellow needles Prepared 
by the action of bromine on a CSj solution cf 
(/8) dmaphthylene-oxide (K a U ) 

BI-BBOXO-BI-HAPHTHYL-XETHAITS 
C^pH^Br, [193°] From di-naphthyl methane 
and Br (Grabcwski, B 7, 1C06) Needles (from 
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i^ooliol benzene) , not affected by boiling alco- 
holic KOH 

BBOMO-NICOTINE v Nicotine 
BBOMO 0 NITEO-A.CETOPHENONE 

C^H^rNOate [2 1] 0«H,(N02) CO CH^Br [66°] 
By brommation of CaH^fNOj) CO Me (Gevekoht, 
A 221, 827) Needles (from benzolme) 

Bromo j^-nitro acetophenone 
fS 1] CaH 4 (NO J CO CHjBr Nitro phenyl bromo 
methyl ketone [96°] Formed by nitrating 
bromo acetophenone Needles (from dilute 
alcohol) , V si sol ether Oxidation gives m 
nitro benzoic acid (Hunnius, B 10, 2008) 
Di>bromo o nitro acetophenone 
C«H 4 (N 03 ) CO CHBrj [86°] Prepared like the 
above (G ) Attacks the eyes Prisms (from 
benzoline) 

(v-Dl-broxno m nitro acetophenone 

CaH4(N02) CO CHBr 2 m Nitro phenyl di bromo 
methyl ketone [69°] Jgormed by careful nitra 
tion of w di bromo acejjpphenone , or by further 
brommation of w bromo m nitro acetophenone 
Yellowish tables V sol most solvents (Engler 
a Hassenkamp, B 18, 2240) 

BEOMO-NITRO-o-AMIDO-BENZOIC ACID 
C„H3Br(N03)(NH2)C02H [1 2? 4 5] [272°] 

hormed by treating nitro isatoic acid at 100° 
with bromine dissolved in glacial acetic acid 
(Dorsch, J pr [2] 83, 40) Long yellow needles 
Sol hot water, acetone, alcohol, glacial acetic 
acid afid ether Insol chloroform and benzene 
Di-bromo-nitro-o- amido-benzoic acid 
C,HBr2(N0)(NH2)C02H [c 203°] From nitro 
isatoic acid and bromine in glacial acetic acid 
at 100° (D ) Plates Sol acetone, alcohol and 
glacial acetic acid, less sol benzene, chloroform, 
and ether, insol water 

Tn bromo nitro-o amido-benzoic acid 
C,Br,(NO,)(NH 2 )(CO,H) [19G°] From nitro 

isatoic acid and bromine (D ) Needles (ppd by 
adding water to Its solution in acetone) V sol 
acetone, alcohol, ether, glacial acetic acid,chloro 
form and benzene 

(3 o 4 1) BEOMO NITEO AMIDO PHENYL 
ACETIC ACID CA(Br)(NO)(NH2)CH,CO,H 
[3 6 4 1] [192°] prepared by saponification of 
the acetyl derivative of (3 5 4 1) bromo nitro 
amido benzyl cyanide (Gabriel, B 15, 1994) 
Long yellow needles Sol hot alcohol, ether and 
acetic acid, si sol cold water, benzene, and 
chloroform 
Nitrile 

C,H2(Br)(N02)(NH2) CR^CN [3 5 4 1] Bromo 
nitro amido benzyl cyanide Acetyl derivative 
[191°] Formed by nitration of t*ie uoetyl deri- 
vative of (3 4 1) bromo -amido phenyl aceto 
nitnle (Gabriel, B 16, 1992) Slender yellow 
needles, sol alcohol and acetic acid, si sol cold 
water, v si sol ether and OS, 

BBOMO NITBO ANILINE 
C„H,Br(N02)(NR2) [1 3 6] [104°] Formed by 

heating [69°] with alcoholic 

NH, at 190° (Kdiner, G 4, 371) Yellow 
neeies , gives m bromo nitro benzene by diazo 
reaction Br forms di-bromo p nitro anihne 
[208°] 

Benzoyl derivative C«H3Br(NOJ(NHBz) 
[160°] From benzoyl p mtro aniUne and Br 
(Johnson, B 10, 1709) 

Bromo-nitro aniline C^H^Br (NO )(NHj)[l 3 4] 
[lll°] S 014 at 2D° , S (alcohol) 10 4 


FormaUon^—l From nitro p-di bromo benz- 
ene and alcoholro NEC, at 165° (K , Meyer a 
Wurster, A 171, 69) — 2 By nitrating jp-bromo 
amlme in glacial HO Ac (Hdbner, A 209, 357) 

8 By the action of alooholio NH, on the methyl 
derivative of (1,3,4) bromo nitro phenol 

Properties — Orange needles , may be sub- 
limed , scarcely basic Converted by diazo re- 
action into m bromo mtro benzene [66°] 

Acetyl derivative CaH 3 Br(NO,)(NHAc), 
[103°] Formpd by nitrating acetyl-p bromo- 
anilme (H ) Ammonia and zinc dust reduce 
it to C ABr(NHAc) Nj C«H,Br(NHAc) [282°J 
(Matthiessen a Mixter, Am 8, 347) 

Benzoyl derivative G,H,Br(N02)(NHBz) 
[138°] Formed by nitrating benzoyl p bromo- 
amline or brommating benzoyl-o mtro aniline 
(Memecke, B 8, 564 , Johnson, B 10, 1710) 
Bromo mtro aniline 

C„H,Br(N02)(NH2) [1 2 4] [132°] Formed by 

nitration of p bromanihne dissolved in 10 pts 
of H SOj Flat plates V sol alcohol, ether, 
acetic acid, and chloroform, v sol water By 
further brommation it yields tn bromo nitrani- 
line [103°] (Nolting a Colhn, B 17, 266) 

Bromo mtro amlme 

C„H,Br(N02)(NH3) [1 4 6] [151°] Formed by 

the action of alcoholic NH, upon (1,5,4) di- 
bromo mtro benzene [62°] or on (1,4,5) bromo 
di mtro benzene [5G°] (K , Wurster, B 6, 1542) 
Orange needles Gives by diazo reactionp bromo- 
nitro benzene Is not basic Dilute HNO, (S G 
1 38) slowly forms bromo di mtro phenol [81°] 
Bromo di mtro amlme 

C„H-Br(NO ) 2 (NH,) [1 3 6 6] [154®] (L ) , [144°] 
(K ) Formed by brommating di mtro amlme 
(K ), or by heating di mtro methyl amhne with 
HOAc and Br (Leymann, B 15, 1234) Yellow 
needles Converted by boiling KOH mto bromo 
di mtro phenol [118°] 

Bromo di mtro amlme CflH2Br(N02)2(NHJ 
[lb0°] From di bromo di mtro benzene [100°] 
and alcoholic NH, at 100° (Austen, B 9, 919) 
Orange scales 

Bromo di mtro amlme C«H2Br(N02)«>(NH-,) 
[178°] From di brcpo di mtro benzene [117°] 
and alcoholic NH, (K ) 

Bromo di mtro-amlme Benzoyl den 
vative C„H2Br(N02)2(NHBz) [1 3 5 4] [221°] 

Small needles , formed by nitrating benzoyl 
bromo mtro amlme C«H,Br(N02)(NHBz) [1 3 4], 
or benzoyl di bromo amlme (Johnson, B 10, 
1710) 

Bromo di mtro anilme Benzoyl deri- 
vative C,H 2 Br(N 02 ) 2 (NHBz) [196°] Formed 
by nitrating benzoyl p bromo amlme (Memecke, 
B 8, 564), is probably identical with the pre- 
ceding 

Di bromo nitro-anilme C,H 2 Br 2 (NO,)(NH 2 ) 
[75°] From di bromo di nitro-benzene [159°] and 
aloohohc NH, at 100° (Austen, B 9, 622) Bed 
needles 

Di bromo-o mtro amhne C«H 2 Br 2 (NO,)(NH,) 
[1 3 6 6] [127°] (Hentschel, J pr [2] 84, 426) 

Formation — 1 By brommating o mtro ani- 
hne or (1,3,4) bromo mtro anihne — 2 By the 
action of alcoholic NH, on (1,3,4,6) tri-bromo- 
nitro benzene or the methyl ether of (l,8,5,6)-di- 
bromo mtro-phenol (K ) 

Properties — Orange needles 
[ Acetyl derivative C,HjBr,(NOJ(NHAo)* 
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[209®] Prom acetyl di bromo aniline by nitra- 
tion Needles, t sol alkalis (Bemmers, B 
7, 848) 

Beneoyl derivative 0,HiBr3(N02)(NHBz) 
[18 5 6]? Formed by brommating 

benzoyl o mtro aniline (Johnson, B 10, 1710) 
Yellow needles 

Di hTomop nitro aniline 0„H3Bra(N02)(NH3) 
[1 3 5 2] [207°] (L ) , [203°] (K ) 

Formation — 1 By brommating p nitro ani- 
line or (1,3,6) bromo nitro aniline — 2 By the 
action of aloohoho NH, on tri bromo nitro benz 
ene [112°] or the methyl ether of (1,3, 5, 2) di 
bromo nitro phenol (K ) — 3 From tri bromo 
aniline m HOAc by warming with cone HNO, 
for a short time (Losanitsch, B 15, 474) 

Properties — Thm yellow needles Displace 
mentof NHj by H gives tn bromo benzene [112°] 
Tn bromo nitro aniline CyHBr,(NO HNH^) 
[1 3 5 4 6] [103°] From m mtro aniline and 
bromme vapour (K ), or from (1,2,4) bromo 
mtro aniline and Br in HOAc (Noltmg a Collin, 
B 17, 266) Pale greenish yellow needles m 
stellate groups , v sol alcohol Converted by 
diazo- reaction into (1,3, 5,4) tn bromo nitro 
benzene 

Tn bromo nitro aniline CaHBr,(NO^)(NH2) 
[1 3 5 4 6]? [215°] From its acetyl denva I 

tive (Remmers, B 7, 351) Flat yellow needles , | 
b 1 sol alcohol This body might be expected to 
be identical with the preceding 

Acetyl derivative C„HBrj(N02)(NELAo) 
[232°] From acetyl (1,8, 5,6) tn bromo anihne 
(B ) Needles 

Di-acetyl derivative CjHBr3(N02)(NAc2) 
Formed by nitratmg di acetyl tn bromo aniline 
Tn- bromo mtro -aniline CaHBr8(NO )(NHJ 
[1 2 8 5 6] [161°] From (1,2,4) bromo mtro 

aniline [151°] and bromine vapour (K ), Lemon- 
yellow needles (from alcohol) Converted by 
diazo reaction mto (1,2, 3,5) tn-bromo mtro- 
benzene [112°] 

BROMO NITRO ANTHRAQTJINONE 

C,4He(N02)(Br)02. [261° uncor ] Prepared by m 
fcrationoftetra bromo anthracene White needles 
Sublimable Sol acetic agid, si sol alcohol, 
ether, and chloroform On reduction it gives 
amido anthraqumone (Claus a Hertel,B 14,980) 
Bromo di mtro-anthraqninono 
0,4HjBr(N 02)20, [218° uncor ] Prepared by 

mtration of tn bromo anthracene with a mixture 
of funung and fummg H2S0^ Yellow 

needles Sol benzene, chloroform, and acetic 
acid, m sol alcohol and ether (Claus a. Diem 
fellner, B 14,1333) 

Di bromo nitro-anthraquinone 
C^4HjBr2(N02)03 [245° uncor] Prepared by 
nitration of tetra bromo anthracene Sublimable. 
Fine yellow needles V sol hot acetic acid, 
less in alcohol and ether On reduction with 
Bodium amalgam it gives amido anthraqumone 
Di-bromo di mtro anthraquinone 
C,<H4Br,(N 02)202. [239° uncor ] Prepared by 
mtration of tetra bromo anthracene with a 
mixture of funung H2SO4 and fuming HNO, 
Needles Sol acetic acid, benzene and chloro- 
form, bL sol alcohol and ether (C a D ) 
Tetra-bromo-di nitro-anthraquinone 
C, 4 H,fN 0 A,Br 402 . [105°] Prepared by mtra 

tion of dioromo anthracene-tetrabromide SoL 
alcohol, ether, benzene, and acetic acid. Not 


Bublunable On reduction it gives (a) diamldo- 
anthraqumoue (Olaus a Hertel, B 14, 981) 
p BROMO-o NITRO-BENZALDOXIM 

oANjO^r te [2 4 1] Oft (NO,) (Br) (OH NOH) 
[163°] Prepared by heating o mtro p diazo 
benz^doxim with HBr (Gabriel a Meyer, B 
14, 827) Fine needles Sol alcohol, ether, 
acetic acid, and hot benzene a 

o BROMO NITRO BENZENE C4H4Br(NO,) 
[1 2] MoL w 202 [41°] (F a M ) , [43°] (K ) 
(261° 1 V ) Formed, together with a much 
larger quantity of the p isomeride, by nitrating 
bromo benzene (Habner a Alsberg, A 156, 316 , 
Z [2] 6, 369, Walker a Zinoke, B 6, 114, 
Fittig a Mager, B 7, 1179) Yellow needles, 
more sol alcohol than the p isomende 

Reactions — 1 SnCl, reduces it to 0 bromo 
aniline — 2 Alcoholic NH, at 190° gives o mtro 
aniline (W a Z ) — 3 HNO, gives bromo di 
nitro-benzene [72°] — 4 RON and alcohol at 
190° gives C^H^Br CN — ^ Heating with KOH ^.q 
gives o bromo phenol 

m Bromo-mtro benzene C«H.Br(N02) [1 3] 
[66°l (257° 1 V ) 

Formation — 1 From m nitro amline by the 
diazo reaction (Griess, T 1864 [3] 712) — 
2 From (1, 3, 4) bromo mtro aniline (Wurster, 
B 6, 1543 , 7 416) — 3 From nitre benzene 
(10 g ), Fe^Clg (1 g ), bromine (13 g ) in sealed 
tubes for 12 hours at 70° (Scheufelen, 4 231, 
165) The yield is 80 p 0 of the theoretical — 
4 By the action of a hot solution of cuprous 
bromide upon m nitro diazo benzene sulphate 
(from m nitramline) (Sandmeyer, B 18, 1495) 
Properties — Yellow trimetrio plates Not 
attacked by KOHAq or alcoholic NHj 

p Bromo mtro benzene C4H4Br(N02) [1 4] 
[126°1 (256° 1 V ) 

Formation — 1 The chief product obtained 
by dissolving bromo benzene in fuming HNO, 
(Couper, A 104, 226) — 2 From p mtro anihne 
by the diazo reaction — 3 From bromo mtro 
aniline [151°] — 4 From bromo benzene p sul 
phonic acid and HNO, (Spiegelberg, A 197, 267) 
6 Formed by the action of precipitated CujO (1 
mol )uponp bromo diazo benzene nitrite (1 mol ) 
obtained by adding slowly a solution of 15 g of 
NaNO, in 60 c c of water to a mixture of 17 g of 
p-bromo anihne, 20 g HNO, (1 4), and 50 0 o of 
water The yield is small (Sandmeyer, B 20,1496) 
Properties — Long white needles, si sol 
HOEt 

Reactions, — 1 Resembles o mtro anihne in 
reactions 1 and 2 — 2 Aloohoho KCN at 190° 
gives m bromo benzonitrile (Richter, B 4, 462) 

8 Br at 260° gives p di , it-tn-, and s tetra- 
bromo benzenes (Ador a Rilhet, J 1876, 870) 
Bromo di mtro benzene C*H,Br(N(y2 [1 3 ^3 
[69°] Fromm bromo nitro benzene, HNO, and 
H2S04(K6mer, J 1876,832) Monoolimo plates 
from ether alcohol) Aloohoho NH, at 180° 
onus 04Ey3r(NO,)(NH,) [1 4 3] [161°] Boiling 
NaOHAq (8 G 1186) gives CeH,Br(NOJ(OH) 
[1 4 3] and ahttle 04H,Br(NO,)(OH) [1 3 4] (Latt- 
benheimer, B 11, 1159) 

Bronio-di-iiitro-baiiseii6 0,H,Br(N02), [1 2 4]. 
[72°] Prom bromo benzene, fuming HNO,, and 
H,S04 in the cold (Keknld, A 187, 167 , Spiegel- 
berg, A 197, 257) Large yellow pnsms Aloo 
hollo NH, forms di mtro aniline. KOELAq forms 
di mtro phenol [114°] Sn and HOI gives m 
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lienylene diftmine (Zmokea Smteius,B 5,791) 
Iry^tallises with benzene as (0,H^r(N0 Jg)aCaHg 

Bromo-dl nltro benzena 0aH,Br(N0,)2. [87°] 
h-bromo di nitro benzene [168°] is treated with 
loohoho NH, at 100° and m the resulting 
laH,Br(N 02 ) 2 {NH 2 ) hydrogen is substituted for 
fHg by the (hazo reaction (Austen, B 8, 1183) 
[ot afleoted by alcoholic NH, 

Di bromo xutro benzene CaH3Br2(N02) [1 2 4] 
lol w 281 [69°] From o di bromo benzene 

nd HNO, (Biese, A 164, 179) Monoclinic 
ibles (Groth a Bodewig, B 7, 1563) May be 
Bduced to di bromo aniline [80°] 

Di-bromo-nitro benzene CaH3Bro(N02) [1 8 4j 
52°] Formed by nitrating m di bromo benz 
ne (Meyer a Stuber, A 165, 176) Tricimic 
nsms (6y sublimation, G a B ) , volatile with 
team Converted by alcoholic NHj, at 190° 
ito (1,4,3) bromo nitro aniline Reduction 
ives (1,3,4) di bromo anfline Alcoholic KCN 
t 250° gives the nitnle of di bromo benzoic 
Old [209°] (R) 

Di bromo nitro benzene C3H3Br2(N02) [1 3 2] 
53°] Separates from the alcoholic mother 
quors from which the preceding has crystal 
aed Pnsms or laminro Alcoholic NH, at 
90° gives nitro m phenylene diamine (Kdrner, 
f 4, 360) 

DI bromo nitro benzene CgHgBr (NOg) [1 4 5] 
J5°] •From p di nitro benzene by nitration 
ctiche a B6rard, A 133, 51) From m bromo 
itro benzene (14 g), Br^ (11 2 g), and FegCl,, 
1 g ) at 80° for 12 hours (Scheufelen, A 231, 
69) Yellowish green tablets (from ether- 
loohol) Alcoholic NH, at 210° gives (1,3,4) 
romo nitro aniline Sn and HCl gives p di 
romo aniline [61°] Alcoholic KCN gives the 
itnle of di bromo benzoic acid [162°] 

Di bromo nitro benzene CaH3Br2(N02) [1 3 6] 
L05°] From (1?6,3,6) or (1,5 3,2) di bromo- 
itro anihnebydiazo reaction (KOrner) Prisms 
r tablets (from ether) May be reduced to di 
romo anihne [67°] 

Di bromo di nitro benzene C3H2Br2(N02)2. 
L17°] Formed 1^ nitrating m*di bromo 
enzene (Korner) Greenish yellow needles, 
olatile with steam Heatmg with KOHAq 
ives bromo di mtro phenol [92°] 

Di bromo di nitro benzene C8H2Br2(N02)2. 
58°] Formed by nitrating o di bromo benzene 
\.usten,J? 8,1182) Prisms (from HOAc) Bydis- 
lacement of Br by NH^ and H successively it may 
e converted mto bromo di nitro benzene [87°] 
Di bromo di nitro benzene C^H2Br2(N02)j. 
L20°] Formed in small quantities in the pre- 
aration of the preceding body (A ) 

Di bromo di nitro benzene C3H2Br2(N02)2 
L69°] Formed by mtratmgi? di bromo benzene 
kusten, B 9, 621) Small needles Alcoholic 
[H, forms di bromo nitro aniline [76°] 

Di bromo-di nitro benzene 
;H 2 Br,(NOg), [14 2 6] [100°] Formed m 

reparmg the preceding (A ) Alcoholic NH, 
onverts it mto bromo-^ mtro aniline [160°] 

Tri - Inromo - nitro benzene C,H 2 Br,(N 03 ) 
L 8 4 6] Mol w 860 [94°] Formed by m- 

‘ating w-tn bromo - benzene (Mayer, A 137, 
26) Pale yellowish green needles (from aloo 
ol) Alcoholic NH, gives bromo mtro p- 
henylene diamina. 


Tri-bromo nitro benzene 

C,H 2 Br,(NO,) [1 2 8 6] [112°] Prom (1,5, 8,6) 

di bromo mtro -anihne [203°] by displacing 
NH, by Br, or from (1,2,8, 6, 4) tri-bromo nitro- 
aniline by displacing NH, by H (Kdrner) Tn- 
clinic crystals , a 6 1 005 1 4823 (La Valle, 

O 10, 1) Reduction gives tn bromo-amiine 
Alcoholic NH, gives di bromo mtro amlme[203°] 
Tri bromo mtro benzene 
0eH2Br3(N02) [1 2 4 6] [120°] From (2,4, 6,1) 

di bromo mtro aniline by diazo reaction (Kor- 
ner) Needles (from HOAc) Alcohoho NJ3, 
gives the parent di bromo mtro anihne 
Tri bromo nitro benzene 
C.HgBra^NOg) [1 3 5 2] [125°] (177°) at 11 mm 
Prepared by nitration of s tn bromo benzene 
withHNO,(15) (Wurstera Beran,jB 12,1821, 
c/ C L Jackson, B 8, 1172) Formed also by 
diazo reaction from (1,3, 5, 2, 4) tn bromo mtro 
aniline (Korner, O 4, 422) Monochnic prisms 
a b c- 6518 1 8695 , tj = 99°46' (Panebianco, G 
9, 354) Tin and HCl reduce it to ordinary trl- 
bromo aniline Alcoholic NH, at 170° gives 
(1,4,3, 5) bromo mtro phenylene diamme 
Tn bromo nitro benzene 
C,HgBr3(N02) [1 3 4 2] [above 187°] Formed 
in small quantity in preparmg the isomeride 
[94°] Sublimes at 187° 

Tn bromo di nitro benzene 
C«HBr 3 (NO )j [1 2 4 3 5 *> ] [136°] Formed by 

nitrating the preceding body (Mayer) Triolimo 
crystals , ah c - 455 1 467 (Panebianco, O 9, 
355) Alcoholic NH, gives bromo-di mtro- 
phenylene diamine 

Tn bromo di mtro benzene 
C 3 HBr,(NOg), [1 3 5 2 6] [192°] Glistening 

needles Prepared by nitration of s tn bromo 
benzene with HNO, and HgS 04 (Wurster a 
Beran, B 12, 1821) 

Tetra bromo mtro benzene 
C^r 4 (NOg) [1 3 4 5 6] [96° after several fu 

sions] Slender needles, [60°] (from alcohol) From 
u tetra bromo benzene by nitration Formed 
also by heatmg C^(N0g)Br4803H with HCl (V v 
Richter, B 8, 1427 , Langfurth, A 191, 202) 
Fenta bromo rntr^^benzene OaBr 5 (NOg) 
[228°] From u tetra bromo benzene and 
fummg HNO, (R) Monoclmio pnsms (from 
benzene) 

BROMO - NITRO - BENZENE 8DLFH0NI0 
ACID C^,Br(NOg)(S03H) [1 4 2] [180°-135°] 

From bromo benzene o sulphomc acid and oonc 
HNO, (Bahlmann, A 186, 316) Fromp bromo- 
mtro benzene and fummg H^SO, (Augustm a. 
Post, B 8, 1559) Fiat yellow columns, v e 
sol water Reduction gives amido benzene m- 
Bulphomc acid , exchange of NO, for Br gives 
p di bromo benzene sulphomc acid — AgA' — 
BaA', 6aq S (of BaA',) 5 3 at 16° — CaA', 4aq 
— CaA^gG^aq (A a P ) — KA' — NaA'— NH^A' 
PbA'gSaq — ZnA", 7aq 

C/iiorideC,H,Br(NOg)(SOg01) [02°],tables. 
Amide C,H,Br(NOg)(SOgNH,) [206°] 
Bromo nitro benzene snlphonio acid 
C,H,Br(NOg)(SO,H) [16 2]? Formed in small 
quantity in prepanng the above by mtratmg 
bromo benzene o sulphonio aoid (B ) — BaAV 
S 166 at 8° — KA' 

ChlortdeC ,H,Br (NO,) (SOgCl) [97°], taWeiL 
Amide C,H,Br(NO,)(30,N]^ 
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Bromo-nitro'benzene-fxdplioiiio aeid 
CABr(N08)(S0,H) [1 3 6] Formed by heating 
nitro-diazo benzene sulphonio aoid (1 3 6) with 
ECBr (Limpnoht, B 18, 2186) 

Chloride [76°], large yellow tables 
Amide [166°], small white tables 
Bromo-nitro-benzeiie gnlphonio acid 
C*H^r(N02)(S0,H) [1 4 3] Formed by nitra 
ting bromo benzene m sulphonio acid (Bemdsen, 
A 177, 96 , Thomas, A 186, 124) Keduced to 
ami do benzene o sulphonio acid Exchange of 
NO, for Br gives p di bromo benzene sulphonio 
acid — AgA' l^aq — BaA', 3aq S 2 4 at 7^ — 

CaA',6aq— KA — NH,A' — PbA', 3aq 

Chloride 0«H,Br(N02) (80,01) [83°] 

Amide 0 ,H,Br(N 02 )(S 02 NH,) [170°] 

Bromo xdtro benzene sulphonio aci4 
C„H^r(N 0 ,)(S 03 H) [1 2 4] Formed by mtra 
tmg bromo benzene p sulphonic acid (Goshch, 
A 180, 93, Limpricht, B 8, 456) Formed 
also by sulphonating o bromo nitro benzene 
(A a P , Andrews, B 13, 2127) Reduction 
by HI at 120° gives amido benzene m sulphonio 
acid— BaA'^aq 8 (of BaA'^) 1 71 at 16° (A ) 

-BaA'jliaq 8 (of BaA',) 146 at 9°(G) — 
CaA'j2aq (A a P)— CaA '2 2]aq 8 (of CaA'j) 
4 71 at 9° (G ) — CuA'j 9|aq — KA' 8 1 02 at 
9° (Q ) — NH,A' 8 5 96 at 9° —PbA'* 2aq - 
Zn A e 2aq 

Chloride C,H,Br(N0,) (S0,C1) [40°-50°] 

(A), [67°] (G) 

AwideCaH3Br(N02)(S02NH2) [177°], plates 
Bromo nitro benzene di sulphonic acid 
C^H2Br(N02)(S0,H)2. From nitro benzene m 
sulphonic acid ind di nitro benzene di sulphonic 
acid and amido-nitro benzene disulphonic acid 
(Ijimpncht, B 8, 289) Trimetnc tables (con 
taming aq) 

Bi bromoonitro benzene sulphonic acid 
C.H^r,(N02)(80,H) [1 2 4 6] From o di- 
bromo benzene sulphomc acid and fuming 
HNO, (Goshch, A 186, 152) Reduction gives 
di bromo-aniline sulphonic acid — BaA', 3aq 
8 9 at 7° — CaA'r. 4aq — CaA'j 6aq — KA' — 

NH A' — PbA', 3aq 8 8 at 11° 

Chloride C3H2Br2(N<5‘,)S02Cl [99°] 

Amide C,H2Br2(N02)802NH2 [211°] 

Bi bromo nitro benzene sulphonio acid 
C,H,Brj(N02)(S0,H) [1 4 3? 6] From (1,4,6)- 
di-bromo benzene sulphonic acid and HNO, 
(Boms, A 187, 868, Hubner a Williams, A 
167, 121) Hygroscopic pnsms which blacken 
at 100° — BaA's aq — BaA * liaq — BaA * 2^aq — 
BaA'. 6aq —BaA'* 9aq — CaA^ 8aq — CuA'^ aq — 
KA'aq — KA' 2^aq — NH^A' ^aq — PbA'^ 2aq — 
PbA'.Saq 8 10 3 at 10° 

Chloride CeH2Br2(N02)(802Cl) Oil (?) 
Amide C,H2Br2(N03)(803NH2) [178°] 

Bi-bromo nitro benzene sulphonic acid 
C,W5rf(N0,)(80,H) [13 4 6] From a di - 
bromo benzene sulphomc acid and HNO, (Lenz, 
A 181, 82) Tablets (containing «aq) , not 
hygroscopic By exchangmg NO, for Br it is 
converted mto (1,3, 4, 6) tn bromo benzene sul- 
pbonic acid — BaA', l^aq 8 73 at 20° — 

BaA' 4aq — CaA'^ 3aq —KA'aq 8 1 09 at 20° 
-~NH A' — PbA'j 6aq 8 120 at 20° 

Chloride C^H^Br^fNOjrSO.Cl) [121°] 


Amide C.HJBr,(N6j(S0,NH2) 
at 300°. 


Blackens 


Bi-bromo-nitro benzene sulphonio acid 
C<,H3r2(N0j)S03H[l 3 4 6] [above 200°] Formed 
by mtrating OflH,BrjSO,H [1 8 4] (Bassmann, A 
191, 286) Deliquescent needles or pnsms [con 
taimng aaq) — KA' 8 1 4 at 21 6° — BaA , aq 
8 (of BaA',) 1 06 at 24° — CaA',6aq — PbA',4aq 
Chloride C«H,(NO,)Br,SO,Cl [116 6°] 
Amide C„HiNO,)Br,SO,NH2 Minute 
tablets Not melted at 240° 

Tri-bromo nitro benzene sulphonic acid 
C,HBr,(NO,)SO,H2aq [1 3 5 2 6] [c 100°] 
Formed by mtratmg C^HgBrgSOjH (Langfurth, 
A 191, 196 , Reinke, A 186, 282 , Bassmann, 
A 191, 216) Hygroscopic, monoclinic prisms 
Cone HCl at 180° gives H SO4 and 
C„H,Br,(NOJ [125°] — KA' 8 76 at 6° (B ) , 

133 at 11° (L)— BaA',aq 8 (of BqA',) 207 
at 1 5° (B ) , 331 at 15° (L ) BaA', l^aq — 
CaA',2aq— PbA',9aq 8 (of PbA'„) 63 at 7° 

(B ) , 93 at 10° (L ) — RbA', l^aq — PbA'jPbO 7aq 
— PbA';PbO 6aq — NH>' 

Chloride C„HBr,(NO,)SO Cl [145°] 
Amide CgHBr,(N0,)S02NH, 

Tn bromo mtro benzene sulphonio acid 
C„HBr,(NO,)(SO,H) [1 2 3 4 5] From (1,2, 3, 5) 
tn bromo benzene sulphonic acid by nitration 
(Limpricht a Lenz, B 8, 1072, 1432 , A 181, 
41) LamineB — B^'2 4aq, 8 074 at 18° — 

CaA' 3aq 8 1 Oo at 20° — KA' aq 8 16 
at 18°— NH^A'aq— PbA',aq 8 14 at 20° 
Chloriae C,HBr, (NO,) (80,01) [116°] 

Amide C3HBr,(NO,)(BO,NH,) [202°] 

Tn bromo mtro benzene sulphonic acid 
C«HBr,(NO,)(SO,H) [1 3 4 2 6] [125°] or, anliy- 
drouB, [141""] From (1,2, 4, 5) tn bromo benz 
ene sulphomc acid and HNO, (Spiegelberg, A 
197, 284) columns (containing 8aq) — AgA'aq 
S (of AgA') 45 at 7° BaA', 3aq 8 (of BaA'J 
069 at 9° — CaA,4iaq 8 (of CaA',) 195 at 
8°-KA' 8 119at8°— NHA' 8 1 68 at 6 6° 
— PbA', Gaq 8 (of PbA',) 863 at 7° 

Chloride C8HBr,(NO,)(SO,Cl) [143°] 
Amide C,HBr,(NO,)(SO,NiLJ Blackens 
at 250° 

Tn bromo di mtro benzene sulphonio acid 

C«Br,(NO,),SO,H [1 3 5 2 I 6] [216°] From 

C„H,Br,80,H and cone HNO, at 100° (Bass 
mann, A 191, 239) Colourless columns (con 
taming 3aq) Not hygroscopic, but v sol 
water, sol alcohol - With water at 230° it gives 
CrtHBr,(NO,)2 and HSO4 Reduced by Sn and 
HCl to C,H;Br(NH,),SO,H — NH^A'aq —KA'aq 
S (of KA') 48 at 24^^ -BaA', 9aq S (of BaA',) 
83 at 21° — CaA', 7iaq — PbA', 9aq 8 (ofPbA'J 
1 02 at 19 6° 

Chloride C,Br,(NO,),SO,Cl [203°] 
Amide C,Br,(NO,),80,NH, [260°] 

Tetra bromo mtro-beniene snlphonie aoid 
C,Br4(NO,)SO,H [1 2 3 6 4 6] Got by mtratmg 
C^HBr^SOgH Crusts of needles (contaimng 4aq) 
V sol alcohol and water (Beckurts, A 181, 220 , 
Langfurth, A 191, 202) With oonc HCl at 
200° it gives 0,HBr4(N02) and H,804 — KA'l^aq 
8 (of KA') 67 at 10 6° — BaA',9aq 8 (of BoA',) 
36 at 11^ (B ) , 100 at 14 6° (L ) — NH^A' aq 
8 (of NHA') 1 01 at 11° ->CaA^, 8aq S (of 
Caiy 16 at 6°— PbA',9aq S (of PbA',) 06 
at 6° 

OhZoridaC,Br4(NO,)SO,Cl [147 6°]. tablets. 
Amide crystalline powder 
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Tetra*bromo nitro bensene sulpbonio acid 

0aBr4m03)S0^ [12 3 4 6 6] [173°] From c- 

tetra bromo beuzene Bulphonio acid and HNO, 
(Spiegelberg, A 197, 297) Slender needles (con 
tammgaq) — BaA'j4aq S (of BaA'*) 22 at 12° — 
BaA'j 9aq — CaA'^ aq S (of CaA'^) 2 8 at 13° — 
KA'aq S (of KA') 17 at 11° — NH^A' S 46 
at 11° — PbA'j2aq 8 042 at 11° 

Chloride C^r,(N03)(S0,Cl) [173°], prisms 
Amide 0^r4(N02)(S0,NH2) Blackens at 
2C0° 

BBOMO NITBO BEBZOIC ACID 

0„H3Br(N0,)C02H [14 3] [141°] Formed, 

together with the isomende [250°] by nitrating 
m bromo benzoic acid (Hubner a Ohly, Z [2] 
1, 647, 2, 241, A 143, 230, 222, 102) 
Monoclinio pnsms — NaA' 3aq — NaA' 2^aq — 
KA'2aqf — BaA2 4aq — CaA'2 2aq — MgA'2 4aq — 
PbAV — CuAV - AgA 

Ethyl ether^tAJ [55°], monochnic prisms 
Bromo nitro benzoic icid C«HgBr(N02)C02H 
[1 3 6] [161°] S 067 at 11° Formed from 

CaH,(NH^)(N02)C02H, glacial acetic acid, HBr 
(SGI 49), and nitrous acid gas (Hesemann a 
KShler, A 222, 166) Long needles (from water, 
benzene, ether, or CSj), whetstone shaped 
crystals (from glacial acetic acid) or thin six- 
sided plates (from alcohol) — KA' 4aq — 
BaA'j 6^aq — CaA'j aq — MgA'j aq — ZnA , 4 ^aq 
— CdA'2 4iaq — SrA'j —AgA' — PbA'j 

Bromo nitro benzoic acid C«H,Br(NO )C02H 
[1 3 6] [164°] Formed by oxidation of 

CflH5Br(N03)Me by dilute HNO, (Scheufelen, A 
231, 173) V sol ether and dilute alcohol SI 
sol water Reduced by Sn and HCl to m bromo 
aniline, COj going off — AgA' 

Bromo nitro benzoic acid C«H^r(N02)(C02H) 
[1 4 6] [180°] From C,H,MeBr(N02) [1 2 5] and 
dilute HNO, (Scheufelen, A 231, 181) or by 
nitrating o bromo benzoic acid (Burghard, B 8, 
660) Almost inzol cold water, si sol hot water, 
V sol ether and dilute alcohol Alcoholic NH, 
at 180° gives p nitro aniline and (1, 4, 6) amido 
nitro benzoic acid — BaA'j o^aq 

Ethyl ether EtA' [66°] , needles 
Bromo nitro benzoic acid 
C«HsBr(N02)C02H*[l 2 4] [199°] Formed by 
nitration of p bromo benzoic acid [248°] (Hub 
ner, A 143, 248 , RaveiU, A 222, 177) and by 
oxidation of the corresponding bromo nitro 
toluene (Scheufelen, A 2S1, 183) Long needles 
(from water) or plates (from dilute alcohol) , v 
sol ether, si sol water Reduction gives m 
amido benzoic acid 

Salts —AgA' — BaA'j 4aq — MgA'j 6aq 
Ethyl ether TLik! [74°] , prisms 
Bromo nitro benzoic acid 
C,H,Br(N03)C02H [12 3] [260°] From m 

bromo benzoic acid by nitration Sepaiated 
from its isomende [141°] by being less soluble in 
water (Hubner, A 143,234, A 222,101) Mono 
olimc octahedra (from ether) — NaA'aq — 
BaA'a 4aq — MgA', 6aq 

Ethyl ether EtA' [80°] , prisms 
Di bromo-nitro benzoic acid 
C,^r2(N02)C02H [3 4 2or6 1] [162°] 

From di bromo benzoic acid [230°] by nitration 
(E F Smith, A 222, 188) Colourless needles , 
redaction gives anthranihc acid 

S aits — PbA'a —NaA' Saq — KA' — BaA',aq 
-CaA'jSJaq — MgA',. 


Di-bromo-nitro bensoia acid 

C,H2BrJN03)(C05^) [162°] Formed by nitra- 
ting the (u bromo benzoic acid [223°-227°] 
obtained by brommating benzoic acid (Anger- 
stem, A 168, 13) Needles (from water) Re- 
duction gives di bromo-amido-benzoio acid 
[196^] and then anthranihc acid — NaA'Saq — 
BaA'o 2aq This acid is perhaps identical with 
the preceding 

Di-bromo nitro benzoic acid 

C,H3Br2(N02)CO H [3 6 2 1] [233°] Formed by 
nitration of CgH^Br^CO^H (Hesemann a Kohler, 
A 222, 178) Long colourless needles , may be 
sublimed — BaA'jdaq — CaA', — AgA' — KA' 
BBOMO NITBO o BENZYL-PHENOL 
CjjHj^rNOj. [105°-110°] From potassium 
nitro o benzyl phenol sulphonic acid and Br 
(Rennie, C J 49, 410) Yellow scales (from 
alcohol) — KA' 

Bromo nitro p benzyl phenol 
Ph CH^ C«H2Br(N02)OH [1 3 5 4] [65°] 

Formation — 1 From potassic bromo benzyl 
phenol Bulphonate and dilute HNO, (1 1) 
(Bennie, C J 41,223) — 2 From potassic nuro- 
benzyl phenol sulphonate, CjH^Oj, and Br — 

3 From nitro benzyl phenol, CgH^Oj, and Br — 

4 From benzyl phenol by first brommating 
and then nitratmg 

Properties —Crystalline scales (from alcohol) 
— KA' Red scales HNOj oxidises it to bromo- 
di nitro phenol, C«H2Br(N02)20H[l 2 3 6] [118°] 
BBOMO NITBO BUTANE C.H^BrNO, % e 
C,Hj CHBr(NO^) (181° cor ) From nitro 
butane, potash, and Br (Zublin, B 10, 2085) 
The three following compounds are prepared m 
a similar way (Z ) 

Di bromo nitro butane C,H7CBr3(N02) (204° 
cor ) 

Bromo-di nitro butane C,H7CBr(NO,)j, Not 
volatile 

Bromo di nitro iso butane 
(CH,),CH CBr(N02)2 [38°] Solid resembling 

camphor Volatile with steam Readily decom- 
posed by alkalis forming dinitro isobutane 
BBOMO m NITBO CINNAMIC ACID 
[3 1]C,H,(N02)C2HBrC02H [212°] Formed by 
heating the dibronNde of m nitro benzylidene- 
malonic acid (Stuart, C I 4,9 ^ 361) 

Bromo p nitro cinnamic acid 
[4 1]C«H,(N02) CgHBr CO^ [146°] V sol alco- 
hol, ether, chloroform SI sol hot CS,. More 
sol m cold water than its isomende [205°] 

Salt — BaA'2 Boiled with water gives mtro- 
phcnyl acetylene, CO2 and BaBr^ 

Ethyl ether EtA' [63°] Prisms From 
C„H,(N02)CHBr CHBr C02Etand alcohohoKOH 
(C L Muller, A 212, 131) 

Bromo p nitro omnamic acid 
[4 1] C,H,(N02) O^HBr CO^H [205°] Slender 
silky needles (from water) SI sol cold water, 
insol cold CS2 V sol alcohol, ether, chloro- 
form, or benzolme 

Salt — BaA'j. Decomposed by boilmg mto 
mtro phenyl acetylene, CO, and BaBr, 

Ethyl ef her EtA' [93°] Needles From 
di exo bromo p nitro phenyl propiomo ether by 
alcoholic KOH (C L Miiller, A 212, 131) 
Di-bromo p ^tro oinnamio acid 
[4 1] CaH.CNO^) CBr CBr CO,H. [c 180°] From 
j7-mtro phenyl propiohc acid and Br (Drewaon, 
A 212, 167). 
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Ethyl ether Mk' V sol benzene, 

chloroform or glacial HOAo, si sol benzoline 
BBOMO-KITBO-CINNAMIC ALDEHYDE 

CH CBr CHO [97®] Long yellowish 
needles Formed together with the isomende 
[186®] by nitration of a bromo-oinnamio alde- 
nyde 

Phenyl hydraetde [134®] Large yellow 
plates (Zincke a Hagen, B 11, 1816) 
Bromo-nitrO'Oinnanuo aldehyde 
C^,(N02) CH CBr CHO [136°] Yellowish 
neeies Formed as above 

Phenyl hydraetde [164°], red crystal 
line solid, si sol alcohol (Z a H ) 
DLBBOHO-NITEO-o-CBESOL 
C^(CH,)(NOj)(Br),(OH) [1 4 rr 2] [92°] 

Formed by bromination of nitro o-cresol 
C,H,(CH,)(N02)(0H) [1 4 2] Yellowish needles 
V sol alcohol and ether, nearly msol water 
(N6lting a Colhn, B 17, 270) 
Di-bromo-nitro-jp-cresol 

C,HMe(NO,)(OH)Br, [12 4’?] [83°] From 

aqueous nitro cresol, [78®], and bromine water 
Long yellow needles (from alcohol) Insol cold 
water, v si sol hot water, v sol alcohol or 
ether (E Knecht, A 215, 89 , B 15, 1071) 
Salts — C,HMe(NOo)(ONa)Br 2 2iaq Bed 
needles (from alcohol) — C HMe(N 02 )(OK)Br 2 aq 
DI-BROMO-KITBO>CnM£NE 


C,H,CHBrCBr(N 02 ) CH, Bt bromo-nttro- 
phenyl propylene [77®-78 6°] From 
Ph CH C(NO J CH, and Br (Pnebs, A 225, 362) 
Colourless pnsms ^from light petroleum) Not 
decomposed even by hot aqueous NaOH, thus 
didfcnng markedly from the corresponding di 
bromo mtro ethyl benzene 
Bromo-nitro-V' oamene 

CeHMe;3r(NOj) [1 2 4 5 x] [192°] Formed by 
nitration of bromo pseudo cumene [73°] by 
fuming HNO, Needles Sol benzene, si soL 
alcohol (Kelbe a Pathe, B 19, 1648) 

Bromo di>iutro ip cumene 
CaMe,Br(N02)2 [1 2 4 3 5 6] [181°] Formed by 
nitration of bromo pseudo cumene [1 2 4 3] 
Long yellowish needles SI sol hot alcohol, 
nearly msol cold (Kelbe a Pathe, B 19, 1661) 
Bromo-di-mtr o-4'-o umenb 
C,Me,Br(N02)2 [1 2 4 6 3 6] [214°] Formed by 
nitration of bromo pseudo cumene [73°] with 
fuming ECNO, and cone HjSO^ Microscopic 
tables Sol benzene, si sol hot alcohol, nearly 
msol cold alcohol (Fittig, A 147, 14 , Kelbe a 
Pathe, B 19, 1648) 

BEOKO NITBO-wo CITMENOL C^.JBrNO, 
ue CA(C.H,)Br(N02)(0H) [1 5 3 2] Bromo 
mtro isopropyl phenol [33°] From bromo iso 
propyl phenol and HNO, ^ileti, O 16, 123) 
Pale yellow needles (from dilute HOAc) 

Bromo mtro iio cumenol 


C,H^Br(NO2)(0H)[l 3 6 2] [88°] From mtro- 
isopropyl phenol and Br (F) Nacreous tables 
(from dilute alcohol) , volatile with steam 

BBOHO-KITEO-CUHTL-PBOFIONIC ACID 
Cj^i^BrNO. tfi 

0A(C,H,)(N02) CHBr CH2.C0,H [127°] 
Prom o-nitro-eso propyl cinnamic acid and HBr 
(Einhom a. Hess, B 17, 2020) 

Di-bromo>]iitro-cumyl propiomo acid 
C;B[,(CA)(N0,) CHBr CHBr 00^ [171°] 

From o-mtro-«so>propyl-oinnamic amd and Br 
(Widman, B 19, 260) 


Di bromo-nitro eumyl propiouio aold [184°]. 
From m-mtro-eso propyl omnamio acid and Br 
(Widman, B 19, 418) 

BBOMO-NITBO-CYMENE O.^.^BrNO, i a 
C,H 2 Me(C,H,)Br(NO,) [1 4 8 x] Formed by 
nitrating the bromo cymene derived from 
thymol (Mazzara, Q 16, 193) Oil, volatile 
with steam 

Bromo-di-nitro-oymene 

C«HMePrBr(N02)3 [14 2?? ?] [98°] Formed 

by nitrating bromo cymene (229°) Monoolinio 
prisms (Gerichten, B 11, 1092) May be iden- 
tical with the following 
Bromo-di-nitro-C3rmene 

C;EMePrBr(NO ,)2 [14 3??] [94°] Formed 

by nitrating the bromo cymene derived from 
thymol (M ) Slender yellow needles 
Bromo-nitro-isocymene 

C,H2(C,H,)(CH,)(Br){N02) [4 2 1?] j:i21°] 

Long red needles prepared by nitration of 
(1 2 4) bromo isocymen^ (Kelbe, B 15, 40) 
Bromo-nitro-w isocymene (?) C,oHj2(N02)Br 
[83°] From di bromo m isocymene by mira- 
tion (Kelbe a Czarnomski, A 236, 284) 
Bromo-di-nitro-isocymene 
C«H(C,H,)(CH,)(N02)2(Br) [65°] Short thick 

needles. Prepared hy nitration of (^) bromo 
isocymene (Kelbe, B 16, 42) 

UBOMO NITEO ETHANE CjH^BrNO, t e. 
CH, CHBr{N02) (147°) Formed by dissolv 
ing nitro ethane {qv) in aqueous caustic* potash 
and adding bromine CH, CHK{N02) + Br,-» 
CH, CHBr(N02) + KBr (Meyer a W urster, B 6, 
94, Tscherniak, B 7,916, A 180, 126) -Pun 
gent oil Forms unstable salts 

Bromo di mtro ethane CH, CBr(N02)2 From 
Br and potassium dinitroethane (Ter Meer, A 
181, 15) — Oil, volatile with steam , decomposed 
by KjCO, which forms CH, CK(N02)2. 

Di bromo tetra mtro ethane 
CBr(N02)2 CBr(N02)2. From ^hylene bromide 
and fuming HNO„ or from C (NO ),K 2 and Br 
Unstable liquid , forms with potash a compound 
C 2 Br 2 (NO ),2KOH, m sol hot water, which ex 
plodes at about 180° Ammonium sulphide con 
verts it into C2K2(N02)4 SOj forms NH„ HBr, 
and HCN Aqueous KvSOj^orms yellow crys 
tals C2(N02)4K23K2S0* (Villiers, 0 B, 94, 1122, 
98, 431) 

Di bromo nitro ethane CH, CBr2(N02) 
(166°) Formed by adding potash to a mixture 
of mtro ethane (q v) and the calculated quan- 
tity of bromine (V Meyer, B 7, 1813) Indif- 
ferent Oil, msol KHO 

BBOMO - NITEO - BTHEKYL - NAPHTHYL- 
ENE-DIAMINE 

C,.H^r(NOJ<^2^CCH, [4 ® f] [242°]. 
Formed by nitration of ethenyl (4 2 X) bromo- 
naphthylene diamine (Prager, B 18, 2162) 
Yellow needles si sol alcohol, v sol HNO|Aq 
wa DI BBOHO o NITBO ETHYL BENZENE 
C,H^r 2 NO, le [2 1] C,H,(N02) CHBr CHJBr 
o mtro styrene dibromtde [62°] From o-mtro* 
styrene and Br (Emhorn, B 16, 2218) 
ua Di-bromo-tn-nitro ethyl benzene 
[8 1] C,H«(N02) CHBr CH 2 Br [79°] From m- 
nitro styrene and Br (Prausmtz, B 17, 698) 
wo-Di-bromo^nltro etbyl-beniene 
[4 1] C,H4(N0,) CHBr CH^r [78°] From JN 
nitro-styrene and Br (Basler, B, 16, 8006) 
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«M-])i-bromo »-nitro ethyUbenione 

O^Hj OHBr OHBrNOj [86®] From « - mtro 
phenyl ethylene and Br (Erdmann, B 17, 414) 
Also from » mtro ethyl benzene and Br (Priebs, 
A 226, 841) Monoolinio crystals, a b C’^ 
1 267 1 1 396 , L » 83^ 64' Cold aqueous NaOH 
gives bromo nitro styrene 

taa Di bromo a>o di mtro ethyl benzene 
[2 1] CHBr CHBrNO^ [91°] From 

wo-di mtro phenyl ethylene and Br (Pnebs, A 
226, 352J White needles, v si sol ligroin 
(na Di bromo o»p di mtro ethyl benzene 
[4 1] 0,H,(N02) CHBr CHBrNO, [103®] From 
»p-di mtro phenyl-ethylene and Br (P ) Plates 
DI-BEOMO KITEO ETHYLENE 
0,iHBr2(N02) [112®] Prom sodium tn mtro 

resorcin CgH(NO )3(OH){ONa) in aqueous solu 
tiom anti bromine vapour (Merz a Zetter, B 12, 
20^) Prisms (from CHCI3) , does not combine 
with Br Zn and HCl give ethylamine 
DI BEOMO-DI NITEty FLUOEESCEtN 
0^HaBr2(N02)20a From di bromo fluorescein 
and HNOa, or from di mtro fluorescem and Br 
Yellow needles , is not fluorescent 

Acetyl derivative [256®] (Baeyer, A 
183, 61) 

BROMO NIIBOFOEM v Bbomo tbi NrXBO 

MBTHANE 

BEOMO NITEO HYDEOCINNAMIC ACID v 

BaoMogJirao pheitvl pbopionic acid 

BEOMO NITEO-MESITYLENE C^H.oBrNO^ 
% e 0«HBrMe,(N0J [54®] Formed by nitrating 
bromo mesitylene (Fittig a Storer, A 147, 7) 
Bromo di mtro mesitylene C BrMe3(N02)2 
[194®] From di bromo mesitylene by fuming 
HNO, Needles (Sdssenguth, A 215, 248) 
BEOMO-NITEO METHANE CH,Br(N02) 
(144®) Formed by the action of bromine on 
sodium mtro methane (Tscherniak, B 7,916, 
A 180, 128 V Nitro methane) Pungent oil 
The bromine and mtroxyl render its hydrogen 
displaceable by sodium it is a strong acid 
Bromo di mtro methane CHBr[NO,)2 From 
di bromo di mtro methane and alcoholic KOH 
(Villiers, Bl [2] 37, 452, Losamtsch, B 16, 
61) , or from (a) d>-bromo camphor and cone 
HNO, (Kaohler a Spitzer, M 4, 558) Oil 
Salt — CKBr(N02)^ SG 125, triclimc 
crystals which explode at about 147® Beduc 
tion by sodium amalgam gives HCN, HBr, and 
NH, (Vilhers, Bl [2J 41, 282) Ammonium 
sulphide gives di mtro methane 

Bromo-tn-mtro-methane CBr(N02), Bromo 
nitro form [about 12°] S G 2 8 From 

nitroform and Br m sunlight , or from mercuric 
nitroform and Br (Schischkoff, A 119, 247) 
Decomposes at 140®, but volatile with steam 
Di-bromo-xiitro>methane CHBr^(NO ) 

(165°- 160°) Formed by adding bromme to 
potassic bromo mtro methane 

CHKBr(NO ) + Br^- CHBr, (NO ) + KBr 
Bromopionn, insoluble in potash, is formed at 
the same time (Tscherniak, A 180, 130) Very 
pungent oil, volatile with steam, soluble m 
oaustio soda 

Di-bromo-di-nitro-inethane OBr2(NOj5 
[0 0°] Formed by the action of cone HNO, 
on tn-bromo-anilme, ethylene bromide, bromo 
henol, or di-bromo p toluidine (Losamtsch, B 
6, 472 , ViUiers, Bl [2] 87, 452) Greenish 


yellow, pungent oil, volatile with steam Alkalis 
form salts of bromo di-mtro-methane 

Tri-bromo-nltro-methane 0Br,(NO2) Brpmo 
pwrin [10®] S G 2 811 

Formation — From nitro methane, bromine, 
and KOH (V Meyer a Tscherniak, A 180, 122) 
Preparation — CaO (4 pts ), H^O (60 pts ), 
Br, (6 pts ) and picnc acid (1 pt ) are mixed in 
the order named and the product is distilled 
(Stenhouse, P M [4] 8, 36 , Groves a Bolas, A 
165, 253 , C J 23, 153) 

Properties — Pungent prisms, may be dis- 
tilled in vacuo Converted by Br into CBr, 
BEOMO-DI-NITEO-METHYL-ANILINE 
C3H,Br(NO )2NHMe [1 3 5 6] [147°] From 

di nitro methyl aniline and Br Yellow crys- 
tals , boiling aqueous KOH gives bromo di- 
mtro phenol (Norton a Allen, B 18, 1996) 
Bromo-nitro-di-znethyl-anilino 
I CaH3Br(N02)NMe2 [4 3 1] [72^] Long crystals 
Formed together with other products by the 
action of nitrous acid upon p bromo di methyl 
aniline (Koch, B 20, 2460) 

BEOMO-DI-NITEO-METHTL-DI PHENYL- 
AMINE C„H„NBr(N02)2 [194®] Light yeUow 
tables Formed by bromination of di mtro 
methyl di phenyl amine (Leymann, B 15, 1236) 
BEOMO-NITEO-NAPHTHALENE 
C,oH3Br(N02) [1 4] [85°] From (a) bromo- 

naphthalene and HNO, Yellow needles PBr, 
gives C^HgBrj [81®] (John, Bl [2] 28, 615) 
Bromo-nitro-naphihalene 
C,oH„Br(N02) [1 1' or 4'] [122 6°J 8 (93 p 0 

alcohol) 337 at 15 7° From (a) mtro naphtha- 
lene and bromine (Guareschi, A 222, 291) 
Yellow needles (from alcohol) KMnOi gives 
bromo phihalio acid [174®-176°] 

Bromo-mtro-naphthalene C,oH3Br(N02) [3 1] 
[131®] From (2,4,1) bromo mtro (a)-naphthyl 
amine by the diazo reaction (Liebermann a 
Scheidmg, A 183, 262 , Meldola, C J 47, 508) 
Straw coloured needles Exchange of NOj for 
Br gives (1,3) di bromo naphthalene [64®] 

Bromo-nitro naphthalene CioH^Br^NOg) [1 8] 
[132°] From (u) naphthylamine by bromina- 
tion, nitration, dia-obtisation <Src (Liebermann, 
B 8, 1108, A 183, 262) Yellow needles, Sn 
and HCl give (iS) naphthylamine 
B roino-di-mtr o-naphthalene 
C,oH^Br(N02)2 [170°] Long glistening needles 
Formed together with the following isomende by 
nitration of (a) bromo naphthalene with fuming 
HNOg (1 5) Not attacked by bojiling with 
aqueous NaOH On oxidation with dilute HNO, 
it gave a small quantity of (a) mtro phthalio 
acid (Merz a Weith, B 15, 2710) 

Bromo-di-mtro naphthalene 
C„H3Br(N02),. [143°] Tables or prisms Formed 
as above Not attacked by boihng aqueous NaOH. 
On oxidation with dilute HNO, it gave a httle (a). 
mtro phthaho acid (Merz a Wei^, B 16, 2710) 
Bromo-tetra mtro naphthalene 
C,oH,Br(N02)4 [190°] Needles S (benzene 

at 18°) 3 7 Formed by further nitration of 
bromo di mtro naphthalene [170°] by heating 
with a mixture of HNO, and 4SO4 It dissolves 
m oaustio alkalis forming tetra-mtro-naphthoL 
NH, converts it mto tetra mtro naphthylamine, 
and aniline gives the phenyl derivative of the 
latter On oxidation with ^ute HNO, it gives 
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di-mlro pbthalifl acid [227®] (Merz a Weith, B 
16, 2712) 

Bromo-tatra nitro-zLapntnaleno 
0,«Hir(N0jJ, [246®] White glistening needles 
Kearly insol ordinary solvents Formed by 
nitration of bromo di nitro naphthalene [143°] 
with a mixture of HNO, and H2SO4 It is at 
tacked by alkalis with difficulty NH, converts 
it into tetra nitro naphthylamme and anihne 
gives the phenyl derivative of the latter On 
oxidation with dilute HNO* it gives di nitro 
phthaho acid [200°] (Merz a Weith, B 16, 
2718) 

Di bromo nitro-naphthalene C,oHjBr2{N02) 
[96 6°-98°] One of the products of action of 
Br on nitro naphthalene Small yellow needles 
(from alcohol) (Guareschi, A 222, 286) 

Bi bromo-nitro naphthalene 
C,oH,Br,(NOj) [14 1'] [116 5°] From (1.4) 

di bromo naphthalene and EUNO, (S G 14) in 
the cold (John, Bl [2] 28, 616) PCI* gives tri 
bromo-nsphthalene [86°] 

3h bromo nitro naphthalene C,oH Br2(N02) 
[100°-105°] From di bromo naphthalene [68°] 
and HNO, (S G 14) (Canzonen, O 12, 427) 

Tri bromo>di-nitro naphthalene 
C,oH,Br,(N02)*. From (1, 2, 4)-tn bromo naph 
thalene and fummg HNO, (Prager, B 18, 2164) 
BBOKO - BITBO - (a) - NAPHTHOIC ACID 
C„H,Br(N02)C05^ [1 4 4^ [260°] Formed by 

nitration of bromo (a) naphthoic acid [246°] 
Small yellowish prisms (from alcohol) Its am 
moniom salt forms glistening plates, si sol 
cold water (Ekstrand, B 19, 1135) 

BEOKO NITRO-(a).NAPHTHOL 
C,4;H,Br(N02)(0H) [2 4 1] [136°] From (2,4,1) 
bromo nitro acetyl (a) naphthylamme and cone 
NaOH Silky needles (from alcohol) , oxidation 
gives phthalic acid 

Salts — C,^sBr(N02)(0Na)aq red needles 
— (C, ja,Br(N02)0)2Ba 3aq 

Methyl ether C,oH^Br(NOJ(OMe) [115°] 
Pale yellow silky needles (Meldola, C eJ 47, 497) 
Bromo nitro-(a).naphthol CmHjBrfNOJOH 
[142°] From acetyl bromo (a) naphthylamme 
by nitration and saponification (Biedermann a 

Eemmers, B 7, 638) 

BEOMO NITEO.(a) NAPHTHYLAMINE 
C„H,Br(N02)(NH2) [2 4 1] [197°] From the 

acetyl derivative by dissolving m cone H^SO, 
and ppg with water Orange needles , gives 
phthahe acid on oxidation (Meldola, C J 
47,497, 43,9) 

Acetyl derivative C,,HjBr(NOj)(NHAc) 
[225°] From acetyl (a) naphthylamme by 
nitration and bromination Pale ochreous 
needles 


Bromo nitro (a) naphthylamme 
C,3,Br(N02)(N^ [4 21] [200°J. From 

acetyl (a)-bromo (a) naphthylamme by nitration 
and saponification (Liebermann a Scheiding, 
A 183, 268) Oxidised by dilute HNO, to 
phthalic acid. Elimination of NH, gives bromo 
nitro-naphthalene [182°] Cone ]^rAq at 130° 
gives (1, 2, 4) in bromo naphthalene 

Acetyl derivative C|,H,Br(NOaJ(NELA.c) 
[282°] 

DI-BEOICO NITEO-OBCnr 0,H,Br,N0, %e 
<3,MeBr,(NO,)(OH),. [112°] From (/3) nitro- 
(Nrcm ana Br Yellow lommie (from alcohol) — 


Ba(OABr2NOJ,2aq red needles (Weselsky, 
B 7, 444) 

BEOMO NITEO-o-OXY-BBNZOIC ACID 

CABr(N0,)pH:)00,H [5 3 2 1] Bromo nitro- 
salicylic acid. [176°] Yellow needles Formed 
by nitration of bromo-salioylic acid in acetic 
acid solution — A'gCaajaq V sol water — A'^Ba 

yeUow needles -C.H^r(NOJ<°2 •^>Ba2aq 

ted crystals — ®>Pb nearly 

insoluble pp (Lellmann a Grothmann, B 17, 
2729) 

Bromo nitro-o oxy benzoic acid 

C,H2Br(N02)(0H)C02H [8 5 2 1] [222°] Colour 
less needles V sol alcohol, ether, and hot 
water Formed by bromination of mtro sah- 
cylio acid m acetic acid solution . 

Salts —A Jia 4aq long yellow needles — 
A'jCa Caq yellow prisms (Lellmann a Groth- 
mann, B 17, 2724) • 

Bromo nitro-o oxy benzoio acid Methyl 
derivative CBH2Br(N0J{0Me)(C02H) From 
methyl bromo isopropyl phenyl oxide and 
HNO, (S G 13) (Peratoner, O 16 420) A di 
bromo nitro 0 oxy benzoic acid is also formed 
Bromo nitro p-oxy benioio acid Methyl 
derivative C,H^r(N02)(OMe)(CO,H) [1 3 2 5] 
[182°] Bj omo-nitro-anisic acid lormed by 
nitrating bromo anisic acid 

Ethyl ether EtA' [85°] needlea.(Balbi- 
ano, Q 14, 241) 

DI BEOMO DI NITBO DI OXY DI PHENYL 
SDLPHONE 

C, H,Br,N,SO, % e (C«H,(NO )(OH)Br) SO 
[285°] From di mtro di oxy di phenyl siil 
phone in CS^ and Br (Annaheim, B 9, 6C0) 
Yellowish needles — CijH^NaaBrjN^SO, 2aq 
orange needles 

BROMO NITEO OXY PIPERIDINE 1/ CAR- 
BOXYLIC ETHER C,H,(Br)(NO,)(OH)N CO^Et 
[167°] CcJourless prisms , sol alcohol Formed 
by the action of Br in HO Ac on mtro dehydro 
pipendme v carboxylic ether (Schotten, B 16, 
646) 

BEOMO NITEO PHENANTHRENE v Phen- 


iLNTHRKNE ** 

BEOMO-o NITEO PHENOL 

C,H,Br(N02)(OH) [1 4^] [44°] Formed, to- 

gether with the following body [88°] by boiling 
(1, 8, 4)-brorao di mtro benzene with aqueous 
KOH (Laubenheimer, B 11, 1160) Prisms, 
volatile with steam — NaA' scarlet needles — 
BaA', oq red needles, si sol water — CaA'j 2aq 
AgA' 

Bromo • 0 - nitro phenol C,H,Br(N02)(OH) 
[13 4] [88°] 

Eormation — 1 From p-bromo phenol and 
HNO, (Hubner a Brenken, B 6, 170 , K6rner, 
O 4, 388) — 2 From o mtro phenol (46g ) and 
Br (52g) (Brunck, Z 1867, 203)— 8 From 
bromo di nitro phenol (v sup ) 

ProperUes — Yellow monoclimc larmnss (from 
alcohol) a 5 c 2 941 1 1 626 0 = 64° 2' (Arzruni, 
Z Kryst 1, 436) , may be subhmed , v sol 
alcohol and ether, slightly volatile with steam. 
Reduced by Sn and HCl to bromo amido phenol 
(Schiitt, J pr [2] 82, 61) 

Salts — Na(C,H,BrNO,) red needles with 
golden-green lustre, v sol water — KA'2aq.-« 
BoA'r— AgA' 



BHOMO-NITRO-PHENOL 69S 


Methyl ether O^H^rCNO^jUMe [88®] 
From the silver salt and Mel by boiling, or from 
the TOtassium salt, MeOH and Mel at 110® 
NeedleB V sol hot alcohol or hot ether, v si 
sol water (Staedel, A 217, 65 , B 11, 1760) 
Ethyl et/ier 0«H,Br(N02)0Et [43®] (S), 
[47°] (H ) From the potassium salt, EtI and 
aloonol at WO® Formed also by nitrating o 
bromo phenetol 

Benzyl derivative 

C,H,Br(N0,)(00,H,) [84®] Yellow needles 

Insol water, v sol alcohol and glacial acetic 
acid, si sol benzene, ether or chloroform (Roll 
a H5lz, J pr [2] 82, 67) Reduced to bromo 
amido phenol, when treated with Sn and HCl, 
benzyl chloride splitting off 

Bromo-w nitro phenol C«H3(Br)(]SfO^)(OH) 
[? 3 1] [147®] (L ) , [110°] (P ) Piepared by bro 
mination of m nitro phenol (PfafE, B 16, 612 , 
Lindner, B 18, 612) Y^low needles Sublim 
able 81 sol hot watJr, CSj and petroleum 
ether, msol cold water On reduction with tin 
and HCl it gives m amido phenol, the Br atom 
being eliminated — KA' 2aq red crystals, sol 
water and alcohol — NaA' aq yellowish red 
crystals, sol water and alcohol — BaA'2 4aq 
Methyl ether A'Me [104°], white 
needles, v sol alcohol and ether, on reduction 
with tin and HCl it gives m anisidme 
Ethyl ether EtA' [67°] prisms 
Bromo p nitro phenol CaHsBr(NOJ(OH) 
[1 3 0] [102®] Formed by brominatmg p 

nitro phenol (Brunck, Z 1867, 204) Satmy 
needles (from ether or alcohol) , m sol water — 
Ba(C4H,BrNO,)3 6aq orange needles, m sol 
water 

Methyl ether MeA' [106®] From the 
potassium salt, Mel and MeOH at 110® White 
needles (from alcohol) V sol hot alcohol or 
ether, m sol hot*water (Staedel, A 217, 66) 
Ethyl ether EtA' [98®] (S ) , [55®] (H ) 
Formed like the preceding (S ) From p nitro 
phenetol and Br (Halloch, B 14, 37) Yellow 
needles (from alcohol) V sol alcohol or ether 
Benzyl ether G,H3Br(N03)(0C,H,) [126®] 
Nearly colourless plates (from alcohol) Insol 
water, sol alcohol and ether (R a H ) Reduced 
by Sn and HCl to bromo p amido phenol and 
C^,C1 

Bromo di>mtro phenol C3H2Br(N03)3(OH) 
[1 3 6 4] [86®] (K), [71®] (Austen), [76®] 

(Armstrong) Formed by nitrating p bromo 
phenol m HOAc, or by brommatmg and nitrat- 
ing o nitro phenol ^6rner, A 137, 205 , Arm 
Btiong a Prevost, B 7, 922) Formed also by 
brommatmg di nitro phenol [64®] (Korner, O 
4, 806) , and by boiling di nitrated p di bromo- 
benzene with aqueous KNO, (Austen, Am S [3] 
16, 46) Yellow monoclmic prisms, abc = 
2 796 1 1 778 , /3 =■ 67° 68' (Arzrum, loc cit ) 

Water and Br at 100® change it mto the iso 
meride [118®] (Armstrong, C J 28, 620) HNO, 
forms picno acid 

Salts — NH^A' silky red needles , sol boil 
mg water and alcohol — NH^A' aq — BaA'a yel- 
low needles, sol hot water — CuA\ short brown 
needles, insol water — KA' long red needles, si 
Bol water — AgA' — CaA', 8aq 

Ethyl ether EtA' [66®] small needles, 
lol alcohol and hot water, saponified by cold 
VoL. I 


NaOHAq (Schoonmoker a Van Mater, Am 0, 
187) 

Bromo-di-nitro-phenol C,H3Br(N03)3(0H) 
[91 6®] Formed by nitrating m bromo phenol, 
and also from di bromo di nitro phenol [117®] 
and boiling aqueous KOH (Korner, O 4, 305) 
Prisms (from alcohol or ether) The K salt 
forms yellow needles 

Methyl Tier MeA' [109®] 

Bromo -di-nitio phenol CBH2Br(N02)jOH 
[1 3 o 6] [118®] 

Formation — 1 From (1,3,4) di nitro phenol 
and Br (Laurent, Rev Scient 6, 66) —2 By 
nitrating o bromo phenol (Korner, O 4, 394) — 
3 From o nitro phenol by bromination and 
nitration —4 By boiling bromo di nitro aniline 
[144°] with aqueous KOH (Korner) — 6 By 
nitrating brominated phenol disulphomc acid or 
di brominated phenol p sulphonic acid (Arm- 
strong a Brown, C J 25, 861, 865) — 6 By 
warming the isomeride [c 76®] with Br and 
water (Armstrong, C J 28, 620) — 7 From 
picric acid, water, and Br (Armstrong, B 6, 650) 

8 By nitrating tri hromo-phenol (Armstrong a 
Harrow, C J 29, 477) —9 From bromo nitro 
benzyl phenol in HOAc by HNO, benzyl being 
displaced by NO2 (Rennie, C cT" 41, 226) 

Properties — Yellow prisms Needles (from 
alcohol) 

Salts — KA'aq flat yellow needles, si sol 
cold water — KA'l^aq — BaA/S^aq — BaA'2 4aq 
— BaA'2 5aq yellow needles, si sol water — 
— CaA'2 7aq — CaA'j 8aq — CaA', 12aq — 
NH^A' 2aq — NaA' liaq — PbA'j 2aq 

Methyl ether MeA' [48°] From bromo- 
anisic acid and HNOg Yellow prisms, sol alco 
hoi and ether, msol water (Balbiano, O 14,236) 
Di-bromo-o mtro-phenol CeH2Br3(NOj)(OH) 
[1 3 5 6] [117 5®] 

Formation — 1 From 0 nitro phenol and Br 
(Brunck, Z 1867, 203 , Korner) — 2 From 
(1,3,4,) di bromo phenol by nitration (K ) — 8 
By nitrating di bromo phenol sulphomc acid 
(Armstrong a Brown, C J 25, 863) 

Properties — Golden monoclmic prisms (from 
alcohol), a 6 c= 615 1591, y3-65°23' (Arz- 
rum, Z Kryst 1, 436) Volatile with steam, 
may be sublimed , v si sol water Heated 
with bromine at 100® it gives some of the iso- 
meride [141®] together with tetra bromo quinone 
and (1,3,6) bromo mtro phenol (Lmg, C J 51, 
147) 

Salt — KA' scarlet needles, V si sol cold 

Methyl ether MeA' [77®] From the 
silver salt and Mel , alcoholic NH, converts it 
mto di bromo nitro aniline [127®] whence 
gives di bromo-mtro benzene [106°] (K j 

Ethyl ether EtA' [46®] From the silver 
salt, EtI and alcohol at 100° (Staedel, A 217, 
68) y sol benzene, alcohol or ether, msoL 
water 

Benzyl ether 0«H3Br3(N03)(0C,H,) [66®] 
Yellow crystals (from ether) Sol benzene, 
chloroform, and glacial acetic acid, ihsol water 
{B, A B-y J pr [2] 32, 67) Reduced by Sn and 
HCl to di- bromo amido phenol and benzyl 
chlonde 

Di bromo m-nitro phenol 0«H3Br3(NO,JOH« 
[91®] Formed by heating m-mtro-pnenol (1 

QQ 



m bromo-nitro-phenol. 


mol ) with bromine (2 mols ) Yellowish plates. 
V iM)l ^cohol, sL sol water 

Salts ~ KA' aq easily soluble orange-red 
needles — AgA' sparingly soluble red powder — 
BaA'o 6aq very soluble red needles 

Ethyl ether C,H,Br,(NO,)OEt [110^ 
yellowish needles, sol hot alcohol (Lindjoer, B 
18, 613) 

Di-bromo-p nltro-phenol C«H2Br^(N02)(0H) 
[1 5 3 6] [142®] (Lellmann a Grothmann, B 

17, 2731) 

Formatxon — 1 By brommating p nitro 
phenol or its sulphonic acid (Brunck, Z 1867, 
204, Post a Brackebusch, A 205,94) — 2 By 
nitrating tn bromo phenol dissolved in HOAc 
(Armstrong a Harrow, Zoc cit) In small 
quantity by heating the isomende [117®] with 
Br (Ling, G J 61, 147) 

Properties — Pnsms, si sol water, v sol 
alcohol and ether 

Salt — BaA'j 10 aq yellow needles, efferves 
cmg to a red powder — BaA^jS^aq — AgA' 

Methyl ether MeA' [123®J (Korner, G 4, 
890) From di bromo anisic acid and HNO,, 
the COjjH being displaced by NO^ (Balbiano, O 
14, 9) Pyramidal needles , converted by NH, 
into di bromo p nitro-aniline [203°] 

Ethyl ether [108°] Long quadratic 
columns (Staedel, A 217, 67) 

Benzyl ether C«H,Br,{NO,)(OC^,) [94°] 
Kearly colourless needles (from alcohol) Insol 
water, si sol alcohol, ether, benzene, chloro 
form, and glacial acetic acid (E a H ) Reduced 
by Sn and HCl to di bromo^p amido phenol (q v ) 
and benzyl chlonde 

Tn bromo mtro phenol C^HBr8(NOj) OH 
[6423 1] [86°] (L ) , [89°] (D ) Formed by heat- 
ing m nitro phenol with Br (3 mols ) at 100° 
(Lindner, B 18, 614) Colourless crystalline 
powder , v sol alcohol, ether, and benzene, v 
si sol hot water 

Salts — A'NH, sparingly soluble micro- 
scopic needles — A'K aq v sol water — A'^a 8aq 
sparingly soluble orange yellow crystals — 
A'jBa aq — A'^Mg* easily soluble red plates 
0 Nitro benzoyl de ivative 
C;aBr,(N08)0 CO C8 H,(NOj) [129° cor ] , very 
small colourless needles 

m Nitro benzoyl derivative 
C8HBr,(NO,)0 CO C.H,(NO,) [164° cor ] , glis- 
tening colourless needles , B (90 p c alcohol) 
-253 at 14° (Daccomo, B 18, 1167) 

Ethyl ether EtA' [79°], pnsms 
BBOKO KITBO PHEBOL SULPHOBIC ACID 
C.H,BrNSO.t e C,H^r(NO,)(OH)S03H [1 3 6 5] 
Formed, together with di bromo nitro phenol, 
by brommating (1, 4, 8) nitro phenol sulphonic 
acid (Post a Brackebusch, A 205,92) — CaA'jSaq 
— BaA',8aq — C,H;3rNS08(Pb0H),2laq 

Broxno-phenol sulphonio aci^ nave been 
obtained by Armstrong (C J 25, 857, B 
7, 404, 924) and Post (B 7, 169) by the action of 
nitno acid on vanous brominated phenol sul- 
phonic acids, and by the action of bromine on 
(1, 2, 6) mtro phenol sulphonic acid 

BBOMO-iriTEO-DIPHBirYL C„H,BrNO, U 
[4 1] C,H,Br CJB,(NOJ [1 4] [178^ (above 

860°) Formed by heating diphenyl (1 pt ) with 
cone HNO, (1 pt ), or from amido-nitro diphenyl 
by the diazo reaction (Schultz, A 174, 218) 
Long white needles (from toluene) CrO, gives 


p bromo benzoic acid and s littlep nitro benaoU) 
acid 

Bromo-nitro-diphenyl C,,HgBrN 04 % e 
[41] C.H,BrOA(NO,)[12] [65°] (o8C0°). 

Formed together with the preceding Monochmo 
columns CrO, gives p bromo benzoic acid 
(Schultz, A 207,848) 

Pi bromo mtro diphenyl , 

C^H^Br C,H3Br(N03) [127°] Formed by nit-a 
tion of di bromo diphenyl in acetic acid solution 
(Lellmann, B 16, 2837) Yellowish crystals; 
V sol alcohol, benzene, and acetic acid 

ri bromo di nitro diphenyl C, 2 H 3 Bi^(NC) )j. 
From pp di bromo diphenyl and fuming HlsO, 
(Fittig, A 132, 206, S) Hair like crystals 
(from benzene) Sn and HCl give di bromo di- 
amido diphenyl [89°] 

Di bromo tri nitro diphenyl 
C«H,Br(NOJ CaH,Br(NO,)^ [177°] Formed by 
nitration of di bromo diphenyl with cold fuming 
HNO, (1 65) (Lellmau’', B 15, 2838) Small 
colourless needles Sol benzene, si sol alcohol. 

BEOMO NITKO PHENYL ACETIC ACID 
I CABr(N03)CH3C03H [1 2 4] [114°] Formed 

by nitration of a mixture of o and p bromo 
phenyl acetic acids (Bedson, O tl 37, 97| Flat 
greenish yellow needles Sol hot, msol cold 
I water V sol alcohol and ether and 

I H38O, give C,HBr(NO,)C03H [199°] 

Salts — BaA'j aq Its aqueous solution gi vea 
white pps with AgNO,, Pb(0Ac)2, and a blue 
pp with Cu{OAc )2 

Methyl ether MeA' [41°] Needles, 
Ethyl ether Oil 
(a) Bromo nitro phenyl acetic acid 
C,H,Br(NOJCH2 CO2H [169°] Formed by 
nitration of mixture of 0 and p bromo phenyl 
acetic acids (Bedson) Yellowi^ white, branch 
mg needles V sol alcohol and ether, msol 
cold, sol hot water ^ 

Salt — BaA'2 4aq Its aqueous solution gives 
white pps with AgNO, and Pb(OAc)3, but ti 
green pp with Cu(OAc)3- 

Methy I ether [G8°] Flat needles 
Ethyl ether Yellowish needles, 
ifi) Bromo mtro phenyl acetic aoid 
C.H3Br(N02)CH2CO,H [162°] Formed toge 
ther with the two precedmg (Bedson) Small 
I yellow prisms 

BROMO DI NITEO-DI PHENYL AMINE 

C,2H3BrN,0,i.€ C3H3Br(NO,)3NHC,H3 Phenyl 
hromo-mtro phenyl amine [120°] Formed by 
! warming bromo di mtro benzene [100°] with 
aniline fAusten, B 9, 920) Orange hair like 
needles (from alcohol) 

! Bromo di-nitro-di phenyl amine 
C^H^Br NH CA(NOA,. Bromo phenyl d^nitro- 
phenyl-amine [168°] From (1, 2, 4) bromo- 
di mtro benzene and di p-bromo di phenyl urea 
I at 170° Yellow needles (from ether) (Willge- 
rodt, B 11, 602) 

Bromo tri-nitro-di phenyl-amine 
C,H,Br(NO,)rNH.C,H*N 03 . [168°] From bromo. 
^ nitro di phenyl amme [120°] and HNO, (A ) 
Di-bromo di nitro-di phenyl amine 
C„H;Br,(NOj) 3 N [196°] Formed by bromina- 
tion of ^-mti^di phenyl amine (Leymann, B 
16, 1236) 

Di bromo-tetra-nitro di-pheayl amine 
C.H,Br{NOJyNH 0,H,Br(NO,)^ [986°-942°3, 
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Prom NM6(0.H^r,){C^H^Br) and HNO,(Gnehm, 
B 8, 929) LammaB (from HOAc) 
!lM*bromo^>x)itro^i-phenyl-ainin« 
C,^gBr,(NOj),N raiO°] Formed by mtratmg 
tetra bromo - di - phenyl - amme ( 0 ,H,Br 3 ) 2 NH 
(Gnehm a Wyss, B 10, 1323) 

BEOMO-HITBO-PHEKTYL BENZYL OXIDE 
V Bromo Ni^po phenol, Benzyl ether 

DI . BBOMO - NITRO - PEEK YL - CABBAMIC 
ACID Methyl ether 
[1 8 4] CeH.;Br 2 (NOJ NH CO^Mo [152°] From 
methyl (1,3,4) di bromo phenyl carbamate and 
HNO, (Hentsohel, J •pr [2] 34, 425) Prisms 
(from alcohol) NH, forms (1,3,4) di bromo- 
aniline 

BBOMO NITBO m PHENYLENE -DIAMINE 

C,H^rlJ,0, t e C,K^r(NO,)(NH ,)2 [1 2 3 5] 
From tri bromo nitro benzene and alcoholic Nil, 
for some days at 175° (Korner, O 4) Orange 
needles, decomposes at*163° Converted into 
jp bromo benzene by the^azo reaction 
Bromo nitro p phenylene diamine 
C.a^r(N02)(NH2)2 [1 4 2 5] [156°] From tn 
bromo nitro ^nzene [94°] and alcoholic NHg at 
110° ^6rner, O 4) Pyramidal needles Con 
verted by diazo reaction into p bromo benzene 
BBOMO - NITBO - PHENYL - ETHANE v 
Bbomo nitro ethyl benzene 

Di-bromo>di-nitro-s-di*phenyl>othane 
C,H,(Npj) CHBr CHBr C«H, NO^ [above 300°] 
Di bromide of di p nitro stilbene Split up by 
heat mto 2HBr and di mtro tolane (Elba a 
Bauer, J pr [2] 34, 345) 

Di-bromo-di-nitro-s-di-phenyl-ethane 
C,4H,^rj(N02)2 Di bromo di-nitro di benzyl 
[205^ Formed by mtratmg di p bromo di 
benzyl (Fittig a Stellmg, A 137, 260) Sword 
shaped crystals (from benzene) 

BBOMO-NITRO-PHENYL ethyl OXIDE V 
Ethyl Bbomo nitro phenol 

aa>DI - BBOMO - am - DI-NITBO - o> « PHENYL* 
METHYL-CABBINOL 

Ethyl ether CBr 2 (NO,) CH(C,H,N02) OEt 
[99°] — 1 From the compound of alcohol with 
cm-di nitro cmnamio ether (g’ v ) by simultaneous 
treatment with aqueous NaOH and Br (Fried- 
lander a Lazarus, A 229, 237) — 2 From « m- 
di nitro styrene, alcohol, aqueous NaOH and Br 
AVhite plates (from dilute alcohol) Insoluble 
in aqueous NaOH 

Methyl ether CBrj^NOJ CH(C,H,N02)OMe 
[146°] Formed in a similar way from the com- 
pound of methyl alcohol with the same body, or 
from m di nitro styrene, methyl alcohol, Br, 
and aqueous NaOH White plates 

BBOMO - NITBO - PHENYL - METHYL- 
XETONE V Bbomo nitro acet ophe none 

p-BBOMO 0 NITRO j8 PHENYL PROPIONIC 
ACID C.H2(Br)(N02)C,H, CO 2 H [4 2 1] Bromo- 
mtro kydrocinnamic acid [142°] Prepared by 
the action of HBr on the diazo compound from 
p amido-o mtro hydrocmnamic acid Formed 
together with the (4,3,1) isomende by nitration 
of p bromo-hydrocmnamio acid Flat feathery 
crystals. By reduction with tin and HCl it 
gives p - bromo • hydrocarbostynl (Gabriel a 
Zimmermann, B 18, 1682) 

p Bromo m-nitro B phenyl propionic acid 
C.H,(Br)(NO^ 0,H, CO,H [4 8 1] [90°-96°] 

Long glistening needles Prepared as above 
On nsduction with tm and HCl it gives p bromo 


m-amido-hydrocinnamio acid (Gabnel a Zim- 
mermann, B 13, 1663) 

$ Bromo-o nitro iS-pheftyl-propionic acid 
0,H,(NO ) CHBr OHj-CO^H [140°] From o- 
mtro omnamio acid, HOAc, and at 100° 
(Emhom, B 16, 2208) Monoohmo crystals, 
V sol ordinary solvents, si sol bensene 

Reactions — 1 Boiling water forms mdoxyl 
2 NaOHAq forms mtro-cmnaraic acid — 8 Cold 
Na^COjAq forms the lactone of o-mtro oxy- 
phenyl propionic acid —4 Hot NsjCO^Aq gives 
mtro cmnamio acid, mtro oxy phenyl-propiomo 
acid, and 0 mtro styrene 

)8 Bromo m mtro $ phenyl-propionic acid 
0«H,(NO,) CHBr CH 2 CO,H [9G°] Prepared by 
heating an acetic acid solution of m-mtro-cin- 
namic acid with HBr at 100° V sol alcohol, 
si sol toluene, insol petroleum ether 

Reactions — 1 By boiling with water it 
chiefly gives m mtro styrene — 2 An excess of 
alkali converts it back mto m-nitro cmnamio 
acid — 3 By adding the powdered acid to an 
aqueous solution of | mol of Na^CO,, it yields 
30 p c of m mtro styrene, 20 p c of m mtro- 
omnamio acid, and 10 p 0 of m mtro & oxy-3- 
phenyl propionic acid If the powdered acid is 
added to a cold solution of Na^CO, the )3-laatoae 
13 formed (Prausmtz, B 17, 695) 

j9 Bromo p mtro phenyl propiomc acid 
C,H,(N02) CHBr CH2.C0,H [172°] Preparedby 
heating p mtro cinnamic ether with HBr at 
100° Prisms , sol hot alcohol, si sol water 
and benzene 

Reactions — 1 Long boding with dilute 
H^SO, (25 pc) reconverts it mto p mtro- 
cinnamic acid — 2 Heated with water it yields 
p mtro 6 oxy phenyl propionic acid (72 p e ) and 
p mtro styrene (28 p c ) — 3 Cold aqueous KOH 
gives 2 >-mtro oxy phenyl propiomc acid and its 
lactone Alcoholic KQH yields almost entirely 
p mtro cmnamic acid —4 Aqueous NH, yields 
the lactone which by excess of NH, is converted 
mto the corresponding amido- acid 

Ethyl ether A'Et [8 1°] , colourless plates 
(Easier, B 16,3001) 

Di bromo o-mtro-^henyl propionic acid 
CgH4(N02)CHBr CEl&r COjH Dibromide of o- 
nitro cinnamic acid [c 180°] From Br and 
o mtro cmnamic acid (Baeyer, B 13, 2257) 
Needles or plates, sol hot water NaOHAq 
gives 0 mtro-phenyl propiolio acid Zmc dust 
and NaOH give mdole 

Methyl ether MeA' [99°] 

Ethyl ether EtA' [71° uncor] (M ) 
From o mtro-cmnamic ether and Br (Muller, A 
212, 130) Alcohoho KOH converts it mto 0 
mtro phenyl propiolic acid Heated with water 
at 120° it gives o-mtro cmnamic acid 
Di bromo p mtro-phenyl-propionio acid 
C,H,(N02)CHBr CHBr CO^H [218°] From p- 
nitro-cmnaimo acid and Br (Drewson, A 212, 
151) Bhombic prisms (from glacial HOAc) 
M sol water or glacial HOAc, v sol alcohol or 
ether, si sol benzene, v si sol benzoline. 
Aqueous NaOH forms p mtro cmnamio and p- 
mtro phenyl propiolio acids — CaA',. 

Ethyl ether [111°] Fromjpnitro- 
omnamio ether and Br m CS, (0 L. Mdller, A, 
212, 129) Columns (from CS,) , v boL hot al 
oohol, ether, or benzolme Alcoholic KOH coa- 
verts it mto a mixture of two isomeno brorao-ji- 
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niti-o cinnamic ethers, and p nitro phenyl pro- 
piolic acid Heated with water at 120° it gives 
p nitro cinnamic acid 

BBOMO KITBO PHTHALIC ACID 
C„H^r(NO,)(CO^), [1 4 2 8] From di bromo 
naphthalene [B2°] and HNO, — NojA" (Guares 
chi, ^ 222,277) 

«.BBOMO.a> KITBO PBOFAKE 
CH, CHj CHBr(N02) (c 160°) Formed to 
gether with di bromo nitro propane by the action 
of potash and Br on nitro propane (V Meyer a 
Tschemiak, A 180, 116) Oil, sol potash 
a Bromo a nitro propane CHj CBr(NO^) CH, 
(160°) From CH, CH(NO,) CH, Insol potash 
Dl bromo nitro propane CH, CH CBr^{NO^) 
(ISl^-lSB®) From bromo nitro propane, Br, and 
potash An oil, insol potash 

TBI BBOMO DI KITBO PBOPIONIC ACID 
C^HBraN i e CBr^ C(NO,), CO H From tri 
bromo phloroglucm and cone HNOj (Benedikt, 
A 184, 265) Silky scales, insol cold water, 

V e sol alcohol and ether , decomposed by boil 
ing water 

BBOMO KITBO PBOPYL BEKZEKE v 

Bkomo nitro cumene 

BBOMO KITBO PBOPYL PHEKOLd Bromo 

CUMENOL 

DI BBOMO DI KITBO PYBBOL 

CBr C(N02 )v 

C^HBrj^KjO^ I >NH [169°] 

CBr C(N02)^ 

Formed by dissolving di bromo -nitro pyrryl 
methyl ketone [20b°] in a mixture of fuming 
HNO, and cone HjSO^ at —18°, and precipita 
ting in water Silky leaflets (containing aq) At 
the ordmary temperature it is converted into di 
bromo maleimide (Ciamician a Silber, B 20, 
699 , O 17, 262) 

DI BBOMO KITBO PYBBYL METHYL KE- 

CBr C(NO,) 

TOKE j >NH , [206°] Long needles 
CBr C— CO CH, 

Formed by the action of cold nitric acid 
upon dl bromo pyrrylene di methyl di ketone 
CBr C—CO CH, 

I >NH , [171°], which 18 formed by 
CBr C- CO CH, 

passing bromme vapour into pyrrylene di methyl 
dl ketone (Ciamician a Silber, B 20, 699) 
Di-bromo-nitro pyrryl mttbyl ketone 
CBr CBr 

j >NH [176°] From nitro pyrryl 

C(NO,) C—CO CH, 

methyl ketone [197°] and Br Needles 

BBOMO KITBO-QXJINOLIKE C,H,N (Br) (NO,) 
[133°] Formed by nitration of bromo quinoline 
Long ghstenmg needles Volatile undecom 
posed Sol alcohol and ether, si sol water 
Weak base —B'^HaCl^PtCl^ short orange yellow 
pnams (La Coste, B 15, 1918) 

DI BBOMO KHRO ODINOKE 
CJHBr,(NO,)0, [6 2 3 4 1] [246°] Yellow plates, 

V b 1 sol hot water and cold alcohol Formed 
by the action of a mixture of HNO, and H^S04 
upon the propionyl derivative of tri bromo 
phenol (Guareschi a Daccomo, B 18, 1174) 

BBOMO KITBO BESOBCIK Ethyl ether 
C4H,Br(N0,)(0H)(0Et) [114°] From ethyl 
(1, 2, 4) nitro resorem and Br (Weselsky, M 
1 , 898 ) 


Di-bromo nitro resorcin C,H,Br,N 04 iA. 
C,HBr,(NO,)(OH), [147°] From (1, 2,4) mtro- 
resorcin [115°] in ether and Br (Weselsky, A 
164, 7) Golden laminae — Ba(C,H,Br,N04)3 4aq 
Ethyl ether C«HBr,(N 03 )(OEt)(OH) 
[1 6 3 2 6] [69^] From ethyl nitro resorem and 
Br (W) 

bi bromo nitro resorcin 0,HBjr^(NO,)(On), 
[1 8 5 4 6] [117°] From (1, 2, 6) nitro resoiom 
and Br {W ) 

Bromo di nitro resorcin CflHBr(N02) (OH),. 
[193°] Formed by nitrating di bromo nitroso- 
resorcin or by brominatmg di nitro resorcin 
(F^vre, Bl [2] 39, 590 , C R 96, 790 , Typke, 
B 16, 555) Orange needles , si sol boiimg 
alcohol — K,A" Aaq red needles — Na3A"2aq — 
BaA" 3aq — (NH,)2A"aq 

Acetyl derivative [136°] , pnsms 
BBOMO-NITBO-SALICYLIC ACID v Bromo- 

NITRO OXY BENZOIC ACID^ 

DI-BEOMO-NITBOSP-RESOBCIK 

C^HBr (NO)(OH)2 From nitroso resorcin and 
Br (F^vre, Bl [2J 39, 591) Yellowish needles 
(containing 2aq) which turn brown at 188’ and 
decompose at 150° , insol benzene, si sol cold 
water, v e sol alcohol 

BEOMO-NITROSO THYMOL 
0„HMePrBr(NO)(OH) [c 135°] Fromnitroso- 
thymene andBr (Mazzaraa Descalzo, G 16,196) 
BBOMO-NITBO-STYBEKE Ph CBr 9HNOi». 
[68 ] From di bromo nitro phenyl ethane 
PhCBrH CHBrNO^ and aqueous NaOH (Priebs, 
A 226, 343) Golden needles or plates (fiom 
light petroleum) Smells something like hay , 
when freshly ppd from alcoholic solution by 
water it is soluble in alkalis, hence its consti- 
tution is as above, rather than Ph CH CBr(N02) 
DI-BBOMO-DI-NITBO-THIOPHEKE 
C^SBrdNO,), [134°] Light yellow crjstals 
V sol not alcohol Formed b^ nitration of di- 
or tri bromo thiophene (Kreis, B 17, 2074 , 
Kosenberg, B 18, 3029) 

TBl-BEOMO-NITBO-rHIOPHEKE 
C4SBr,(N02) [106°] Formed by nitration of 

tn bromo thiophene Felted yellow needles V 
sol ether, si sol alcohol (Rqsenberg,H 18,3028) 
BBOMO KITBO-THYMOL 
CeHMePrBr(NO,)(OH) [101°] From bromo- 
nitroso thymol and KgFeCyg (Mazzara.G 16, 196) 
BBOMO-KITBO-TOLUENE 
C,H,Me(N02lBr [1 2 3] Oil From bromo nitro 
m toluidme oy nitrous gas and alcohol (Nevile 
a Wmther, C J 37, 630) 

Bromo mtro toluene CaH,Me(N02)Br [1 3 4] 
[32°] (256°) S G 14 1 631 From the cone- 
sponding nitro toluidme bythediazo perbromide 
reaction (Nevile a Wmther, C J 37, 442) 
Formed also by nitratmg p bromo toluene 
(Wroblewsky, A 168, 176) and by treating 
nitro toluene with Br and FeBr, at 70° (Scheu- 
felen, A 231,180) 

Bromo nitro-toluene CflH,Me(N02)Br [1 2 4]« 
[45°] (267°) From the corresponding rutro- 

toluidine [78°] by the diazo perbromide reaction 
(Beilstem a Kuhlberg, A 168, 340 , Nevile a 
Wmther, C J 37, 441) Formed also, together 
with the preceding, by nitratmg p bromo-toluene 
Large monoclinic tables 
romo nitro toluene C 4 H,Me(NOs 5 )Br 
[1 2 or 6 3] [66°] (267°) Formed by mtratmg 
m biomo toluene (W , Grete, A 177, 210). 




Bromo-nitro-tolubne sulphonio aoids. m 


Trimetric crystals, on reduction it gives bromo- 
o toluidine 

Bromo nitro toluene CaH,Me(NOJBr [1 4 2] 
C77®] From C,H,(CHJBr(NOJ(NH,) [12 4 5] 
(Nevile a Wmther, C J 89, 85) From p nitro- 
toluene, FeBr^, and bromine (Scheufelen, A 231, 
171) Also from diazo nitro toluene pipendide 
CAMe(N03>NjNCjH,o and boiling HBrAq 
(WaUach, ^ 236,248) Needles 

Bromo nitro toluene CaH3Me(N02)Br [1 3 6] 
[TS*- ] From m nitro toluene, FeBr2, and bromine 
(Scheufelen, A 231, 179) From (3, 1, 6) nitro 
o toluidine (N a W ) 

Bromo nitro toluene CaHjMe(N02)Br [1 3 6] 
[81°] (N a W ) , [86°] (W ) , (270°) Formed 
(a) from bromo nitro jp toluidine [65°], (b) fiom 
nitro (6,* 1, 2) bromo 0 toluidine [143°], or (c) 
from bromo nitro o toluidine [181°] by the usual 
methods (Nevile a Wmther, C J 37, 4S1 , 
Wroblewsky, A 192, 2f)3) Hence it can be 
prepared from a mixtAe of acetyl o and p 
toluidmes by successive bromination, nitration, 
saponification, and diazotisation 

Bromo di nitro toluene C^H Me(N02)2Br 
[104°] From m bromo toluene and fuming 
UNO, (Giete, A 177, 258) 

Di bromo nitro toluene CsH2Me(N02)Br2 
[14 or 0 2 3] [c 67°] From C,H,(CH,)Br2[28°] 
by nitration (Nevile a Wmther, C J 37, 434) 
Bifiromo nitro-tolneoe CaH2Me(N02)Br2 
[1 4 2 6] [68°] From C«H(CH3)(NH2)(N02)Br2 

[124°-130°] by ethyl nitrite (Nevile a Wmther, 
C J 37, 445) Also from (2,4,1) bromo nitro 
toluene, FeBrj, and Br (Scheufelen, A 231, 178) 
Di bromo nitro toluene CrtH2Me(N02)Brj 
[1 5 3 4] [63°] From bromo nitro toluidine, 

C„H2(CH,)(N02)(NH )Br [1 5 4 3] by diazo per 
bromide reaction (Nevile a Wmther, C J 37, 
447) Colourless plates (from alcohol) 

Di bromO - nitro -toluene C8H2Me(N02)Br2 
[1 3 2 6] [70°] From bromo-mtro-o toluidine, 

[143°], by diazo perbromide reaction (Nevile a 
Wmther, C J 37, 448) 

Di - bromo nitro - toluene C«H2MeBr2(N02) 
[1 4 6 2?] [80°] By nitrating di bromo toluene 

fiom di bromo w toluidine, [75°] (Nevile a 
Wmther, C J 37, 441) 

Di bromo nitro - toluene 0gH2Me(N02)Br2 
[1 6 3 4] [87°] Formed by nitrating the cor 

responding di bromo toluene Converted by 
reduction and diazo reaction into (2, 4, 5, 1) tri- 
bromo toluene [113°] (Nevile a Wmther, C J 
89, 83) 

Di- bromo nitro toluene C,H2Me(N02)Brj 
[1 4 2 6] [88°] From C,H2(CH,)(N02)(NH2)Br. 

[181°] by the diazo perbromide reaction Formed 
also by nitrating CBH,(CHj,)Br2 [1 2 5] Con 
verted by reduction and diazotisation into (2, 4, 
i, 1) tri-bromo toluene [113°] (Nevile a Win- 
ther, C J 87, 446 , 39, 83) 

Di - bromo - nitro toluene CaH2Me(N02)Br, 
[13 6 6] [106°] From bromo nitro o tolui 

dine, [181°], by exchange of NH3 for Br (Nevile 
a Wmther, C J 37, 433), 

m Di bromo nitro toluene OA CBr2(NO^ 
Phenyl d% bromo ntiro methane Colourless oil 
Formed by the action of bromine upon an 
aqueona solution of the di sodium salt of mtro 
b^sylidene phthalide 


X(0Na)^CNa(N02) C A* 

C.H,< >0 Volatile with 

^ CO ^ 

steam (Gabriel a Eoppe, B 19, 1145) 

Di bromo di nitro toluene 0,HMe(N02)iiBr,. 
[168°] Formed by nitrating C«H,(CH,)Brj, [39°] 
(Nevile a Wmther, C J 87, 437) 

Di bromo di nitro-toluene C0HMe(NO2)^r, 
[105°] Formed at the same time as the pre- 
ceding (N a W ) 

Di-bromo di nltro-tolnene C6HMe(N02)2Br, 
[1 ? ? 2 6] [161°] By nitration of (2, 6, 1;- 

di bromo toluene (N a W ) 

Tn - bromo nitro toluene CrfHMe(N02)Br, 
[1 4 2 5 6] [106°] From di bromo nitro m 

toluidme, [125°-130°], by the diazo perbromide 
reaction White needles (Nevile a Wmther, 
G J 89, 85) 

Tn - bromo nitro - toluene CaHMe(N02)Brj 
[107°] [1x2 3 4] Formed by nitrating tn- 

bromo toluene, [44°] (N a W ) 

Tri - bromo - nitro toluene CjHMe(N02)Br, 
[1 3 2 4 6] [216°] Formed by nitrating tri- 

bromo toluene [70°] (Wroblewsky, A 168, 195) 

Tri bromo di nitro toluene CsMe(N02)2Br4 
[1 ? ? 2 3 4] [217°-220°] Formed by nitrating 
tn bromo toluene [44°] (Nevile a Wmther, B 
13. 975) 

Tetra bromo nitro toluene C^Me(N02)Br4 

[1 4 2 3 5 6] [213°] (N a W ) , [227°] (S ). 

Formed by nitration of OflH(CH^)Br4, [117°] 
(Nevile a Wmther, C J 37,450) From (2,4,1)- 

bromo nitro toluene,bromine, and FeBr^ (Scheu- 
felen, A 231, 179) 

Tetra bromo nitro-toluene CaMe(NOj)Br4 

[1 2 3 4 5 6] [212°] From tetra bromo toluene, 
[111°] 

Tetra bromo nitro toluene 0,Me(N02)Br4 

[1 5 2 3 4 6] [216°] By nitration of tetra- 

bromo toluene, [108°] 

BEOMO - NITEO - TOLTTENE SULPHONIC 
ACIDS C«HjMeBr(N02)S03H The six following 
acids of this constitution have been described 

I Formed by nitrating o bromo toluene sul- 

phonio acid (Muller, A 169, 42 , Pagel, A 176, 
299) Deliquescent — PbA'22aq — NaA'aq — 
KA' — Ba A'a 2aq 

II JBy the action of fuming HNO, on (2,1,4)- 
bromo toluene sulphonic acid or on (2,1,4) o- 
toluidine sulphonic acid in the latter case the 
resulting diazo nitro toluene sulphonio acid is 
boiled with HBrAq (Hayduok, 4 172, 219 , 174, 
347) Minute needles , may be reduced to 
(1,3,4) m toluidine sulphonic acid — BaA'^Saq 

Chloride C,H MeBr(NOJSO,Cl [2i0°] 

Amide C«H2MoBr(NOJ(S03NHJ Doesnot 
melt below 200° 

III Fromm bromo toluene sulphonic acid and 
HNO, (Wroblewsky, A 168, 169) -CaA'24|a<i. 
— BaA'j8|aq — PbA',3aq 

IV Formed by mtrating (3, 1, 2 or 6) m- 
bromo toluene sulphonic acid (Weckwarth, A^ 
172, 200) — NaA' — Ca V 3aq — BaA'jS^aq 

V Formed by nitrating (4,1,2) p bromo- 
toluene sulphonio acid (Hasselbarth, A 169, 22), 
Deliquescent laminae — AgA* — BaA',2aq,-~* 
CoA'g 6aq — PbA'j 8aq — Sr A', 7aq 



BROMO-NITRO-TOLUENE SULPHONIO ACIDS. 


m 

VI Formed by nitrating (4,1,8) p bromo 
toluene sulphonio acid (H) Deliquescent 
needles — BaA',aq —PbA^g^ aq — SrA',6aq 

Di bromo nitre toluene di sulplionio acid 
CjHBrjCNojMe SO,H From p bromo toluene 
di Bulphomo acid and boiling fuming HNO, 
(Komatzki, A 221, 197) — KA'aq — BaA', 3|aq 
BROMO-NITEO-w-TOLBIC AClB OgH^rNO, 
%e CAMeBr(NOJ(CO;B) [176°] From 
bromo m toluic acid and HNO, (Fittig, A 147, 
84) ***“CaA^j 3aq *~BaA ^ 3aq 
Bromo ^tro p toluic acid 
C«H^eBr(NO,)(CO;S) [4 2x1] [200°] S 

•1 at 15° Formed by boiling bromo cymene 
(from thymol) with HNO, (S G 13) Lamin» 
— ^BaA's 4aq (Fileti a Crosa, O 16, 297) 

Bromo nitro-p-toluic acid 
CAMeBr(NO,)(CO,H) [4 3x1] [170°-180°] 

From bromo-p-toluio acid and fuming HNO* 
(Landolph, B 6, 268) Needles (from water) — 
BaA'.aq 

BROMO-NITRO-o-TOLBIDINE 

C^*Me(NH,)(NO,)Br [1 2 3 5] [139°] (W), 

[143°] (N a W ) Formed by nitrating bromo 
acetyl-o tolmdine, 0«H3Me(NBLA.c)Br [1 2 5], and 
removing acetyl (Wroblewsky, A 192, 206 , 
Nevile a Winther, C J 37, 431) Gives, by 
nitrous gas and alcohol, C,H,Me(NO^Br, [81°] 
whence C,H*Me(NH2)Br, [35°] 
Bromo-mtro-o-toluidine 

C*H*Me(NH*)(NO,)Br [1 2 5 3] [181° cor ] By 

brommating C*H*Me(NH*)(NO,) [1 2 3], [128°] 
(N a. W ) Converted by nitrous gas and 
alcohol into C8H5Me{N02)Br, [81°] whence 
0,H,Me(NH2)Br [36°] 

Bromo nitro>^toluidine 
C,H,Me(NH2)(N02)Br [1 3 6 6] [88°] Formed 

by mtrating bromo acetyl m toluidine, and then 
removing acetyl by H^S04 (2 vols ) and water 
(1 vol ) (Nevile a Winther, C J 87, 630) 
Bromo-nitro>m-toluidine 
C.H*Me(NH*)(NOJBr[1 3 2 6] [103°] Isformed 
in small quantity m the preparation of its iso- 
mende [181°] 

Bromo-nitro-m- toluidine r 
C.H2Me(NHj)(N02)Br [15 4 2] [181°] From 
the acetyl derivative by saponification 

Acetyl derivative [110°-121°] Formed 
by nitration of bromo acetyl m toluidine ^Nevile 
a. Wmther, C J 87, 444) 

Bromo-nitro-p toluidine 

C,H2Me(NH^)(N02)Br [14 3 5] [64 6°] Got by 
saponifying its acetyl denvative Orange needles 
Converted by mtrous gas and alcohol into bromo 
mtro toluene [86°] (c/ Hand, A 234, 157) 

Acetyl derivative [211°] From bromo 
acetal p toluidine and HNO, Or from acetyl p 
toluidine by successive nitration and bromina 
tion (N a W ) White needles (from alcohol or 
dilute acetic acid) (Wroblewsky, A 192, 202) 
Bi-bromo nitro-m toluidine 
C,HMep^H*)(NOa)Br* [16 4 2 6] [124°-130®] 

From tne acetyl denvative of bromo nitro m 
toluidine [181°] by heating with H^SO^ (2 vols ) 
and water (1 voL) and subsequent treatment 
with bromme (Nevile a. Winther, 0 J 87, 444) 
BROJCO-iriTBO^-XYISirS C AMe,(NO*)Br 
(S00°-865°) From bromo m xylene and cold 
fuming HNO* Liquid (Fittig, A 147, 81) 


Bi bromo -aitro-o xylene C^HMe^NOJBr. 
[1 2 3 4 6] [141°] Obtained by nitration oi 

di bromo-o xylene 0*H5j(0H,)3Br, [12 4 6] with 
cold fuming HNO, Colourless needles (from 
alcohol) (Tohl, B 18, 2661) 

Bi bromo nitro m xylene 0,HMe^(NOj,)Br,. 
[108°] From di bromo-w xylene and HNO,. 
Needles (F ) f’ 

Di bromo nitro p xylene C4HMe,(N04)Br,. 
[112°] From di bromo p xylene ana fuming 
HNO, (F ) Needles 

Di bromo di nitro o xylene C,(CH,)^f^(NO^), 
[1 2 4 5 3 6] [c 250°] Small needles Neaily 
insol cold alcohol Formed by nitration of di 
bromo o xylene C,H,(CHJ,^r, [1 2 4 6] (TOlil. 
B 18, 2561) 

BROMO-KITRO XYLENE STTLPHONIC ACID 

C,HMe;Br(N02)(SO,H) [13 6x4] From nitro- 
m xyhdine sulphonio acid by diazo reaction 
(Sartig, A 230, 341 , B 1€, 2190) Bhombic plates, 
V sol water and alcohol — BaA'jS^aq — KA'aq 

BROMO NONYLIC ACIB V Bromo ennoio 

ACID 

BI-BROMO-OCTADECANE C^H^jBr^. Octa^ 
decylene bromide [24°] Silvery plates SI 
sol alcohol Formed by the addition of Br (1 mol ) 
to octadecylene (Krafft, B 17, 1373) 
BROMO-OCTANE v Octyl BROMIDE 
Di bromo octane CyH,eBr, Octylcne bromide 
From Br and octylene derived from caar^or oil 
(Rubien, A 142, 297) or that from paraffin 
(Thorpe a Young, Pr 21, 193) Non volatile oil 
Tetra bromo octane CyHj^Br^ Caprylidene 
tetra bromide From bromo octylene and Br Oil 
BROMO-OCTONENE C„H,^Br (204°) From 
C-HiiBr. iv supra) and alcoholic KOH (R ) 
BROMO -OCTYL -BENZENE C,H4(C,H„)Br 
(285°-287°) Formed by bromination of octyl 
benzene Oil (Ahrens, B 19, 2719) 

BROMO OCTYLENE C^H.^Br (185°) From 
di bromo octane and alcoholic KOH (Rubien, A 
142, 297) With Br it gives an oily tn bromo 
decane 

Bi-bromo octylene C^H^Br^ S G iS 1 568 
Ccmylene bromide From conylene and Br 
(Wertheun, A 123, 182) 

BROMO OCTYL THIOPHENE 
C4SH2(C,H„)Br (285°-290°) Colourless oil 
solidifying to plates at 6° V sol ether, insol 
water Formed by shaking octyl thiophene with 
bromine water (Schweinitz, B 19, 644) 

BROMO OLElC ACIB C.^H^BrOj From di 
bromo steanc acid and alcoholic KOH (Over 
beck, ^ 140,47) 

Bi bromo oleic acid C,,H,,Br,0,* From 
stearolio acid and Br (0 ) 

BROMO OEClN C^;Me(OH)«Br [136°] 
From orcin and bromine water (Lamparter, A 
134, 258) Crystals , m sol hot water, v e sol 
alcohol and ether Solutions are ppd. by lead 
Bubacetate 

Bi bromo orein 
Methyl derivative 

C,H(OH,)rOMe)(OH)Br, [146°] White needlet. 
Prepared oy bromination of the mono methyl 
ether of orcin (Tiemann a Strong, B 14, 2002) 
Di methyl derivative 
C^(CH,)(OMe)^r, [160°] Colourless plates. 

Sol alcohol, etner, and benzene, insoL water 
and ligroin Prepared by bromination ot tha 
di methyl ether of orcin (B 14, 2001). 



BROM(M)XY-BENZOIO AOTO, 


Tri bromo.oroin C,(CH,)Br,(OH)j. [103°] 
From orom and Br (Stenhouse, Tr 1848, 87 , 
Laurent a. Gerhardt, A Ch [3] 24, 317 , Lam- 
parter, X 134,267, Hesse, A 117, 311, Sten 
house a Groves, A 203, 298) Is formed by 
heating penta bromo orcin with formic acid 
Needles , msol water, sol alcohol and ether 
Dtacet^f derivative [143°] White 
needles Foraed by the action of Ao^O on 
penta bromo orcin (Claassen, B 11, 1440) 

Penta bromo orcin CjHjBrjOj t e 
C^MeBrg(OBr)2 ? [126°] From orcin and excess 
of bromine water Tnclmic crystals (from CS^) 
At 160° it gives off Br^, leaving CjHjBrjOa (Sten 
house, A 163, 180 , Liebermann a Dittler, A 
169, 252) 

Broi{|io ^-orcm v Bromo betobcin 
DI BBOMO OXAL ETHYLIKE v Di bromo. 

METHYL ETHYL GLYOXALINB 

BBOMO OXINDOLE ^ Oxindolb 
BBOMO OXY ACBYLIC ACID Phenyl 
derivative CpH,BrOjic CHBr C(OPh) CO^H 
[138°] From phenyl oxy mucobromic acid 
CHO CBr C(OPh) CO,H and KOH (Hill a 
Stevens, Am 6, 190) Needles (from water) , 
V e sol alcohol and ether — KA' — BaA'j 6aq — 
CaA'j 6aq — AgA' 

BBOMO OXY AMIDO BENZOIC ACID 

Methyl derivative C,<,HgBrNO, le 
C„H^(OMe)(NH,)C02H [185°] Bromo amido- 
anisic acid From the corresponding nitro acid 
Needles, si sol water — CaA'2 52aq — BaA'3 2aq 
— HA'HCl [186°] (Balbiano, G 14, 245) 

BBOMO DI OXY ANTHBAQUINOKE 
C^H^rO^te C,4Hj02(0H)^r Bromo alizarin 
From sJizarm (3 pts ) and Br (^ pts ) m CSj at 
190° (Peikin, C J 27, 401) Tufts of orange 
needles, may be sublimed KOHAq forms a 
blue solution, exhibiting the same absorption 
bands as ahzar^ HNO, forms phthalic acid 
The same bromo alizarin, or an isomeride, is 
formed by treating tri bromo anthraqumone with 
KOH It melts at 280° (Diehl, B 11, 190) 
Bromo tn oxy anthraqumone 
C, ,H40,(OH)j^Br Bromo purpurin [276°] 
From Br and purpunn, or its carboxyhc acid, 
or by warming di bromo purpunn (v infra) 
with cone H3SO4 Bed needles (Plath, B 10, 
616, 1619 , Sohunck a Roemer, B 10, 654) 

IB 1,3,2) Di bromo oxy anthraquinono 
0,4^r,0 , 16 CJH4 (C,0,) C,HBr,(OH) [208°] 
Formed, together witn di bromo phenol by heat 
ing tetra bromo phenol phthalein with excess of 
H^SO^ at 160° (Baeyer, A 202, 136) Slender 
yellow needles , its alcoholic solution shows 
reddish fluorescence Its solution in alkalis is 
reddish brown NaOH at 200° gives alizarin 
Acetyl derivative Cj^HjAcBrjO, [190°] 
Di bromo di oxy anthraqxunone 
C,4H40,(0H)aBr, Di bromo alizarin [170°] 
Prepared by the action of Br in presence of I on 
alizarin Small browmsh red needles Com 
bines with mordants (Diehl, B 11, 190) 
Di-bromo-di-oxy-anthraqumond 
C,4H402(0H)^ry Di bromo purpuroxanthm 
[227°-280°] (P ) , [231°] (S a R ) From pur 
puroxanthin and Br (Plath, B 9, 1206) From 
munjistin and Br (Scnunck a Roemer, C J 88, 
424) Orange needles (from HO Ac) Warm 
oono H^S04 forms bromo purpurin 


Tri bromo tri ozy.anthraqvlnona 
C,4HjO,(OH),Br, Tri-bnmu> flavcpurpurin, 
[284°] From flavopurporin m HOAo and Br 
Orange needles Its alkaline solutions are orange 
(Schunck a Roemer, B 10, 1226h 
Tetra bromo.di oxy anthraqainone 
0,4Hj02(0H)jBr4 Tetra bromo alizarm. Prom 
alizarin and excess of iodine bromide at 180° 
Does not combine with mordants (Diehl, B 11, 
191) 

BBOMO 0 OXY BENZOIC ACID C^H^BrO,! e 

C^sBr(OH)CO^ [3 2 1] Bromo salicylic acid 
[184°] (L a G), [220°] (H a E ) From the 
corresponding bromo amido benzoic acid by ex 
change of NHj for OH (Hubner a Eramerling, 
Z 1871, 709) or from (3, 5, 2, 1) bromo amido 
oxy benzoic acid by eliminating NH, (Lellmann 
a Grothmann, B 17, 2725) Needles, v si sol 
cold water, v e sol alcohol Fe^Cl, gives a 
violet colouration — CaA'2 12aq v sol water — 
BaA'jS^oq prisms — PbA'j (H ) — PbC,H,BrO, 
Bromo 0 oxy-beuzoicacidC.H,Br(OH)(CO^H) 
[5 2 1] [166°] From salicylic acid and Br or 

PBrj (Gerhardt, A Ch [3] 7,217, Cahours, A 
Ch [3] 10, 341, 13,99, Henry, B 2,276, H a E ) 
Also from the corresponding amido m bromo- 
benzoio acid (H a E ) Needles (from water) 
Fe^Clj gives a violet colouration — BaA', 3aq — 
PbA'2 — PbC,H,BrO, — CuA', —AgA' 

Methyl ether Uek! [38°] (Henry) , [61°] 
(Peratoner, G 16, 405) (205°) From methyl 

sahcylate and Br or PBrj Trimetrio prisms or 
needles Coloured violet by Fe^Cl, 

Methyl derivative C4HjBr(OMe)C02H 
[119°] — BaA'jSaq — CaA'^daq — AgA'aq 
Methyl ether C,H^r(OMe)C02Me [40°] 
(296°) (P ) 

Ethyl derivative C4H5Br(OEt)CO,H 
[130°] — BaA', 4aq — CaA j 2aq Methyl ether 
C4H,Br(0Et)C02Me [49°] (301°) 

Propyl derivative CeH,Br(OPr)C02H. 
[62°] Methyl ether C,H,Br(OPr)C02Me 
(323°) 

Isopropyl derirafive CaH,Br(OPr)COjBL 
[101°] Methyl ether (304°) 

Bromo-p oxy benzoic acid Methyl derx^ 
vative C4H,Br((5Me)C02H [3 4 1] Bromo^ 
anisic acid [214°] [218° cor ] 

Formation — 1 From anisic acid and Bt 
(Laurent , Cahours, A 66, 311 , Salkowski, B 
7, 1013) — 2 By oxidising the methyl ether of 
bromo p cresol (Schall a Dralle, B 17, 2631) 
Properties — Needles, may be distilled or. 
sublimed Insol water 

Salts — AgA' —BaA'j 3 Jaq — BaA'jdaq — 
CaA'^6aq — CuA'j2Aaq — MgA.',5aq — NaA',2aq* 
— PbA'j 3aq — ZnA , 3aq 

Ethyl ether C4H.Br(0Me)(C0,Et) [74°] 
(Crespi, O 11, 419) 

Amide C,H^r(OMe)(C02NH,) [186°]; 
msol water 

Bromo-z>-oxy>b6nsoio acid Methyl dert- 
native 0 H3Br(0Me)C04H [212°] Ethylbromo 
anisate [74°] is converted into an isomende 
[60°] by heating with NaOEt at 180° for 20 
hours , on sapomflcation it yields the acid which 
orystaUises in needles, si sol water Potash 
fusion forms protocateohuic acid HNO, gives 
the methyl etoer of (2,4 ,6,1)- bromo -di- nitro- 
phenoL 

Salt -ZnA'gdaq (Balbiano, 0 11,4(M^. 
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Ethyl €ih$r EtA' [60°] (v supra) This 
add IS possibly identical with the preceding 
Bromo di oxy benioic acid Methyl deri- 
vative C«H2Br(OH)(OMe)CO,H [ar 4 3 1] 
Bnrmo vanillic acid [198°] From its acetyl 
derivative Needles (containing aq) Acetyl 
derivative C„H^r(0 Ac) (OMe)CO,H [167°] 
From acetyl vai^io acid and Br (MatsmotOf B 
ai, 138) 

Di methyl derivative 
0«H.iBr(OMe)^CO*H [a; 4 3 1] Bromo veratnc 
acid [184°] From veratnc acid and Br (M ) 
Methylene derivative 
C,H2Br(0,CH2)C02H or 0«H,(0 CHBr)CO,H 
Bromo piperonylic acid [205°] From bromo 
piperonal and KMn 04 (Fittig a Mielck, A 172, 
168) 

Bromo di oxy benzoic acid 

C«R^r(OH),CO;a [a; 13 5] [253°] From 

8 di oxy benzoic acid and bromine water (Barth 
a Senhofer, A 164, 115) Needles (containing 
aq) Potash fusion forms gallic acid Fe Cl,, 
gives a yellowish brown colour — CaA'g 8aq — 
AgaA" 

Bromo di oxy benzoic acid C„H^r(OH)^CO^H 
[a; 2 6 1] [184°, anhydrous] From c cU oxy 

benzoic acid m ether and Br (Zehenter, M 2, 
480) Prisms (containing aq) Fe^Clj gives a 
violet colour to its aqueous solution — AgA'aq 
BaA'j 7^aq — CuA'2 4^aq — PbA'^ 3aq — KA' l^aq 
Bromo tn oxy benzoic acid 
CgHBr(OH)sOO Bromo gallic aoid [above 
200°] From gaUic acid and Br (Hlasiwetz, A 
142, 250, Grimaux^iT 18b7, 431) Monoclmic, 
si sol water 

Di bromo>o•oxy•^benzol.e acid 

CJl2Br2(OH)C02H [5 3 2 1] Di bromo salicylic 
acid [219°] (E )^ [223°] (L a G ) From salicylic 
acid and Br or from (3, 5, 2,1) bromo amido sail 
cyhc acid by the diazo reaction (Cahours, A 
Ch [3] 10, 339 , 13, 102 , KoUwage, B 10, 1707 , 
Lellmann a Grothmann, B. 17, 2727) Gives 
a violet colour with Fe^Clfl Heated with dilute 
H2SO4 it gives (3,6,2) -di bromo phenol [3G°] — 
BaA'j4aq 

Methyl ether CJR^r (011)00^^.0 [140°], 
from methyl salicylate ana*i3r (Peratoner, O 
16, 405) Long needles, si sol alcohol 

Methyl derivative C^H2Br2(0Me)C02H 
[I940] —Salt BaA'j2iaq Methyl ether 
cjHjBr,(OMe)CO,Me [53°] , needles 

Ethyl derivative CBH2Br2(0Et) CO2H : 
[166°], white needles Methyl ether 
C,H2Br,(0Kt)C02Me [43°] , needles 
Di bromo-o oxy benzoic acid 
C.H2Br2(OH)C02H [4 3 2or6 1] [218°] From 

(4,3,1) di bromo benzoic acid [229°] by nitra 
tion, reduction, and diazotisation (Smith, B 10, 
1706) Gives a violet colour with Fe^Cl^ 

Di bromo>o oxy benzoic acid 
C,H2Br2(OH)C02H [221°] Formed as a by- 
product m converting (5,2,1) bromo mtro benzoic 
acid [^0°] into di bromo benzoic acid by the 
diazo reaclaon (Hubner a Lawrie, B 10, 1706) 
Fe^Cl* gives a violet colour 
Di-bronio-;P*ozy benzoic acid 
C^H^BrjCOHjCO^H [268°] Prom di bromo- 
anisio acid and oonc HI (Alecci, O 15, 242) 
One of the products of the dry distillation of 
■odium di bromo anisate (Balbiano, G 13, 69) 
hong needles, msoh water, sol alcohol and other 


FejCl* turns its solutions yellowish red Sodium 
amalgam forms jp-oxy benzoic acid — CaA^Saq 
Methyl derivative C«H2Br2(OMe)CO^ 
[3 6 4 1] Zh bromo-anisic acid [207°] (E ) , [214°] 
(C ) From anisic acid, Br, and water at 120° 
(Eeinecke, Z 1866, 3b6 , Crespi, G 11, 425) 
Converted by prolonged action of Br and water 
into tri-bromo-aniBol [87°] — NaA' 3#q — AgA' — 
BaA'24|aq Ethyl ether C,H (OMe)(CO,Et) 
[88°] , plates 

Di bromo di oxy benzoic acid 
C«HBr2(OH)2CO^ [214°] From {% 2, 1) di- 
oxy benzoic acid and Br (Zehenter, M 2, 475) 
Needles (containing aq) , m sol hot water 
Fe^Clj turns its solution violet , cone H^SO^ 
gives a green colour Heating with water forms 
di bromo resorcin — KA'3|aq — CaA'^^i^l — 
PbCTH^rp^ -CuA'a aq — AgA' 

Pi bromo tri oxy benzoic acid 
C«Br2(OH),COaH Di h%orno gallic acid [140°] 
(G ) , [150°] (E ) Fro^ gallic acid and Br 
(Onmaux, Z 1867, 431, Etti, B 11, 1882) 
FeaCl* gives a blue black colour m its aqueous 
solution 

Tn bromo o oxy benzoic acid 

C„HBr8(0H)C02H Tn bromo salicylic acid 
From Br and salicylic acid Small prisms, insol 
water (Cahours, A Ch [3] 13, 104) 

Tn bromo m oxy benzoic acid 
CaHBr,(OH)CO,H [147°] From m oxy benzoic 
acid (1 mol ) and Br (3 mols ) (Werner, Bl [2] 
46, 276) 

Tn bromo di oxy benzoic acid 
CaBrj(OH),CO^ [183°] From (5, 3, 1) di 
oxy benzoic acid and Br (Barth a Senhofer, A 
159, 225) Tables (from water) Potash fusion 
reproduces s di oxy benzoic acid 

BROMO 0 - OXY BENZOIC ALDEHYDE 
CyH^BrO le CaH8Br(OH)CHO Bromo sail 
cyhc aldehyde [99°] From salicylic aldehyde 
and Br or PBr^ (L6wig, P 46, 57, 383 , Pina, 
A Ch [2] 69, 281 , Henry, P 2, 275) Laminte, 
insol water, sol alcohol and ether Combines 
with KHSO, 

Methyl derivative CaH8Br(OMe)CHO 
[114°] From methyl salicylit aldehyde and Br 
(Perkin, A 146, 304) Flat prisms (from alcohol) 
Ethyl derivative CaHjBr(OEt)CHO 
[68°] , prisms 

Bromo p oxy benzoic aldehyde 

CaH8Br(OH)CHO [180°] Fromjo oxy benzoio 
aldehyde and Br V sol alcohol and ether, v 
b 1 sol water Combines with KHSO, (Herzfeld, 
B 10,2198) 

Di bromo-o oxy benzoic aldehyde 

C8H2Br^(OH)CHO Di bromo salicylic aldehyde 
Prisms From salicyhc aldehyde and Br (Heerlein, 
J pr 32, 65) 

Phenyl hydrazide 

C,H^r2(OH)CHN2HPh [148°], v sol alcohol, 
benzene, ether, and CHC1„ insol water The 
mono acetyl denvative C8EyBr2(OAo)CH NjHPh 
forms fine needles [188°], nearly insoluble m ether 
Thedi acetyl denvativeC4H^r2(OAc)CH N^AcPh 
crystallises m white needles, [158°], easily soluble 
m ether, it is formed by brominating the di 
acetyl derivative of the phenyl hydrazide of 
salicylic aldehyde (Eossmg, B 17, 8008) 
Di-bromo p oxy benzoic aldehyde 
C„H^r^(OH)CHO [181°] From p oxy benzoio 
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lildehjde (1 mol ) and Br (2 niols ) (Werner, Bl 
[2] 46, 277) 

BBOMO OXY BOTYBIC ACID 0,H,Br0, 
n 02®] From di bromo butyric acid and baryta 
LaminaB (Petneff a Eghis, J B 7, 179) — 
BaA', — AgA' 

Bromo-oxy butyric acid 

CH, CHBr CH(OH)CO,H or 
CH, CH(0H7 CHBr CO^H An uncrystallisable 
syrup obtained as a residue when a)8 di bromo 
butyric acid is distilled with water (C Kolbe, J 
pr 133,389, c/ Erlenmeyer a Miiller, B 16,49) 
Bromo-oxy butyric acid 

CHg CHBr CH(OH) CO,H or 
CHj CH(OH) CHBr CO,H [90°J From 3- 

methyl-glycidic aoidO<^^g^Q^ and HBr 

(Melikotf, Bl [2] 43, 116) Prisnis Probably 
identical with the preceding 
Bromo oxy iso but 3 njo acid 
CH^Br C(OH)Me CO^H ^101®] Formed by boiling 
di bromo iso butyric acid with water, and ex 
tracting with ether (K ) Also from HBr and 

o methyl glycidic acid jj Needles , 

sol hot benzene, insol CHCI3 and CS^ Not 
affected by boiling water Reduced by the action 
of sodium amalgam on its aqueous solution, kept 
neutral by H^SO^, to oxy iso butyric acid, [79®] 

BEOMO OXY CINNAMIC ACID v Bromo- 

OOUHA^O ACID 

BEOMO (B 4) OXY {Py 4) ETHYL QUINO- 
LINE TETRA HYDRIDE CaH,Br(OH)EtN 

Ethyl ether [36®] , long monoclinic prisms, 
a 6 c =* 0 7902 1 0 6828 Formed by brommation 
of ethyl kairme (ethyl ether of oxy ethyl quino 
line tetra hydride), or by ethylation of the ethyl 
ether of bromo oxy qumohne tetra hydride The 
picrate forms yellow needles [174°] (Fischer a 
Renouf, B 17. 762) 

DI BROMO CXT INDONAFHTHENE 

CjH^BrjO i e CaH^<^^g^^CBr Phenylene di 

bromo acetylene "ketone [123®] Obtained by heat 
ing di bromo cinnamic acid CJS, CBr CBr CO^H 
with cone H^SO^ ^ Yellow needles 

Oa;^mC9H^Br2(NOH) [195®] , yellow needles 
Anilide [170°] , red needles 
Dt bromide CgH^OBr^ [124°], pnsms 
(Roser, B 20, 1273) 

BROMO OXY MALEiC ACID Phenyl den- 
vative CO,H CBr C(OPh) CO^H [104°] From 
the pheffyl derivative of oxy mucobromic acid 
and AgjO (Hill a Stevens, Am 6, 187) Needles 


p BEOMO » OXY MESITYLENE C,H„BrO 
ie C;a2(CH,)2Br(CH2 OH) [6 3 4 1] p Bromo- 
mesityl alcol^l [66°] Obtained from p » di- 
bromo mesitylene (p mesityl bromide) by treat- 
ment with KOAc and saponification of the 
acetate Pointed needles V e sol alcohol, 
ether, and benzene, si sol cold petroleum ether, 
insol cold water Decomposes on distillation 
with separation of H^O and formation, amongst 
other products, of p bromo mesitylemc aldehyde 
CjH,jCH,)2Br(CHO) By oxidising agents it is 
rcNEbdily converted into p bromo mesitylemc acid 
[214®] (Schramm, B 19, 213) 

eso-Bromo di 0 x 7 mesitylene 
O.H^r(CH,)(CH 20 H)„ [121®] S 3^ at 100® 

From the eorresponding in bromo mesitylene 


(200°-216°) by boiling with water and PbCp, 
(Colson, A Ch [6] 6, 98 , C B 97, 177) 
Pearly scales , v si sol cold water, m sol alco- 
hol Boiling HClAq forms 0jH2Br(CH,)(CH2Cl), 

[ 76 '^] 

BEOMO OXY /8 METHYL CDMAEILIC ACID 
(i) 

0.H3Br(0H)<;^™)®^CC02H [221®] Formed 
^ 0 / 

by boihng bromo 0 methyl umbelliferon di- 
CMeBr CHBr 


bromide CjH2Br(OH) 




with alco 


\o CO 

holic KOH Colourless needles V sol alco 
hoi and ether, si sol benzene, insol water 
Cold H2SO4 gives a colourless solution which 
becomes violet on heating Fe^Cl, gives a 
yellow colouration with the alcoholic solution 
(Pechmann a Cohen, B 17, 2134) 

BROMO OXY METHYL ETHYL PYEIMID- 

IKE CjH, Formed 

by brommation of oxy methyl ethyl pyrimidine 
Long colourless glistening needles 81 sol water 
C H8N2Br(OH)aq very soluble long white needles 
(Pinner, B 20, 2362) 

BROMO OXY DI METHYL PYRIMIDINE 

CH3 C<^ C(Ch\^^^^ Formed by bromina 

tion of oxy di methyl pyrimidine The hydro 
bromide (B'HBr) forms colourless needles, m 
sol water, v sol alcohol (Pinner, B 20, 2361) 

ixi^^ 2,3,1) BROMO OXY METHYL QUINOL- 

vCMe CBr 

Cj^HaNOBr i e 1 ? Bromo 

\n COH 

oxyquinaldiney or bromo quinoxyl [0 268®] 
Formed by the action of cold cone H^SO. 
upon the anilide of bromo aceto acetic acid 
CH, C(OH) CBr CONHPh Also from (Py 3, 1) 
oxy methyl quinoline and bromine water (Knorr, 
B 17, 2875 , A 236, 91) Fine silky needles 
SI sol alcohol, ether, and chloroform Dis- 
solves in aqueous ^ids and alkalis 

Tn bromo (Py 1 ) oxy (Py 3) methyl quinol- 
ine C,H MeBr3(OH)N [275®] Formed by 
brommation of (Py 1, 3) oxy methyl quinoline 
Insol alcohol (Conrad a Limpach, B 20, 949) 
Bromo (Py 3)-oxy (Py 1,4) di methyl quinol- 
ine C,,H„,BrNO B? omo methyl lepidone [172®] 
From the corresponding oxy dimethyl quinoline 
and bromine water (Knorr, A 236, 110) Spheri- 
cal aggregates of needles (from alcohol) Insol 
water and NaOHAq, v sol dilute acids 

BEOMO OXY (a) NAPHTHOIOANHYDEIDE 
yCO 

0„H,BrO,ic CjoH4Br<^| [192®] Formed by 

brommation of oxy naphthoic anhydride 
CO 

dissolved in CS,. Small white 




needles (Ekstrand, B 19, 1139) 

Bromo oxy (a) naphthoquinone 

< CO C(OH) 

B [197®] 

CO CBr 

Formation —1 From di bromo-(a)-napIi1iho> 
qinnoTie [161°] by boiling with aqueous KaOH 
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or NaDO, , the yield being 60 p c of the theo 
retioai (Ihehl a Merz, B 11, 1064) — 2 From 
oxy-(o) naphthoquinone and Br — 3 Prepared 
by the action of ^ooholio H,S 04 on di bromo (a)- 
naphthoquinone anilide, p bromo aniline being 
simnltaneously produced (Baltzer, B 14, 1901) 
4 By the action of alkali upon bromo /3 naph- 
thoquinone (Zinoke a Gerland, B 20, 1516) — 
6 By boiling bromo amido (a) naphthoquinone 

With dilate alkaUs (Z) — 
6 From bromo oxy (a) naphthoquinone imide 
®*^‘<C(NH) byboilmgwithoono HClor 

by treatment with alcoholic NaOH (Z ) 

Properties — Yellow needles , v si sol water, 
si sol ether, y sol alcohol Oxidation gives 
phthalic acid 

Salts KA'aq red needles — BA'* S 07 
at 13° — AgA' 

Bromo-oxy (o) naphthoquinone [202°] From 
the anihde [197°] of di bromo naphthoquinone 
[218°] by boiling with aqueous Na CO, (Miller, 
Bl [2] 43, 125) Oxidises to phthalic acid , it 
should therefore be identical with the preceding 
BBOKO OXY - (a) NAPHTHOQUINOmS - 

< CO — C(OH) 

I [0 265°] Formed 

C(NH) CBr 

by boibng bromo amido (o) naphthoquinone 
inude with dilute NaOH 

Formed also by the action of NH, upon bromo 
(3) naphthoquinone Brownish red glistening 
needles By boiling with cone HCl or by treat 
ment with alcoholic NaOH it is converted into 
bromo oxy (o) naphthoquinone The sodium 
salt forms red needles , the salts of the heavy 
metals are spanngly soluble pps 

Acetyl derivative [270°], red hair like 
needles (Zincke a Gerland, B 20, 1614) 

BBOMO - OXY BAPHTHOQUINOKE BTTL- 
PHOBIC ACID O.oH^BrSOfl le 
C,„H,0^r(OH)(SO,H) From (/3) naphthol sul 
phonic acid and Br, di bromo oxy naphtho 
qumone bemg also formed^ in small quantity 
(Armstrong a Graham, C J 39, 138 , Arm 
strong a Streatfeild, G J Proc 1, 232) — 
BaC.^IfBrSO* 

BBOMO-OXY-BICOTIBIC ACID v Bromo- 

oxy PYRIDINE CARBOXYLIC ACID 

BBOMO-OXY-OCTOIC ACID C«H,jBrO, te 
CH, CHBr CH, CH(CO^) CH, CH(OH) CH, 
Bromo-oxy-dt propyl-acetic acid 

^CH^ CH CH( 

Dactone CHg CHBr CH 2 .CH<f I 
\ COO 

S G 1 894 From di allyl acetic acid and 
HBr, the compound fCHj CHBr CH 2 ) 2 CH CO^H 
being probably first formed (Hjelt, A 216, 73) 
Oil Insol cold water, v si sol warm water 
Insol cold NaOH Boded for a long time with 
water or aqueous NajCO, it appears to form the 
XHj CHMe 

lactone CHj CH CH^-CH-^^ j v Oxy- 

\ COO 

OCTENOIO ACID 

Tri-bromo ozy-oetoie aoid Lactone 
CILBr 

CH3rCHBrCH,CH< | From 

\coo 


di allyl-acetio acid and bromine in chlorofonsf 
(Hjelt, A 216, 7^ Oil V sol ether InsoL 
cold NaOHAq Boiled with aqueous Na,C02 it 
forms (CH,(OH) OH(OH) CH 2 ) 2 CH CO,Na. 

Tri-bromo-di-oxy ootoio aoid Lactone 
OsHi,Br,0, t e 

CHjBr CHBr CH, C(OH) CH* CH(CH 2 Br) 0 CO 

1 ! ^ ' 

From so called ‘ di allyl oxalic acid ^and bromine 
(t? Oxy octinoio acid) (Schatzky, J pr [2] 
84, 486) 

Tetra bromo oxy ootoic acid C^HijEr^O, t e 
(CH *Br CHBr CH 2 ),C(OH) CO^H From so 

called ‘ui allyl ox^c acid’ and Br (Saytzeff, A 
185, 189) Oil readily splits up into HBr and 
the preceding lactone 

Ethyl ether EtA' Oil (Schatzkj, J R 
17, 73) 

DI - BBOMO - HEXA . OXY - DIPHEBYL 

Methyl ether Cj 2 H 2 Bf 2 (OMe)„ [140°] From 
the methyl ether of heM oxy diphenyl and Br 
(Ewald, B 11, 1623) Needles (from alcohol or 
HO Ac) , cone H^SO^ forms a blue solution 

Tetra bromo di oxy diphenyl CijH^r^O* i e 
C,H*Br,(OH) C«H*Br 2 (OH) [264°] From di 
oxy diphenyl and Br (^Magatti, B 11, 2267 , 13, 
225) Also by reduction of bromo rosoqumone 
(Baeyer, B 11, 1301) Fuming HNO, forms 
brovTiish red scales of (C^H^BrjO)* ‘ Tetra- 
hromo-diphenyl quinone ’ 

Acetyl derivative CjjH^AcjBr^O^ [246°]; 
needles 

Tetra bromo tetra oxy diphenyl 

C, 2 H*Br 4 (OH )4 Tetra bromo dvresorcin From 
tri bromo resoquinone CuHBr 302 (?) and HjS or 
Sn and HCl Needles (from HO Ac) Turns brown 
at 230° and decomposes at 280° Insol water, 
V sol alcohol and ether Sodium amalgam 
gives diresorcin Bed hot zinc dust gives di 
phenyl 

Acetyl derivative 0,2H2Br4(OAc)4 
[195°] , needles (from alcohol) (Benedikt, M 1, 
352. B 11, 2170) 

Deca bromo tetra oxy diphenyl C,jBr 3 (OBr )4 
Formed by adding Br and HCl to a solution of 
diresorcin in aqueous potash ^ienedikt a Juhus, 
M 5, 179) Unstable crystals, gives off Br 
(2 mols ) at 186° SO* reduces it to C, 2 Br„(OH) . 

BBOMO p-OXY-PHEBYI-ACETYIEBE 
Methyl derivative C.H,Br(OMe) C»CH 
[76°] Formed by heating the methyl derivative 
of tn bromo p oxy phenyl - propionic acid 
C«H»Br(OMe) CHBr CHBr CO^ with aqueous 
EOH (30 p 0 ) Plates Gives an unstable 
greenish yellow compound with ammomacal 
CuCL (Eigel, B 20, 2638) 

DI-BBOMO-DI-OXY-DI-PHEBYL-AMIBE 
C.H4(0H) NH CABr^-OH [4 6 2 1] Leuco-du 
hromo-^uvnone phenol imtde [170°] Colour- 
less prisms. V sol all ordinary solvents, except 
water Formed by reduction of di bromo-quin- 
one phenol-iimde (MOhlau, B 16, 2848) 

a $ es o - eso - ^TBA- BBOMO o OXY 
PHEBYL BXTTYBIC ACID Methyl denvatwe 
C,H2Br,(0Me) CHBr CMeBr CO*H [o 200°] 
From (a) or (3) methoxy phenyl crotonic acid 
and bromme vapour (Perkm, C J 89, 484). 
Crystallme powder (from chloroform) 

Tetra-bromo-di oxy-di phenyl methane 
0„H»Br A t e CH 2 (C,H 2 Br,.OH),. [225°] From 
di oxy di phenyl methane and bromine water 



BROMO-O^ty-PHENYL-PROPIONIO ACID. 


603 


In ethereal solution it forms an unstable crystal- 
line oomponnd with hydnc bromide C,,HJ3r.Oa 
(Beck, B 10, 1837) 

BEOMO-OXT-PHEHYI-METHYL PYBAZOLB 

Drowo phenyl methyU 

pyrazolone [c 130°] From oxy phenyl-methyl 
pyrazole aiM Br in glacial acetic acid (Knorr, A 
238, 176) Sol alkalis, and dilute acids , insol 
water SI sol ether, v sol glacial HOAo and 
chloroform. In alcoholic solution it slowly 
forms pyrazole blue Fe 2 Clj forms pyrazole 
blue 

Di-bromo-oxy-phenyl methyl pyrazole 
C.AN.OBr.,« Dibronio 

phenyUmethyl pyrazolone [80°] From oxy- 
phenyl methyl pyrazole (Ipt ) and Br (2 pts ) in 
acetic acid solution (Knorr, A 238, 177) Sol 
alcohol, HOAo, ether, dhd CHClj , insol water, 
alkalis, and acids Ifot attacked by Fe^Cl, 
Beduoed by Sn and HOI or fuming HI to oxy- 
phenyl methyl pyrazole 

BBOMO OXY PHENYL METHYL PYBIMID 

INK C..H.N^rO C.H. 

[260°] Formed by bromination of oxy phenyl 
methyl pyrimidine Glistening needles (Pinner, 
B 20, 2361) 

BtfOMO 0 OXY PHENYL PBOPIOUC ACID 

Methyl derivative 

C,H 3 (OMe)Br C 0 CO,H [168°] (with decom 
position) From the methyl derivative of tri 
bromo oxy phenyl propionic acid {q v ) Short 
white needles (from benzene) 

BBOMO- 0 OXY $ PHENYL PEOPIONIC 
ACID C.H,BrO, i e 03 H,Br(OH) CH,CH^,CO,H 
Bromo melilotic acid [142°] From its anhy 
dride by boiling with water Bectangular tables 
(from chloroform) Sol alcohol, si sol water 
Changes on melting into its anhydride 

Anhydride <^aH 3 Br<^Qjj^jj^CO [106°] 

From melilotic anhydride and Br in CS^ m the 
cold (Fittig a Hocbstetter, A 226, 361) Thick 
prisms (from chloroform) Bromine is not taken 
out by boiling alkalis Sol alcohol and chloro 
form, si sol CS,. Slowly converted by boiling 
water into bromo melilotic acid 

a Bromo /3 oxy jS phenyl propionic acid 
CA CH(OH) CHBr CO^ [122°] , [125°, an 
hydrous] From di bromo )3 phenyl propionic 
acid by boilmg with water (Glaser, A 147, 84) 
Thm laminsB (containing aq) Boiled with very 
dilute Na-CO, it gives phenyl acetic aldehyde • 
Ph CH(OH) CHBr C0;H - 
PhCH CHCO,H + HBr- 

PhCH.CH(OH) + HBr-. 

6 CO 

Ph CH CH OH + CO, + HBr - 
Ph OH, OHO + CO, + HBr 
The yield is 75 p o of the theoretical, but some 
phenyl-glyoeno acid is also formed 

PhOH OH.OO,H + HaO- 

\o/ 

Ph CHfOH) CH(OH) CO^H 
(Erlesmeyer, B 13, 308) Balt — AgA', 


i3/9-Bromo a-oxy-a-phenyl-proplonle acid 

CHBr, CPh(OH) CO,H Di bromo atroiaetih 
acid [167°1 Prepared by dissolving di-bromo> 
pyruvic acid and benzene m cold H,804. Long 
needles or four sided tables. Sol benzene and 
CS„ si sol cold water By boiling with water 
it decomposes into CO,, HBr, and w brom- 
acetophenone (CgHj CO CH,Br) On reduction 
it gives atrolactic acid (BSttmger, B 14, 1235). 
Bromo di oxy phenyl propionic acid 
Methylene ether CjoH^BrO* or 

CH, <^>03H,Br CH, CH, CO,H Bronu^ 

pipero propionic acid [140°] From sodium 
bromo-()8) hydro piperate and KMn 04 (Wein- 
stein, A 227, 44) Monoclmic crystals (from 
ether^ sol alcohol, si sol water — CaA'- 
Di bromo o oxy phenyl propionic acid 
O^HgBrjOs Di bromo melilotic acid [116°]. 
From melilotic acid and Br (Zwenger, A Suppl 
6, 116) Needles, may be distilled — BaA'.Saq 
a j3 Di bromo o oxy phenyl propionic acid. 

Di bromide of coumaric acid 
Methyl derivative 
C,H,(OMe) CHBr CHBr CO,H [162°] 

S (CHCl,) 2 7 at 17° From the methyl Priva- 
tive of coumaric acid CrtH 4 (OMe)CH CH CO,H 
and Br V sol ether Decomposed by aqueous 
alkalis With bromine vapour it gives nse to 
C„H,Br,(OMe)CHBr CHBr CO,H [c 202°] Crys 
tals (from benzene) (Perkin, C J 39, 420, 
Fittig a Ebert, A 216, 157) Strong potash 
(1 1) forms C,H,(OMe)C,HBr CO,H [171°]. 

Di methyl ether 
C,H 4 (OMe)CHBr CHBr CO,Me 

o) compound [125°] S (CSJ 3 4. 

)8) compound [68°] S (CSJ 4 
These two compounds are form^ together by 
acting on the isomeric methoxy phenyl acrylates 
of methyl with bromme in CS, But the (o) 
isomeride gives chiefly that melting at 125° 
while the (/8) isomeride forms chiefly the other 
(Perkin, C J 39, 424) Alcoholic potash con- 
verts both into methoxy phenyl biomo aery ho 
acid 

Ethyl derivative 

C.H 4 (OEt) CHBr CHBr CO,H [155°] S (CS,) 
1 03 at 18° From the ethyl derivatives of 
coumaric and of coumarinic acids by Br (F a E )• 
Small crystals (from CS,' 

Di-ethyl ether 

C,H,(OEt)CHBr CHBr CO,Et [78°] From 
C,H 4 (OEt)CH CH CO,Et and Br in CS, (P ) 
eso Di-bromo p oxy 3 phenyl propionic acid 
HO CjH,Br,,CH, CH, CO,H Di bromo hydro- 
p coumaric acid [108°] From aqueous hydro- 
p ooumanc acid and cold bromme water (St5hr, 
A 225, 64) Needles (from acetic acid) 

Salts — (NH4),C,H^r,0, — Ag,C^,Br,0,. 
a$ Di bromo-j^xy phenyl-propionic acid 
C.H4(0H) CHBr CHBr 00,H jp - Coumano- 
acid di bromide 

Methyl derivative 

C^tOUe) CHBr CHBr CO,H [149°] , colour- 
less crystals. Formed by combination of the 
methyl derivative of p coumaric acid with Br 
Di-methyl ether 

0,H4(OMe) CHBr CHBr CO,Me i [118°] , nu 
sol ether and chloroform Formed com- 
bination of the di methyl ether of p conmanc 
acid with bromme When boiled with aqueous 
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potash solution (30 p c ) it is converted into 
the methyl derivative of w bromo p- vinyl pheno 
C*H4(OMe) CH OHBr (Valentmi, G 16, 424 
Eigel, B 20, 2536) 

Di- bromo di-eso oxy aa-di phenyl-propionic 
acid 0,»H,^r,04 Di bromo di phenopropiontc 
atiid Formed by bromination of di pheno pro 
piomo acid CH, C{CaH40H)2 COaH Amorphous 
powder Sol alcohol, insol water 

D%-acetyl derivative C,jH,oBrj(OAc)20j, 
insoluble hght yellow powder (Bdttinger, B 16, 
2073) 

Tri bromo p ozy phenyl propionio aoid 
CaH3Br(OH) CHBr CHBr COaH Btomo p- 
coumartc acid-di-bromide [188°] Obtained 
by the action of bromine upon p coumano 
acid Needles By alcoholic KOH it is con- 
verted into tn - bromo - oxy ethyl benzene 
0,H,Br(0H) CHBr CHaBr 
Methyl derivative 

C„H,Br(OMG) CHBr CHBr CO H • [1G2°] . 

nee^es Formed by the action of bromine 
upon the methyl derivative of p coumaiic acid 
C,H^{OMe) CH CH CO H By heating with 
aqueous KOH (30p c ) it is converted into bromo 
methoxy phenyl acetylene C<,HaBr(OMe) C CH 
(Eigel, B 20, 2634) 

o-a /8 tn bromo-o oxy phenyl propionic acid 

Methyl derivative 

0,H,Br(OMe)CHBrCHBrCOaH [185°-188°] S 
(chloroform) 42 From methyl o coumaric acid 
and bromine vapour (Perkin, C J 39, 417) 
White nodules (from benzene) 

Boiled with sodium acetate it gives off COj 
formmg the methyl denvative of o exo dibromo 
o vmyl phenol, CyH3Br(OMe)CaHaBr, a viscid 
oil Strong KOH (1 1) gives the methyl deriva 
tive of bromo oxy phenyl propiolic acid {q v) 
Tetra-bromo o oxy phenyl propionic acid 
Methyl derivative 

C ABr,(OMe) CHBr CHBr CO^H. [202°] From 
the precedmg and Br (P ) 

DI - BBOMO - DI - OXY - DI - PHENYL SUL- 
PHIDK S(C3H,BrOH)a [173°] From p 
bromo-phenol and SCI, in CSj (Tassman, O 17, 
91) Amorphous, reduce^ by zinc dust to 
S(C,H,OH)a. [128°] 

DI BBOMO DI OXY DI PHENYL -SDL. 
PHONE Di methyl derivative 
SO.(C,H3(OMe)Br)a [166°] From SO (C„H, OMe), 
and Br Small plates, v soL boiling alcohol 
(Annaheim, A 172, 48) 

Dimethyl-derivative SO^(C,H,(OEt)Br),. 
[183°] 

Di-isoamyl derivative 
S03(0A(0C,H..)Br)2. [100°] 

Tetra-bromo-di oxy di phenyl snlphone 
SO,(C^rj.OH)3 [279°] From di oxy di 
phenyl snlphone and Br Thick monoclimo 
pnsms (from alcohol) 

TETkd - BBOMO - OXY - PHENYL- VALERIC 
ACID Methyl derivative 
C,H2Br2(OMe)CHBr CEtBr CO^H [169°] From 
(a) and (jS) methoxy phenyl angelic acids and 
bromme vapour Crystallised from light petro- 
leum (Perkm, C J 39, 437) 

Di-bromo di-ozy phenyl valeno acid 
Methylene derivative C,3H,,Br304 

CiH^Brj CO,H Di bromo piper- 
hydronic aad [13C°-140°] From (a) hydro 


pipenc acid and Br (Fittig a Mielck, A 172, 159: 
Wemstem, A 227, 83) Warm NaOHAq gives 
pipeno acid Sodium amalgam gives hydro 
pipeno acid 

Tetra bromo di-oxy-phenyl valerio acid 

Methylene derivative 

CH3<'^>C«H, CHBr CHBr CHBr^HBr CO,H 

Tetra bromo piperhydronic acid [160°-165°] 
From pipeno acid and Br (F a M ) Alkalis 
give HBr and piperonal CHaO^ CgHj CHO Boil- 
ing water produces HBr and ‘di bromo piper 
inide * C,2H3Br204 [136°] , this body crystallises 
from alcohol in prisms, insol water and alkalis, 
converted into piperonal by boiling aqueous 
Na CO, Further treatment with water con 
verts di bromo piperinide into bromo oay piper- 
inide Cj^HjBrOi [132°], which separates from 
alcohol in monochmo crystals, insol aqueous 
NajCO, • 

BBOMO DI OXY PHffHALIDE Di methyl- 
derivative CioHaBrO^ic 

C.H,Br(OMe),<^^ >0 [x 6 6 J] 

Bromo pseudo meconine [142°] White floccu- 
lent solid (Salomon, B 20, 887) 

BBOMO OXY PIPEBINIDE v Tetiu bromo- 

DI OXY PHENYL VALERIC ACID 

a BBOMO )8 OXY PBOPIONIC ACID 

CJl.BrO, le CH,(OH) CHBr CO^H Fromo- 
hydracryhc acid Formed by warming silver 
aj8 di bromo propionate with water (Beckurts a 
Otto, B 18, 236) Syrup , converted by moist 
AgjO into glyceric acid Salt — ZnA'j 
3 Bromo a oxy propionic acid 
CH2Br CH(OH) CO^ ^ Bromo lactic acid 
[90°] From oxy acrylic acid and HBr (Melikoff, 
B 13, 968) Prisms (from ether) , miscible 
with water 

Diethyl ether CH2Bri:3H(OEt) COjEt 
Prom CH^Br CHBr CO^Et and NaOEt (Michael, 
J pr [2] 35, 136) 

a)S Di-bromo a oxy propionic acid 
Cn^Br CBr(OH) CO^H Di bromo lactic acid 
[98°] From acrolein dibromide and cold dilute 
HNO, (Linnemann a Peni, B 8, 1101) 

Di bromo o oxy propionic acid 
CHBrj CH(OH) CO^H Di bromo lactic acid 
From the nitrile and HClAq Syrup 

Nitrile CHBr, CH(OH) CN From di 
bromo aldehyde and HCN Oil (Pinner, A 
179, 71, B 7, 1501) 

Tn bromo oxy propionic acid 
CBr, CH(OH) CO^H Tn bromo lactic acid 
[143°] From bromal, HCN, and HCl (Pinner, 
B 7, 1601 , Wallach, A 193, 60) 

Ethyl ether EtA' [46°] , prisms 
Nitrile CBr,CH(OH)CN From bromal 
hydrate and cone HCNAq Prisms, v sol water. 
Tn bromo-ethylidene ether v Bbo- 

MALIDE 

Tn chloro ethylidene ether 
CC]^CH(C,HBr,0,)2 [134°] Formed by heating 
tho acid with chloral 

DI BBOMO DI-OXY-FBOFYL BENZENE r 

Bbomo euoxmol. 

Di-bromo-tri oxy-propyl-beniene Di-bromo 
propyl-pyrogallol 

Di-methyl denvative OjjH^BrjO, La. 
0.(0,H,)Br,(0H)(0Me)y [109°] Acetyl den- 
vative C,(C,H,)W3(OAc)(OMe), [102°J 
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Methyl Si-acetyl derivative 
C,(C,H,)Br,(OAc)3(OMe) [79°] These com- 
pounds are formed by brommating the corre- 
sponding derivatives of tri oxy propyl benzene 
(Hofmann, B 11, 831, Brezina, M 4, 492, 
Pastrovich, M 4, 185} 

DI BROMO DI OXY DI- PROPYL MALONIC 
ACID (CHBr CH(OH) CH2)aC(COaH)3 
Di lac\ne 


CHjBr CH CHj. CH CH^r 

ico ><00 I 


[130°] 


Prom di allyl maloiiic acid m glacial HOAo by 
Br (Hjelt, B 16, 625 , A 216, 61) The tetra 
bromide (CH2Br CHBr CH2)2C(C02H)2 is first 
formed, but splits off 2HBr Small plates (from 
alcohol) In sol cold water, si sol boiling 

water, V sol warm alcohol, si sol ether 
When boiled with baryta it ought to form 
Ba(C02)2C(CH2 CH(OH) CH20H)2 but this splits 
off BaCOg forming the Actomo acid 
GHjOH CH CHgv • 

I >CH CH2 CH(OH) CH2OH 

O-CO / 


DI BROMO OXY PYRIDINE C.HgBrjNO t e 
CaH2Br2(OH)N Prepared by heating piperidine 
with Br and water to 200° (Hofmann, B 12, 984) 
Glistening scales SI sol water, ether, and 
alcohol Sol aqueous acids and alkalis — 
(B'HCl)2PtCl4 long needles — CjHjAgBrjON 
white^p 

Methyl derivative [193°], longneedles 
Di bromo oxy -pyridine CaH2Br2(OH)N 
[207°] Long white needles Formed by add 
mg bromine water to a solution of oxy pyridine 
[107°] (Konigs a Geigy, B 17, 691) 

Di bromo oxy pyridine CaH2Br3(OH)N 
[0 200°] Formed by the action of bromine- 
water upon (iS) oxy pyridine [125°] Colourless 
needles V sol water and alcohol, nearly insol 
benzene FCaGla gives a violet colouration 
Salts — B'HBr small white silky needles 
B'jHjSO^* easily soluble plates — B'2H3C20 * 
needles si sol alcohol The picrate forms yel- 
low needles (Fischer a Renouf, B 17, 1898) 
BROMO - OXY PYRIDINE CARBOXYLIC 
ACIDCgH2N(Br)(CrH)C02H[l a: 2 6] Bromo oxy 
nicotinic acid [296°] Obtained by saponifica 
tion of the methyl ether, which is formed by the 
action of aqueous NH, upon the methyl ether of 
biomo cumalio acid SI sol hot water, nearly 
insol ether, alcohol, and acetic acid 

Methyl ether C4H2N(Br)(0H)C02Me 
[222°] Slender ghstemng needles Sol hot 
water and hot alcohol 

Phenyl derivative of the methyl ether 
CjH2N(Br)(0Ph)C02Me [183°] Formed by the 
action of anihne on the methyl ether of cumalio 
acid in alcoholic solution Distils without de 
composition , white glistening needles, sol al 
cohol and ether, insol water (Pechmann a. 
Welsh, B 17,2398) 

DI BROMO OXY QUINOLINE 
CgH4Br2(OH)N [195°] Prepared by the action 
of bromine water on a solution of oxy quinoline 
(Bedall a Fischer, B 14, 1367) Wb te silky 
needles Sol alcohol, ether, benzene, CSj, nsol 
water, ligroin, and dilute acids 
V also Beomo-carbosttril 
BROMO -(B 4) -OXY QUINOLINE TETRA- 
HYDBIDE Ethyl ether C,H,Br2(OEt)N 


9051 

[46°] Obtained by adding bromine to a coolei 
chloroform solution of (B 4) ethoxy tetra hydrii- 
quinolme Long tnolmio crystals The hydro- 
chloride crystalhsos in felted needles, the sul- 
phate in colourless plates, and the oxalate in 
prisms The picrate forms sparingly soluble 
yellow needles [108°] The nitrosamine forms 
glistening plates [86°] (Fischer a Renouf, B 
17, 760) 

DI jp BROMO DI OXY QUINONE 

CrtBr2(0H)202 [1 4 2 5 3 6] Bromanilic acid. 
Formation — 1 By dissolving di , tn , or 
tetra bromo quinone in potash (Stenhouse, A 
91,311, Sarauw, A 209, 115) —2 By heating 
the sodium salt of di oxy quinone di p carbo- 
xylic acid with cone HBr — 3 Together with 
tetra bromo quinone by heating (1,3, 5, 2) tn 
bromo phenol with pyrosulphurio acid at 116° , 
the reaction is anomalous as the two Br should 
remain m to one another (Salzmann, B 20, 
1997), V also Di chloro di oxy quinone 

Properties — Monosymmetncal dark red 
needles or bronzy plates Converted by Br into 
hexa bromo acetone A neutral solution of the 
Na salt gives the following reactions — CaClj 
brown pp — BaClg yellowish brown pp — FeSO^ 
and N1SO4 greenish grey pp — FejClg brown- 
ish black — Co(N03)j brown — Pb(OAc)2 red 
dish brown — CuSO^ greenish brown — AgNO* 
and Hg (NO,)2 red — HgClj no pp 

Salts — Na A" 4aq asymmetnc crystals — 
KjA" 2aq asymmetric crystals — K2A" aq 
(Hantzsch, B 20,1303, Hantzsch a Schniter, 
B 20, 2040, 2279) 

Di bromo di oxy quinone Di methyl de- 
rivative CaBr2(0Me)202 [175°] (Hofmann, B 
11, 332) 

Tn bromo oxy quinone Cg(OH)Br,02. [207°] 
From oxy hydroquinone and Br (Barth a 
Schreder, M 6, 593) Orange grains , sol alco- 
hol and CHCl, 

DI BROMO OXY TOLUIC ACID Methyl 
ether C«HBr2Me(OMe) CO3H [? ? 4 2 1] [194°] 
From the methyl derivative of di bromo thymol 
by oxidation (Patemd a Canzoneri, Q 10, 233) 
DI BROMO OXY TOLUQUINONE 
C„MeBr3(0H)03 *[197°] Formed in small 
quantity by the action of dilute KOH on tri- 
bromo toluquinone (Spica a Magnamim, G 13, 
312) 

BROMO OXY TOLYL PHENYL KETONE- 
CARBOXYLIC ACID 

C,H4(C03H) CO C«H3(CH3)(Br)OH [228°] Pre- 
pared by the action of Br and acetic acid on an 
alcoholic solution of 0 cresol phthalein Small 
pnsms By heating with H2SO4 to 130° it is 
readily converted into bromo oxy methyl anthra- 
qmnone C 3 orrde [208°] (Fraude, B 12,239) 
DI /3 BROMO a OXY a TOLYL PROPIONIO 
ACID C.oHjoBrjO* % e CHBr, C(C,H,){OH) CO^H 
Di bromo eso methyl atrolactic acid [163°] 
Prisms or needles Prepared by dissolving 
di bromo pyruvic acid and toluene in H^SO^at 0° 
By hot water it is decomposed into CO, and 
tolyl bromo methyl ketone C^H^ CO CHjBr. On 
reduction it gives eso metnyl atrolactic acid 
(Bottinger, B 14, 1697) 

BROMO OXY VALERIC ACID Lactone, 
CH, CH CHBr CH^ CO 0 From $y di bromo- 
! ! 

valeno aoid by boiling with water (Messer* 
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sohmidt, A 208, 102) Non volatile oil , con- 
verted by boiling baryta-water into di-oxy 
valeno aoid 

Di-bromo-ozy valeric acid 

Lactone CHJBr CBr CH, CH, CO 0 or 

I I 

CH, CBr CHBr OH^CO O [78°-81°] From 

(a) angelico lactone and bromine Thick white 
hygroscopic needles (from CSJ Water con- 
veits it mto HBr and bromo levuhc acid (Wolff, 
JL 229,264) 

DI BEOMO-PALMinC ACID C^H^^r A 
[29°] From hypogsBic acid and Br (Schroder, 
A 143, 24) Amorphous and insol water 
Alcoholic KOH converts it into bromo hypogasio 
and palmitoUc acids Aqueous alkahs form di- 
oxy palmitic acid 

Di bromo palmitic acid Cj^HjoBr^Oj From 
gaSolic acid and Br Crystalline , converted by 
alcoholic KOH into palmitohc acid (S ) 

Tn bromo palmitic acid CjeH^pBrsOj [39°] 
From bromo hypogaeio acid and Br Amor 
phous (S ) 

Tetra bromo palmitic acid C,aH^r 402 . 
Yellow crystals 

BEOMO PALMITOLIC ACID C.^H^^BrO^ 
[31°] From tn bromo-palmitic acid {v sup ) 
and alcoholic KOH (S ) 

EKOMO PENTANE v Amyl bromide 
aiS Di bromo pentane C^Hj^Br i e 
CH, CH^CHBr CHBr CH, Amylcne bromide 
(ITS*^) S G 1 C868 From the corresponding 
amylene and Br (Wagner a Sajtzefif, A 179, 
807) 

wM Di bromo isopentane Pr CH CHBr^ 
IsoamyUdene bromide (170°-180°) From iso 
valenc aldehyde and PCljBrj (Bruylants, B 8, 
40C) Alcohohc KOH gives FrCH CHBr (111°) 
and Fr C CH 

OM Di bromo pentane Pr CBrj CH, From 
methyl propyl ketone and PClgBrj (B ) Split up 
by distillation into HBr and Pr CBr CH, (123°) 
aj3 Di bromo isopentane 
(CH,),.CBr CHBr CH, (170°-175°) S G 
16370 MM 12 947 at x2 6° From tn 
methyl ethylene and Br (Wurtz, A Ch [3] 36, 
468, Bauer, Bl 2, 149) Converted by water 
(20 vols ) and PbO at 150° into methyl iso 
propyl ketone (Eltekofif, J R 10, 216) 

Isoamylene dibromide, formed by combma 
tion of Br with isoamylene from crude fusel oil, 
is a mixture of several of the precedmg di 
bromo pentanes (Cahours, C R 81,291, Wurtz, 
A Ch [3] 4, 458 , A 123, 202 , Reboul, C R 
68, 1068 , A 133, 84 , Bauer, Bl 1860, 148 , 
A 120, 167, Z 1861, 690, Golowkmsky, A 
111, 252 , Olevmsky, Z 1861, 674) 

Valerylene dihydrobromide (170°-175°), 
formed by the umon of HBr with crude valeryl 
ene is also a mixture of di bromo pentanes 
Tri bromo-pentane CA^rg. From bromo- 
isoamylene and Br 

Tetra-bromo pentane C^HJBr, Valerylene 
tetrabromide [—10°] From crude valerylene 
and Br (Eeboul, A 132, 119 , 135, 372) 

Tetra-bromo-pentane C^H^Br, Piperylene 
tetrabronude, [116°] From piperylene and 
Br (Hofmann, B 14, 664) A bquid isomende 
IS also formed (Magnammi, Q, 16, 890) 


Tetra - bromo - pentane 0,H,Br, Isoprene 
tetra bromtde From isoprene (Tilden, C N 
46, 120) 

Penta bromo-pentene CjH^Br, Two bodies 
of this composition are formed by the action of 
Br on valerylene in sunlight (R ) 

BROMO - PENTENYL ALCOHOL Ethyl 
ether C,H„BrO %e CjH„Br OEt a77°-180°) 
S G 1 23 From tn bromo pent ne and alco 
holic KOH (Reboul, A 183, 84) 

BROMO PENTINENE v Bromo valerylene 
BEOMO PHENANTHRAQUINONE v Phen- 

ANTHRAQUINONB 

BEOMO -PHENANTHRENE v Puenan 

THRENE 

BROMO DI PHENIC ACID 

CO A CyHs®^ CO A [23t>°nncor ] Formed, 

together with its di bromide, by heating diphe 
me acid with bromine at 80°-100° Small 
white prisms Sublimes with difficulty Not 
volatile with steam V sol alcohol, ether, and 
acetic acid, si sol benzene, chloroform and CS^, 
insol cold v ater 

Salts — A^Naj white v sol amorphous 
powder — A"Ba 3aq spanngly soluble needles — 
A^'Agj white insol pp — A"Cu sL sol amor 
phous green powder 

Diethyl ether A'Etj [65 °] , crystals 
(Claus a Erler, B 19, 3149) 

Bromo di pbenio acid di bromide 
C, 2 H,Br 5 (CO^H )2 [256° uncor] Formed in 

small quantity (15 p c ) by heating diphenic acid 
(1 mol ) with bromine (2 mols ) for 8 days at 
100° Glistening colourless needles (from hot 
alcohol) SI sol ordinary solvents Its alka 
line solution decomposes very easily on heating, 
forming salts of di bromo di phenic acid It 
has a very bitter peculiar taste — A"Na soluble 
silky plates (Claus a Edler, B 19, 3162} 

Bromo di phenic acid 

[4 1} C«H,(COOH) C^Bt COOH [1 4 2] [208°] 
j Formed by oxidation of the liquid (1,4,1', 4', 2') 
mono bromo ditolyl with CrO, and acetic acid 
(Camelley a Thomson, C J 47, 690) 

Di bromo di phenic acid Cj^HgBrjO^ [296°] 
From di bromo phenanthraqnmone, and 

HjSO^ Geodes of small crystals, v si sol hot 
water, insol alcohol and ether (Ostermayer, B 
7, 1091) 

Di bromo-di-pbenic acid C, ABr,(C0^H)2. 
[245° uncor ] Formed by heating di phenic 
acid (1 mol ) with bromine (2 mols ) at 200°, or 
by heating aqueous solutions of salts of mono 
bromo di phenic acid di bromide Small glisten 
ing needles Not volatile with steam Sublimes 
with difficulty SI sol benzene, chloroform, 
acetone, CS^, and hot water, nearly insol cold 
water, v sol alcohol, ether, and acetic acid 
Salts — The alkaline salts are very soluble 
amorphous glassy masses — A'Agj white 
amorphous pp — A"Ca 3aq easily soluble plates 
— A"Pb b 1 sol microcrystallme powder 

Dt ethyl ether AfEt^ [106° uncor] 
crystals (Claus a Edler, B 19, 8149) 

0 BROMO PHENOL C«H,BrO i e C«H 4 Br(OH) 
[1 2] (196°) From o bromo amline by tha 

diazo reaction (Fittig a Mager, B 8, 862, 
Kdmer) Formed in small quantity m brozni- 
nating phenol (Hiibner a Brenken, B 6, 171) 
Oil, volatile with steam Potash fusion givoa 
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eerorcut HNO, forms bromo di-mtro- phenol 
[118®] 

Methyl BtherC^ fit OUe (223®) From 
the methjl ether of o amido phenol by Sand 
meyer’s reaction (Wallach a Hensler, A 243, 
238) 

w-Bromo-phenol C«H^Br{OH) [1 3] [33®] 

(286°) From m bromo aniline by the diazo 
reaction (Ko ner, G 4, 389 , Wurster a Nolting, 
B 7, 905 , F a M ) Crystalline Potash- 
fusion gives resorcm HNO, gives bromo di- 
nitro phenol [92°] 

p Bromo phenol C,H,Br(OH) [14] [64®] 

(287®) S H (18®-77®) 3157 S 1 422 at 15° 
Formatum — I By distillmg bromo o oxy- 
benzoic acid with BaCO, ^Cahours, A Gh [3] 
13, 102) — 2 By passing air saturated with Br 
(160 pts ) into cooled phenol (94 pts ) (KSmer, A 
137, 197) — 8 Bromine (160g ) is dissolved in 
glacial HOAc (200 g ) and added to phenol (94 g ) 
dissolved m HOAc (300 g ) (Hdbner a Brenken, 
B 6, 171) — 4 From ^ bromo anilme by the 
diazo- reaction (K , F a M ) 

Preterites — Large crystals (from chloro- 
form) , si sol water, v sol alcohol Dimetnc , 
a c » 1 1 46 Its heat of neutralisation has 
been determined by Werner {G R 98, 1333, 
Bl [2] 46, 281) Nitration gives bromo di nitro 
phenol [76®] Potash fusion gives resorcm SCI, 
forms S(Cj3,BrOH)2 [176®] (Tassman, Q 17, 
83) 

Me thy I ether CgH^Br OMe Bromo-antsol 
(223® cor) SG«1494 

Ethyl ether CJl.BrOEi (233°) 
Isopropyl ether C,H4Br OPr (236®) S O 
® 1 981 1 553 From isopropyl phenol and 

Br (Silva, Bl [2] 13, 27) - 

Beneoyl derivative C^H^BrOBz Crys- 
tallme. 

Bromo-phenol (Fourth) (236®~238®) (Fittica, 
J pr [2] 28, 17G B 19,2632, A Gh [6] 4,561) 
Preparation — Phenol (10 g ), alcohol (10 g ) 
and amorphous phosphorus (3 g ) are mixed and 
cooled while bromine (17 g ) is added through a 
capillary tube The product is washed with 
dilute Na^COg, dri^d and distilled It contains 
di bromo phenol and the new body This can 
only be distilled when in small quantities, m 
larger masses it undergoes carbonisation 
Properties — Not solid at 10® 

Nitration — Bromophenol (1 pt ), glacial 
acetic acid (8 pts ), and HNO, (S G 14) added 
gradually form crystals of a molecular compound 
C,H,Br(NO,)OH CeH,Br(NO,),OH which crystal- 
lises from alcohol and melts at [C0®-65°] 
Fuming HNOg converts this into a bromo di- 
nitro phenol [108°-110®], isomeric with those 
known By the action of baryta on the above 
molecular compound a second such body 
(C,H,Br(N02)0H)3CgH,Br(N0,),0H is got 

The existence of four bromo phenols would 
be contrary to the general rule that only three 
isomeno di derivatives of benzene can be ob 
tamed, accordmg to Hand {A 234, 129) the 
fourth bromo phenol is merely p-bromo phenol 
of which the melting point is lowered by a trace 
of moisture 

Di bromo-phenol 0,H,Br,(OH) [1 3 4] [40®] 
S H (18®-78®) 2436 S 194 at 15® (W ) 

formation — 1 By distilling di bromo sali- 
oyBo acid with baryta (Oahours, A 52, 829), or 


by heating with dilute H^SO^ at 230® (Peratoher, 
O 16 402) — 2 By passing bromme vapour (2 
mols ) mto cold phenol (1 mol ) (K6mer, A 137, 
205) 

Properties — Crystallme mass, v si sol 
water, v sol ordinary solvents HNO, forms 
picric acid Its heat of neutralisation has been 
determmed by Werner {G R 98, 1333) Heated 
with dilute H^SO, in sealed tubes, it is converted 
into mono- and tn bromo phenol (Peratoner, 
Q 16, 403) 

Methyl ether [59®] (272®) 

From di bromo-phenol, NaOH, and MeL 
Formed also by brominatmg anisol (C ) 
Nitro-henzoyl derivative 
CgHgBr^O CO C^HgNO, [90®-100°] From ben- 
voyl phenol by bromination followed by ni- 
tration 

Di bromo phenol CgHjBr (OH) [6 2 1] [56°]. 
Formed by distiUmg tetra bromo phenol phtha- 
lein with cone H2SO4 (Baeyer, A 202, 138) 
Also from di bromo ^ amido phenol by displacing 
NH, by H (Mohlau, B 15, 2494) Mass of thin 
needles (from water) 

Di - bromo - phenol C^H^Br (OH) [13 5] 
[76 5®] Formed, together with its methyl ether, 
by heatmg s tn bromo benzene with NaOMe 
(Blau, M 7, 621) Converted by potash fusion 
into phloroglucm 

Methyl ether CgH2Br2(OMe) [38°] 

Ethyl ether (268®) Formed 

by boiling di bromo 0 di azo phenetol nitrate, 
CgH^Br (OEt)N2N03, with water (Mohlau a 
Oehmichen, J pr 132, 482) 

Tn bromo phenol CeH2Br,(OH) [2 4 6 1], 
[92®] (Wilsing, A 215, 235) , [95®] (Komer) S 
007 at 15 (W ) 

FormaiAon — 1 From phenol and Br (Lau- 
rent, A Gh [3] 3, 211 , Korner, A 137, 208) — 
2 By distilling tn bromo salicyhc acid with 
sand and baryta (C ) — 3 By treating mdigo with 
bromine water — 4 From potassium phenol di- 
sulphonate and Br (Schmidt, B 11, 852) 

Properties — Long silky needles (from dilute 
alcohol) , may be sublimed V si sol water, v 
sol alcohol Its lyat of neutralisation has been 
examined by Werner and Berthelot (C R 98, 
1333, A Ch [6] 3, 552) 

Reactions — 1 Nitnc acid forms di bromo- 
nitro , bromo di nitro , and tn nitro phenol 
(Armstrong a Harrow, C J 29, 476) — 2 CrO, 
and HOAc give tetra bromo quinone and amor- 
phous insoluble C,^H4Br802 (Benedikt, A 199, 
134) — 3 Biominenater forms Cj,H4Br30Br (’) 
[118®] which forma yellow plates, insol water, 
ether, and alcohol , it exhibits the following re- 
actions (a) At 130® it sphts up into Br and the 
compound C 2H4Br«02 (b) Aniline forms tri- 

bromo phenol and tn bromo anihne (c) Phenol 
forms tn-bromo phenol (d) It is also reduced 
to tn bromo phenol by boiling alcohol or by Sn 
and HCl (Benedikt, B 12, 1005, M 1, 360; 
Werner, Bl [2] 43, 373) 

Ethyl ether C^H^Br, OEt [69®], pnsma 
(Purgotti, O 16, 626) 

Proptonyl derivative CjHjOjOgHgBr, 
[66®] (Guaresohi a. Baccomo, B 18, 1174) 
Bensoyl derivative CJEL^i/^Bz [82®], 
small colourless prisms , soluble m alcohol and 
ether, nearly insol water (Dacoomo, B 18,1168). 
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Tri bromO'phenol 

Ethyl ether C^^t^OEX, Prepared 

from tn bromo di azo phenetol by boiling with 
water and extracting the product with ether 
(Mdhlan a Oehmichen, J jpr [2] 24, 484) 

Tetra-bromo phenol C«HBr 40 H [2 34 6 1] 
[120°] From tn bromo phenol and Br at 180° 
(K.) Formed also by warming C^H^r,OBr {v 
sup ) with cone HjSO^ Needles (from alcohol) , 
may be sublimed Bromine converts it into 
C^HBr^OBr [121°] which separates from chloro- 
form in monoclmio crystals and is reduced by 
boiling alcohol or by Sn and HCl to tetra bromo 
phenol (Benedikt, if 1, 361) 

Penta bromo phenol C^Brj OH [226°] Ob 
tamed by heating tn or tetra bromo phenol 
with excess of Br at 220° for some days (Korner, 
A 137, 210) Formed also by heating C^HBr^OBr 
with cone H^S 04 (Benedikt, If 1,300) Adaman 
tine needles (from CS^) , may be sublimed 
Cone HNO, forma bromopicrin and tetra bromo 
quinone PBr^ forms CgBrj (Gessner, B 9, 1606 , 
Buoff, B 10,1234) 

Hexa bromo phenol CgBrjOBr [128°] Pre 
pared by heating tn bromo phenol with excess of 
bromme in sealed tubes at 220° Yellow crystals 
of tnmetnc system (abc = l 82 114), insol 
cold alcohol, but decomposed by boiling into 
penta bromo phenol On heating with aniline 
it yields penta bromo phenol and tn bromo 
aniline (Benedikt, M 1, 363) 

TETEA BEOMO p DIPHENOL v Tetra- 

BROMO DI OXY DIPHENYL 

TETEA BEOMO PHENOL PHTHALEKN v 

Phenol-phthalein 

BEOMO.PHENOL o STTLPHONIC ACID 
CaHjBr(OH) SOgH The K salt is formed by 
adding Br (1 mol ) to an aqueous solution of 
potassium phenol o sulphonate The free acid 
is very deliquescent — KA' pointed needles— 
BaA^j— CuA' 2 (Senhofer, A 166,114) 

Bromo phenol p sul phonic acid 
CgH,Br(OH)(S08H) [2 1 4] Formed as in the 
precedmg case (S ), or by passing bromine 
vapour into a cold cone solution of phenol p 
sulphomc acid (Le Canu, C B 103, 385) Deli- 
quescent needles (containing ^aq) — KA' 

Bromo phenol snlphonio acid 
Ethyl derivative C«H,Br(OEt)(SOgH) 
From potassium phenetol sulphonate and Br 
Hjippmann, J 1870, 739) Dehquescent mass 
(contammg 4aq) — KA' 

Bromo phenol dicnlphonio acid 
CgHgBr(OH)(80gH)5 [2 14 6] From an aqueous 
solution of potassium phenol disulphonic acid 
(1 mol ) by addmg Br (1 mol ) (Armstrong, C J 
26, 866, Schmidt, B 11, 862) CrystaUine, v 
sol alcohol, m. sol ether Fe^Clg gives a red 
colour HNO, forms bromo mtro phenol sul- 
phomc acid, bromo di nitro phenol, and tri- 
mtro- phenol — BaA"2aq — K,A" — PbA" — 
Ag^" 

Di-Vromo-phenol o snlphonic acid 
0 „HgBra(OH)(SOgH) [2 4 16] [120°] Formed 
by brominating potassium phenol o sulphonate 
or bromo-phenol o sulphomc acid (Armstrong, 
C J 26,867, Senhofer,A 166,110, Schmidt, 
B 11, 855 ) Ckinoentno needles , dehquescent 
The aqueous solution is coloured violet by FejCl, 
and IS ppd by Pb(OAo)j — HNO, forms di- 
hromo-o mtro phenol[117°3 Ba(CgH^r 3 SOJ,. — 


BaCgHgBrgSOg — CdC,HgBrgS 04 lloq — 
KOgH,Br,S 04 -K,CgH,BrgS 04 — PbcXbr.SO^ 
Di-bromo-phenol p sulphonio acid 
C 8 H 2 Br 2 (OH)(SOgH) [2 6 14] From potassium 
phenol p sulphonate (1 mol ) and Br (2 mols ) 
(Senhofer, A 166, 103 , Armstrong a Brown, 
G J 25, 867) , or by passing bromine vapour 
into an aqueous solution of phenol v sulphomc 
acid (Le Canu, C B 103, 386) Fc.med also by 
diazo reaction from di bromo sulphanilic acid 
Schmitt, A 120, 161) Bectangular scales 
containing aq) The solution is coloured violet 
by Fe^Cl„ but is not ppd by Pb(OAo )2 — 
K 0 ^H 3 Br 2 S 04 aq — K 2 C 6 H 2 Br 2 S 04 2aq — 
Ba(G,H,Br 2 S 04)2 2aq — Ba 0 «H 2 Br 2 S 04 4aq 
BROMO PHENOXY ACETIC ACID v Bromo- 
phenyl derivative of Glycollic acid 

BROMO PHENOXY - PROPIONIC ACID v. 
Bromo phenyl derivative of Lactic acid 
o BROMO DIPHENYL C.gH^Br t e 
C^Hj C^H^Br [1 2] (298°) Formed by decom 

posing 0 diazo diphenyl perbromide with alcohol 
(Schultz, Schmidt, a Strasser, A 207, 353) Oil, 
lirnellingof oranges , oxidised by CrO, too bromo 
benzoic acid 

p Bromo diphenyl CgH^ C«H 4 Br [1 4] [89 °] 
(310° 1 V ) Formed by adding Br to a solution 
of diphenyl in CS^* Laminas , v sol hot alcohol 
and HOAc, v e sol ether Smells hke oranges 
Chromic acid oxidises it top bromo benzoic acid 
(Schultz,^ 174,207) 

pp Di bromo-diphenyl [4 1] C H,Br C^H^Br 
[1 4] [164°] (G , F ) , [1G2°] (C a T ) (c 3o8°). 
Formed by heating diphenyl dissolved in Cb, 
with bromine at 100° (Fittig, A 132, 204 , 
Camelley a Thomson, C J 47, 588) Also from 
benzidine by the diazo reaction (Gness, Pr 13, 
383) Prisms and octahedra (C a T ) , v si 
sol hot alcohol, slightly volatile with steam 
Smells like oranges Oxidised by CrO, to 
p bromo benzoic acid 

Tn bromo diphenyl [4 1] CgH 4 Br CgHgBr,. 
Formed by the action of bromine on a mixture 
of diphenyl and p tolyl benzene (Camelley a. 
Thomson, C J 47, 687) Colourless silky 
needles, si sol alcohol, not volatile with steam 
CrOg in HOAc gi\es p bromo benzoic acid 
DI BEOMO DI PHENYL ACETAMIDINE 
C, 4 H, 2 Br 2 N 2 i e CH, C(NHC,H 4 Br) NC«H 4 Br 
From p bromo aniline, HOAc, and PCI, (Denn- 
Btedt, B 13, 233) — B'HCl -B'^H^PtCl, 

o BEOMO PHENYL ACETIC ACID CgH^BrO, 
le [2 1] C,H 4 Br CH 2 CO 2 H [104°] From phe- 
nyl acetic acid, bromine and ELgO Separated 
from then compound by its more soluble banum 
salt (Bedson, C J 87, 96) Flat needles (from 
water) Monochnic tablets (from glacial acetic 
acid) — a 6 c - 1 667 1 767 , a = 99° 44' KMnO^ 
oxidises it to 0 bromo benzoic acid — CaA'-. — 
AgA' 

Nitrile CgH^BrCH^CN Oil (Jackson a. 
White, Am 2, 816) 

m Bromo phenyl acetic acid 
[3 1] C„H 4 Br CH 2 .CO 2 H [97°](J a W), [100°] 
(G ) From (3, 4, 1) bromo amido phenyl acetio 
acid by removing NH 2 (Gabriel, B 16, 041) 
Nitrile CgH 4 BrC^CN Oil (Jackson a. 
White, P Am A 16, 266) 
p Bromo phenyl-aoetio acid 
[4f] OgH 4 BrCH 2 COgH [116°] Prepared by 
treating phenyl acetic acid with bromine and 



BROMO-PHEOTL-BENZENE 


m 


HgO fBedson, G J 87, 94) — Long fiat needles, 
may oe sublimed Oxidation gives p bromo- 
benzoio aoid 

Salts — AgA' — NH,A' — BaA'^ — OaA'^ — 
CuA'j 

Nitrtle O^H^BrCHaCN [47°] Prepared 
by boiling p bromo benzyl bromide with alooholio 
KCN (Lormg Jackson a Lowery, J5 10,1210, 
Am 3, 248) \ 

a Bromo phenyl aoetioacidCgH^ CHBr CO^H 
[84 °] From mandelio acid and cone HBrAq at 
130° (Glaser a Radziszewski, Z 1868, 142) 
Formed also by brommating phenyl acetic acid 
at 160° (Radziszewski, B 2, 208) Monoclmic 
crystals (from CS^) Reduced by sodium 
amalgam to phenyl acetic acid Boiling NaOHAq 
gives mandehc acid CH(OH) CO Jl 

Alcoholic* KOH gives C^H CH(OEt) OO^H The 
ethyl ether is converted by alcoholic KCy into 
COjEt CHPh CHPh CO^m, and by Na into 
CO^Et CPh CPh CO^Et 

Nitrile CgHj CHBr CN Is the chief pro 
duct of the action of bromine on benzyl cjanide 
at 120° Sol alcohol and ether On heating to 
170° or with alcoholic KCN it gives di cyano 
stilbene With an excess of KCN di cyano di 
benzyl is also formed On boiling with alcoholic 
KOH it gives stilbene di carboxylic acid (Reimer, 
B 14, 1797) 

Hydrobromide of the Nitrile 
cASr CBr NH Phenyl bromo-acetimido 
bromide Formed together with the mtnle by 
the action of bromine on benzyl cyanide at 120° , 
the yield being 15 p c Colourless crystals 
Bitter taste Its vapour attacks the eyes V si 
sol all solvents, most easily in boiling acetic 
acid Decomposed by water and alcohol — 
HCl at 150° converts it into o bromo phenyl- 
acetio acid (?) and NH, Dilute HCl at 160° 
converts it into NH,, mandehc acid 
(C«H, CH(OH) COjH), and HBr (Reimer, B 14, 
1797) 

a Bromo di phenyl aoetio aoid 
(C„H4)iCBr CO^H From diphenyl aoetio acid 
and Br at 150° Converted by boiling water 
into benzilio acid (JPh2(OH) COjH (Symons a 
Zincke 4 171, 131) 

Di bromo phenyl acetic acid 
CsH,Br2 CH^ CO2H [116°] Formed by action 
of sunhght on mixture of 0 andp bromo phenyl 
acetic acids and Br Purified by conversion into 
the methyl ether, distillation and saponification 
(Bedson, C J 37, 9b) White needles — AgA' 

BBOMO FHENTL ACRYLIC ACID v Bromo 
CINNAMIC ACID and Bromo atropic acid 

DI BROMO DI PHENYL . ALLOFHANIC 
ACID Cj^HioNjBrjO, i e 
CeH,Br NH CO N(C,H,Br) CO2H 

Ethyl ether [163°] The compound which 
IS formed from p bromophenyldicyanate by long 
boiling with alcohol is probably this ether Fine 
white needles Sol ^cohol and ether By 
continued action of alcohol it is converted into 
p bromo phenyl carbamio ether (Dennstedt, B 
13, 229) 

p BROMO PHENYL AMIDO ACETIC ACID 

CHj(NH 0<,H4Br) COjH Bromo pJienyl glyco 
coll [98°] Colourless crystals V e sol al 
oohol, ether and hot water Forms a light 
green copper salt Prepared by the action of 
ohloro acetic aoid on p ohloroanilme. 

VoL. I 


Ethyl ether A'Et [96 °] , white needlei. 
Insol water, sol alcohol and ether 
p-Bromoanilide 

CH2(NH OABr) OONH(C,H4Br) [165°-160°] ; 
white microscopic crystals Subhmes at about 
146° SI sol hot water, v sol alcphol and 
ether (Dennstedt, B 13, 236) 

Di bromo di-phenyl amido aoetio aoid 
Nitrile 0,H,Br2NH CHPh CN [92°] From 
di phenyl amido acetic acid and Br (Tiemann a 
Piebst, B 16, 2032) Yellow rhombohedra (from 
alcohol) 

Tn bromo phenyl amido aoetio aoid 
C„H2Br, NH CH CO2H Formed by adding bro 
mine water to an aqueous solution of phenyl, 
amido acetic acid Minute needles (from HOAo) 
Insol water, acids and alkalis (Sohwebel, B 11, 
1131) 

BROMO PHENYL AMIDO CHLORO NAPH- 
THOQTJINONE v Ckloro naphthoquinonb - 


B30MANILIDE 


a BROMO PHENYL $ AMIDO CROTONIO 
ACID CH, C(NHPh) CBr COjH Anil bromo. 
aceto acetic acid [138°] Formed by brommation 
of phenyl 8 amido crotonic acid (anilacetacetio 
acid) dissolved m chloroform Pearly plates, 
v sol hot alcohol, si sol water, chloroform 
and ether By cold HjSO, it is condensed to 



BROMO PHENYL - AMIDO (a) NAPHTHO - 

QDINONE V (a) NAPHTHOQUINONE BROMANILIDB 

TRI BROMO PHENYL AMIDO PROPIONI 
TRILE C,H2l3r8NH CHMe CN [130°] From 
phenyl a amido propiomtrile and Br Needles 
(Stephan, C C 1886, 470) 

p BROMO PHENYL {Py 3) AMIDO-QUINOL 
/CH CH 

INE C^HX 1 [146°] Sil 

\ N C(NH CeH^ NO2) 

very scales Formed by heating (Py 3) chloro- 
quinoline with p bromamlme (Friedlander a. 
Weinberg, B 18, 1533) 


DI BROMO DI PHENYL AMINE 

HN(C,H,Br)2 [107°] Prisms Sol alcohol and 
acetic acid The b^zoyl derivative is formed 
by brommation of benzoyl di phenyl amine 
Benzoyl derivative BzN(C,H4Br)2 
[142°] Colourless plates Soluble in alcohol 
and acetic acid (Lelhnann, B 16, 830) 

Tetra bromo di phenyl amine NH(CaH,Br2)2. 
[182°] Formed by treating an alcoholic solu- 
tion of di phenyl amine with Br Needles 
(Hofmann, A 132, 166 , Gnehm, B 8, 926) 
Acetyl derivative NAojC,H,Br2)2 [168°] 
Hexa bromo di-phenyl amine NH(CaH2Br,)jj. 
[218°] Formed, together with the preceding, 
by adding Br to a solution of di phenyl amine 
in HOAo (G ) Reduced by sodium amalgam to 
di phenyl amme 

Goto bromo di phenyl amine NH(CaHBr4)2 
[c 304°] From di phenyl amine, Br, and I at 
250° Prisms (from CHCI3) (Gessner, B 9, 1611) 
Deca bromo di phenyl amine NH(0,Br J, 

From di phenyl amine, Br, and I at 860° 
Needles (from CHCl,) Not melted at 310° 
BROMO PHENYL BENZENE v Bromo di- 


PHENYli 

Bromo tri phenyl-benzene C24H,2Br [104°] 
From Br and tn phenyl benzene in CS,. Needli s 
(from alcohol) (Berthold a Engler, B 7, 1128). 

RR 
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BBOMO FHBHTL . BENZOIC ACID v 

BbOUO DIPHENTL-CARBOrmO AOUD 

BBOMO PHENYL BENZYL OXIDE 

O [59°] From phenyl 

benzyl oxide, Br, and HgO Needles (Sintems, 
A 161,835) 

DI p BBOMO DI-FHENYL BltTBET 

C,,H„0*Br,N, (O^H^BrNH C0)2NH Pre- 
pared by the action of alcoholic NH, on p 
bromo phenyl dicyanate (Dennstedt, B 13, 230) 
SI sol alcohol and ether, msol water Begins 
to sublime at about 240° 

y BBOMO 7 PHENYL BTITYBIC ACID 
Ph CHBr CH^OH, CO^ [69°] From y 
phenyl iso crotonic acid and cone HBr at 0° 
Crystals (from CSj) (Jayne, A 216, 102) By 
boiling with water or treatment with aqueous 
Na^COj It IS converted into the lactone of y oxy 
7 phenyl butyno acid (q v ) 

^y Di bromo y phenyl butjrnc acid 
Ph CHBr CHBr CH^ CO^H [138°] From phenyl- 
180 crotomo acid m CS^ by Br at 0° (Jayne, A 
216, 107) Crusts of small white crystals So 
dium amalgam converts it into sodium y oxy y 
phenyl butyrate 

exo Di bromo ^ phenyl isobutyrio acid 
CHBr OBrMe CO^(?) [136°] From phenyl- 
methacryhc acid and Br (Conrad a Hodgkinson, 
A 193,312) 

p BBOMO PHENYL CABBAMIC ACID 

Methyl ether C«H,BrNHCO^e [124°] 
From p bromo phenyl cyanate and MeOH. 
Needles (Dennstedt, B 13, 229) 

Ethyl ether C<,H,Br NH COjEt Br&mo- 
carhamhc ether [81°] (B), [86'"] (D) From 
PhNH COjEt and bromine water (Behrend, A 
233, 7) or from p bromo aniline and ClCOjEt 
Needles (from benzolme) Boiling alcohohe 
KOH gives K^CO, and p bromo aniline 

Di-bromo-phenyl oarbamio acid Methyl 
ether [4 2 1] C«H,Br2.NH CO^Me [97°] 
Formed by brommating methyl phenyl carb- 
amate (Hentschel, J pr [2] 34, 423) Needles 
(from alcohol) Warm H3SO4 gives CO* and 
m bromo anilme 

Hexa bromo di-phenyl-oarbamic ether 
(CgH2Br,)2N COjEt Eexa-bromo di phenyl 
amvne urethane [184°] Formed by bromination 
of di phenyl carbamio ether dissolved in acetic 
acid (Hager, B 18, 2677) Long greenish brown 
needles Sol acetic acid, nearly msol alcohol 
p BBOMO - PHENYL - CABBAMINE DI- 
CHLOBIDB CeH^BrNClCCl (256°) From 
p bromo phenyl carbmude and Cl Yellowish 
liquid (Dennstedt, B 13, 232) 

DI-BBOMO DI.PHENYL CABBINOL 
C,,Hn,BrjO [163°] Dt - bromo benzhydrol 
From di phenyl carbmol and Br Minute needles 
(from alcohol) Beduoed by sodium amalgam 
to di phenyl carbmol (Linnemann, A 133, 6) 

DI BBOMO PHENYL CABBONATE 
(C,H,Br3),CO, [166°] Silky needles , formed 

by brominatmg phenyl carbonate (Ldwenberg, 
C G 1886,890) 

BBOMO-DIPHENYL CABBOXYLIC ACID 

[4 1] C^Br CO H [14] [194°] From 

- bromo - phenyl - toluene [30°] and CrO, in 
OAc (Oamelley a Thomson, C J 61, 88) 
V sol ether, si sol alcohol 

Di bromo-diphenyl carboxylic acid 
CjylljBr^OO JEL [4' , IM , 2or3 4]. Xh-bromo 


phenyl-benzoic acid [204°] From di bromo- 
^ tolyl benzene [116°] by oxidising with CrO, 
m HOAc Needle shaped prisms (from alcohol), 
si sol alcohol (CameUey a Thomson, 0 J 47, 
689) 

Di-bromo-diphenyl p carboxylic acid 

C,H,Br C^ByBr CO,H [4' 1' 1 2or3 4] [232°] 
Formed by oxidising di bromo tolyl - benzene 
[150°] (C a T , C 3^ 51, 90) fe 

Di bromo-diphenyl carboxylic acid [212°] 
has been obtained from (8) bromo fluorene 
ketone [197°] by potash fusion (Holm, B 16, 
1081) —BaAV 

p BBOMO PHENYL CYANATE 

OC N C„H,Br [1 4] [39°] (226°) V sol ether 

Prepared by distillmg bromo phenyl oarbamio 
ether with P^O^ (Dennstedt, B 13, 228) 
p BBOMO-PHENYL DI CYANATE " 
Ci^HgNp^r^ [199°] Small plates SI sol 
ether Prepared by the action of a small quan 
tity of tri ethyl phosphine on bromo phenyl- 
cyanate heated to 100^ By long boihng with 
absolute alcohol it gives an acid of melting 
pomt [153°] and formula CjaHj^OgNoBr, which 
18 probably ethyl dibromo phenyl allophanate 
(Dennstedt, B 13, 229) 

BBOMO-PHENYL-CYSTE^NE C^H.^BrNSO* 
luj C,H,Br S CMe(NH2) CO^H p Bromo a 
amido thio lactic acid [181°] Formed by 
boiling bromo phenyl mercapturio acid with 
cone HCl Needles (from dilute alcohol;, v si 
sol water, v si sol alcohol, v sol dilute HCl 
Boiling alkalis slowly separate p bromo phenyl 
mercaptan and form pyruvic acid Sodium 
amalgam forms NH,, lactic acid, and C^H^Br SH 
Acetic anhydride on wanning gives 

an anhydride C,H,Br S CMe<pQ> [163“] 

bromo phenyl cystoin,’ but in presence of 
benzene it forms bromo phenyl-mercapturic acid 
CjH^Br 8 CMe(NHAc) CO^H Potassium cyan 
ate forms C^H^Br S CMe(NH CO NH3)C03H 
Salts — CuA'2 — HA'HCl (Baumann a 
Preusse, H 6, 316 , B 18, 258) 

BBOMO 0 FHENYLENE DIAMINE 
CeH3Br(NH3)2 [4 1 2] [63°J From (1,3,4) or 

(6,3,4) bromo mtro aniline, tin, and HCl (Hub- 
ner,A 210,369, Wurster, JB 6,1544, Remmers, 
B 7, 347) Needles , v sol water Sodium 
amalgam reduces it to o phenylene diamine 
Salts — B"HC1 —B^HjSO^ 

Di bromo m phenylene diamine 
C4H3Br2(NH2)2. Dark brown pp formed by 
adding bromine water to an aqueous solution of 
p phenylene - diamine hydrochloride , may be 
crystalhsed from alcohol (HoUemann, Z 1865, 
566) 

BBOMO-DIPHENYLENE EETONE 

CeH* V 

C^HyBrO t e ^ [104°] From 

bromo fluorene and CrO, (Hodgkinson a. 
Matthews, C J 43, 166) Dark yellow 
needles 

Bromo - diphenylene ketone 0„HyBrO 
[122° uncor ] Formed by distilling bromo di- 
phenic acid with lime Yellow plates V soL 
benzene, ether, and hot alcohol, nearly insoL 
water Sublimes readily in felted needles By 
distillation with zinc dust it gives fluorene 
(Claus a Erler, B 19, 3166). 
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(«) Di bromo dipbenylene ketoxie 
Oi^^r^CO [143°] Formed by oxidation of 
di bromo fluorene [166°] with OrO, dissolved in 
noetic acid (Holm, B 16, 1081) Long yellow 
needles V sol ether and benzene 
()3) Di bromo diphenylene ketone 
OigHflBraCO [198°] From (a) - di - bromo 
fluorene [165°] by OrO, m slight excess and 
HOAc (Hodg^nson a Matthews, C J 43, 165 , 
Holm) Yellow needles, sol alcohol, ether, and 
benzene Potash fusion gives nae to di bromo 
diphenyl carboxyho acid 

Di bromo diphenylene ketone OijHgBrjCO 
[133° unoor ] Formed by distilhng di bromo 
di phenic acid with lime Thin yellow plates 
or long thin needles Eeadily sublimable (Glaus 
a Erler, B 19, 3166) 

DI fiBOMO DI-PHENYLENB KETONE 
OXIDE C^HaBr^Oa [210°-218°] From di 
phenylene ketone oxideL and bromme at 180° 
(A G Perkin, C J 4J, 193) Long needles 
(from alcohol) Combines with bromme form 
mg an unstable addition product 

BROMO DIPHENYLENE - METHANE v 
BnOMO-rLUORENB 

DI. BROMO PHENYLENE (a) NAPHTHYL 
ENE OXIDE C.eHJBr^O [284°] Yellowish white 
needles SI sol benzene Prepared by bromi 
nation of phenylene (a) naphthylene oxide (Arx, 
B 13,4727) 

BROMO PHENYLENE OXIDE 0,H,BrO 
[195°] From phenylene oxide and Br at 100° 
Needles (from alcohol) (Marker, A 124, 250) 

Di bromo diphenylene oxide OijHjBrjO 
[186°] From Br and diphenylene oxide in CS, 
LaminflB (from alcohol) (Hoffmeister, A 159,211) 
DI BROMO DIPHENYLENE - PHENYL 
METHANE [182°] From Br and the 

hydrocarbon m HOAc (Behr, B 6, 971) 

Tri bromo diphenylene phenyl methane 
Oi,H„Br, [107°-171°] (B ) 

BROMO PHENYL ETHANS v Bbomo ethyl 

BENZENE 

p Bromo di phenyl ethane C,4H,3Br le 
CgHj CHj CH^CgH^^^r [1 4] Bromo dibenzyl 
S G 21 40 From s di phenyl ethane, Br, and 
water (Fittig a SteUing, A 137, 266) Oil , 
boils above 320° 

pp Di bromo di phenyl ethane C,4H,3Br2 

[4 1] C^H^Br CHj CH^ C^H^Br [1 4] [116°] 

From s di phenyl ethane, water, and Br (F a S ) 
Needles (from alcohol) CrO, gives p bromo- 
benzoio acid. 

Exo di bromo s di phenyl ethane 
0,HjCHBr CHBr 0,H, [237°] (Z ) . [235°] (K > 
Stilbene dtbromide Di-bromo dibenzyl 

Formation — 1 From stilbene and Br (Lim- 
pncht a Schwanert, A 145, 336) — 2 From di- 
benzyl and dry Br (Marquardt, A 151, 364) — 
3 From hydrobenzoin and PBr, (Zmoke, A 198, 
127) 

Properties — Silky needles Decomposes at 
236° (Kade, J pr 127, 465) V si sol boiling 
alcohol, m sol boilmg xylene Alcoholic hOH 
gives 0,H, OH CBr 0„H,andO«H, 0 0 0,H, Oon 
verted by benzene and AljCl, into s tetra phenyl 
ethane some tri phenyl methane being also 
formed (Anschutz, A 235, 207) 

Tri bromo -p di phenyl ethane Oj^HuBr, 
From 5 di phenyl ethane, water, and Br (F a S ) 


Nacreous laminae, t sI bcA aloohol, deoom* 
poses at 170° 

Tn - bromo - e - di - phenyl - ethane 0,4H„Br,. 
[207°-211°] From a di phenyl ethane and dry 
Br (M) 

Tn bromo s di phenyl ethane 
OaHj CBrj CHBr CgH, Bromo stilbene dibro- 
mide [100°] From bromo-s diphenyl ethylene 
and Br (L a S ) Needles (from aloohol) De 
composed by distillation mtoHBr, PhOBr CBr Ph, 
and PhC CPh Alcoholic KOH gives PhC CPh 

Tn bromo li-di phenyl ethane 
(C8H5)3CH CBr, [89 °] From bromal (1 mol ), 
benzene (2 mols ) and cone H28O4 (Goldschmiedt, 
B 6,985) Monoolinic prisms (from ether) Alco- 
holic EOH gives HBr and di bromo di phenyl- 
ethylene 

Hexa-broiuo a di phenyl ethylene 0|4H,Br,, 
From s-di phenyl ethane and excess of Br 
Hard pnsms (from benzene) (F a 8 ) 

BROMO PHENYL ETHYL-AMINE v Bbomo 

AMIDO PHENYL ETHANE 

BROMO z^-DI PHENYL ETHYLENE C,4H„Br 
te (C,H,)2C CHBr [60°](H ), [40°] (A ) (0 170°) 
at 11 mm (A ) , (above 300°) (H ) Formed by 
warmmg the di bromide of u di phenyl ethylene 
(Hepp, B 7, 1410 , Anschutz, A 235, 160) 
Prisms , si sol cold alcoho*! 

Bromo s di phenyl ethylene 
C^Hj CBr CH CgHj Bromo - stilbene [25°] 
From stilbene dU bromide by distillation or treat- 
ment with alcoholic KOH Prisms AgOAo 
gives PhC(OAo) CHPh (Limpnoht a. Sohwanert, 
A 145, 340, 155, 72) 

Di bromo w-di phenyl-ethylene (CflH4)2C CBr, 
[83°] (above 300°) From CPh^H CBr, and alco 
hoho KOH (Goldschmiedt, B 6, 985) Needles 
(from alcohol ether) 

Di bromo s di phenyl ethylene 
OjHj CBr CBr C^Ha Tolane di bromide [208°j 
Leaflets Prepared by the action of bromme on 
tolane An isomende [64°] is also formed m 
small quantity (Limpiioht a Schwanert, A 145, 
348 , Liebermann a Homeyer, B 12, 1974) Con 
verted by benzene and Al^Cl, m presence of CS, 
into s tetra phenyl ethane (Anschutz, A 235, 
209) • 

BROMO PHENYL GLYCOCOLL v Bbomo- 

PHENYL AMIDO ACETIC ACID 

DI BROMO DI PHENYL GUANIDINE 
C,,H,iBr,N, From di phenyl guamdine hydro 
chloride, water, and Br (Hofmann, A 67, 148) 
Scales (^from aloohol) — B'HCl — B'j,H,Pt01, 

Tn bromo tri phenyl guanidine 
C,„H,4N,Br3Cl 1 e (C«H4BrNH)2C N 0«H4Br 
White amorphous powder Prepared by the 
action of p bromanihne on iso cyan p bromo 
phenyl chlonde — B'HCl white crystms, easily 
soluble m aloohol and ether — (B'HCl) ^PtCl*, 
light yellow plates (Dennstedt, B 13, 232) 

p BROMO PHENYL MERCAPTAN 
C,H4BrSH [76°] (231°) From j) bromo- 

benzene sulphochloride, tin, and HCl (Hubner 
a Alsberg, A 156,827) Formed also by boilmg 
bromo phenyl cysteine or bromo phenyl mer 
capturio acid with NaOHAq (Baumann a 
PreuBse, B 12, 806 , if 6, 819) Lamm© 
(from alcohol) , volatile with steam , si sol 
hot water Cono H,S04 forma a green 

solution, turning blue Sodium amalgam forma 
phenyl mercaptan Chloral lonns a ooraponnd 

B B 2 
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[72°] HCl passed into a mixture of p bromo 
phenyl mercaptan and benzoic aldehyde forms 
dip bromo di phenyl di thio - benzaldehydate 
CoHs»CH/S CaH^Br), [80°] (Baumann, B 18,885^ 
HCl ana acetone form di bromo di thio di- 
methyl ketate (CH8)2C(S CaH4Br)^ [90°] 

p BBOMO PHENYL MEECAPTUEIC ACID 
C„H,aBrNSOs te OgH^BrS CMe(NHAc) CO,H 
Acetyl bromo phenyl amido thio lactic acid 
[163°] S 1 4 at 100° Occurs in the urine 
of animals which have taken bromo benzene 
Formed also by treating bromo phenyl cysteine 
with benzene and Ac^O (Baumann a Preusse, B 
12, 806, H 6, 309, Baumann, B 16, 1782, 
Jaffe, B 12, 1092) Needles , insol cold water, 
Bol hot water and alcohol L80\ orotatory in 
alcoholic solution, dextrorotatory in alkaline solu 
tion Boiling aqueous NaOH gives p bromo 
phenyl mercaptan, NH,, HOAc, and pyruvic 
acid Boiling cone HClAq or dilute H^SO^ gives 
acetic acid and bromo phenyl cysteme Cone 
H^S04 gives a blue solution 

Salts — BaA'jSaq S 2 at 16° — MgA'^Oaq 
— NH.A' S 3 at 15° 

BEOMO DI PHENYL METHANE C^H^Br 

CHPhBr [46°] From di phenyl methane 
(1 mol ) and Br (1 mol ) at 150° (Friedel a 
Balsohn, Bl [2] 33, 839, 687) Crystals, v e 
sol benzene Water at 100° forms di phenyl 
carbinol and its anhydride Boiling alcohol 
forms CHPh2.0Et Cone NHjAq gives 
CHPhjNHj 

Di bromo di phenyl-methane CPhjBrj From 
di phenyl methane (1 mol ) and Br (2 mols ) at 
160° Liquid Water at 150° converts it into 
benzophenone Decomposed on distillation 
giving tetra phenyl ethylene Sodium and water 
form tetra phenyl ethane 

Bromo tn phenyl methane C,pH,5Br t e 
PhjCBr [162°] Obtained by brommating tri- 
phenyl methane in sunlight or at 160° (Allen a 
Kollicker, A 227, 107 , Henderson, C J 61, 224 , 
Schwarz, B 14, 1620) Yellow hexagonal rhom 
bohedra (from CSj) a c = l 784 (Hintze, Z K 
9, 636) Decomposed above 200° mto HBr and 
phenylene di phenyl mrthane Successive 
treatment with boilmg HOAc and water forms 
tn phenyl carbinol NH, forms PhgCNHj 
KCy gives PhaC Cy Potassium sulphocyanide 
gives Ph,C SCN 

TEI BEOMO DI PHENYL METHYL AMINE 

V Tbi bbomo methyl di phenyl amine 

BEOMO PHENYL -METHYL FTTEPUEANE 
TETEA BEOMIDE C„H;Br,0 [210°] Bronzy 
plates Formed by ^e action of bromine on 

HC-CH 

phenyl - methyl furfurane // % 

PhO-0— CMe 

(Paal, B 17. 2760) 

BEOMO -PHENYL METHYL PYEA20L0NE 

V BbOMO'OXY phenyl methyl pybazol. 

7 -BEOMO- 7- PHENYL- DI- METHYL SBC- 
CnriC ACID Ph CHBr CH(CO^) CHMe CO^ 
From the lactone of y oxy y phenyl di-methyl- 
succmio acid (g v ) and cone HBr at 0° (Fittig 
a Penfield, A 216, 123) Small crystals (from 
benzene) V sol alcohol or ether, m sol benz 
ene Warmed with water it gives off CO, and 
forms plates of an acid which appears to be i 
PhCHClLCHMe.CO,H. 


1 TETEA BEOMO PHENYL METHYL - THIO- 
PHENE CpIiBr^S [187°] Formed by bromma- 
tion of phenyl methyl thiophene Fine needlea 
' or plates V sol benzene, ether, and petroleum 
spirit, m sol alcohol and acetic acid (Paal a« 
PuBchel, B 20,2669) 

BEOMO PHENYL METHYL TJEETHANE v. 

Methyl ether of Bbomo phenyl carbamic acid 
BEOMO PHENYL MUSTAED ^L v Bbomo- 

PHENYL THIO CARBIMIDE 

DI BEOMO PHENYL (3) NAPHTHYL- 
AMINE C,eH,oBr,NH [140°] White needles 
Prepared by brommation of phenyl (j8) naph- 
thyl amine (Streiff, B 13, 1853 , A 209, 158) 
Tetra bromo-phenyl (8) naphthyl-amine 
CjflHsBr^NH [198°] SI sol alcohol, ether and 
C^Hg, m sol C 3^ and CHCl, Prepared by fur- 
ther brommation of the dibromo derivative 
Tn bromo phenyl (a) naphthyl-amme 
CigHjjBrsNH [137°] Qplourless prisms Soluble 
m alcohol and benzene Prepared by bromina- 
tion of phenyl (a) naplfthylamme (S ) 

Tetra bromo phenyl (8) naphthyl amine 
Cj^HgBr^NH [203°] Formed by the action of 
bromine upon an acetic acid solution of benzene- 
azo phenyl (3) naphthyl-amme, or by bromma 
tion of phenyl (3) naphthyl amme Long white 
silky needles (Zmeke a Lawson, B 20, 1170) 
BEOMO PHENYL OCTANE v Bbomo octyl- 
benzene 

p BEOMO PHENYL OXAMIC ACID * 

C^H^Br NH CO CO^H [198°] 8 194 at 25°, 

From di bromo di phenyl oxamide and alcoholic 
KOH (Dyer a Mixter, Am, 8, 855) Crystalline 
fibres, sol alcohol and ether KOHAq liberates 
y) bromo aniline Salts — KA' monoclmio 
scales — CaA'j — AgA' — BaA',. 

Ethyl ether 'Etik! [166°] From phenyl- 
oxamic ether and Br (Klinger, A 184, 268) 

DI BEOMO DI PHENYL OXAMIDE 
(C.H^Br NH) AO*- [above 300*] From Br and 
m phenyl oxamide in HOAc (D a M ) 

DI BEOMO DI PHENYL OXIDE (C^H^Br)^ 
[58°] (above 360°) From Br and di phenyl 
oxide in CSj Long plates (from alcohol) (Merz 
a Weith, B 14, 191) , 

TEI BEOMO TEI PHENYL PHOSPHATE 
(CBH,BrO),PO From tn phenyl phosphate and 
Br at 180° Nacreous scales (Glutz, A 143, 193) 
p BEOMO PHENYL PHTHAIJMIDE 
.C-O 

>0 [204°] Fine flat 

\C-NCA4Cl 

needles or scales Sol C,H, and acetic acid, 
less in ether Prepared by heating p brom 
aniline with phthalio anhydride (Gabriel, B 11, 
2261) 

BEOMO- PHENYL. PEOPANE v Bbomo 

PBOPYL BENZENE 

o BEOMO 3 PHENYL PEOPIONIC ACID 

[2 1] OeH^Br COgH 0 Bromo hydrocvnnamio 
acid [99°] Scales Formed by reduction of 
0 bromo omnamio acid with HI and P (Gabriel, 
B 16, 2296) 

m Bromo 3 phenyl propionic acid 
[8 1] CflH^Br C2H4 COA m Bromo hydrocinna- 
mic acid [7o°] Formed by reduction of w- 
bromo cmnamic acid with P and HI Also by 
eliminatmg the NH, group from (3 4 1) bromo- 
amido-phenyl propionic acid by diazotising and 
treatment with alcohol (Gabriel, B 16, 2294). 
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Short thick prisma V sol alcohol, ether, 
benzene, chloroform, and CSj 

p Bromo-;8 phenyl propionic acid 
[4 1] C,H,Br CHj CH, CO H [136°] From 3 
phenyl propionic acid and Br m the cold (Goring, 
C C 1877, 793, 808 , Gabriel a Zimmermann, 
B 18, 1683) Flat needles (from CSj) Oxida 
tion gives p T^omo benzoic acid 
3 Bromo ^'phenyl propionic acid 
CgHj CHBr CH^ CO^H [137°] From cinnamic 
acid and HBr (Fittig a Binder, B 10, 618 , A 
195, 132, Anschutz a Kmnicutt, B 11, 1221) 
Also from 3 bromo 3 oxy phenyl propionic acid 
and HBr (Glaser, A 147, 96) Laminffi De 
composed by heat into EGBr and cinnamic acid 
Boiling water forms 3 oxy 3 phenyl propionic 
acid Ccld NaOHAq gives styrene and COj 
a Bromo a phenyl propionic acid 
CHj CPhBr COgH Bromo hydratropic acid 
[94^] From atropic or afcrolactic acids and cold 
cone HBrAq ^Fittig a ^^urster, A 195, 146, 
Merling, A 209, 13) Tables, insol water, sol 
ordinary solvents Boiling NajCOaAq produces 
Btrolactic acid 

3 Bromo a phenyl propionic acid 
CH^Br CHPh COjH [94°] Formed by heating 
atropic acid with cone HBrAq at 100° Prisms, 
insol water Boilmg Na.^COaAq produces tropic 
acid, styrene, and a very little atropic acid 
Ammo«iia forms 3 amido o phenyl propionic 
acid [169°] (M ) 

a3 Di bromo 3 phenyl propionic acid 
CJi, CHBr CHBr CO H [195°] (G ) . [201°] (S ) 
From cinnamic acid and bromine vapour 
(Schmidt, A 127, 320, Fittig a Binder, A 195, 
140) Also from a bromo 3 oxy phenyl propionic 
acid and HBr (Glaser, A 147, 91) Laminse 
(from alcohol) , V sol ether and alcohol, v si sol 

CSj 

Reactions -r 1 Sodium amalgam forms 
phenyl propionic acid —2 Boihng water gives 
cinnamic acid, bromo oxy phenyl propionic acid, 
phenyl acetic aldehyde and w bromo styrene 
3 Alcoholic KOH gives a and 3 bromo om- 
namic acids 

Salts — NaA' -“BaA'j 

Methyl ether MeA' [117°] (Anschiitz, 
B 12,538) 

Ethyl ether EtA' [69°] From cinnamic 
ether and bromine (Perkin, jun , C J" 45, 172) 
n Propyl ether PrA' [23°] 
a3 Bi bromo a phenyl propionic acid 
CHjBr CPhBr CO^H [116°] From Br and atro 
pio acid in CS2 (Fittig a Wurster, A 195, 145) 
Needles (from CSJ Decomposed by boiling 
water mto COj, HBr, and acetophenone Sodium 
amalgam forms a phenyl propionic acid and 
oxy phenyl propionic acid Excess of NaOHAq 
gives atroglyoerio acid C^HujO^ (Fittig a East, 
A 206,80) 

Tri bromo-phenyl propionic acid 
OgHj CHBr CBrj COjH [161°] From bromo 
cinnamic acid [120°] and Br (Glaser, A 143, 
335 , Stockmeier, Bn 2, 872 , Kmnicutt, Am 
4, 25) Small flat monochnic needles (from 
dilute alcohol) Boiling water gives CO^, di 
bromo styrene, bromo-cmnamio acid, and di 
bromo oxy phenyl propionic acid 
Tri bromo phenyl propionic acid 
CeH* OBr, CHBr COJB [148°] Formed by the 
oombmatiOD of the bromo oinnamio acid [159°] 


with Br Tnchnic prisms Sol hot benzene, 
V e sol alcohol and ether, si sol cold GS, It 
decomposes at its melting pomt evolvmg HBr 
By standing for a short time with water it is 
converted into a neutral oil , hot water decom- 
poses it at once (Michael a Brown, B 19, 1380) 
Tn bromo a phenyl propionic acid 
CBH,Br80a [160°] From bromo-atropio acid 
and Br (F a W ) Needles (from ligrom) 

o3 DI BEOMO PHENYL PKOPIONIO ALDE- 
HYDE OgHj CHBr CHBr CHO Cinnamic alde- 
hyde dibromide [0 100°] Small needles 

Formed by the direct combination of omnamio 
aldehyde and bromme It readily sphts off HBr 
on heating, giving bromo cinnamic aldehyde 
(Zincke a Hagen, B 17, 1814) 

DI BROMO 3 PHENYL PROPYL ALCOHOL 
C^H.oBr^O ^ e C„Hs CHBr CHBr CH^OR 
Stycerin dibromhydrin Styrone dibromide 
[74°] From Br and cmnamyl alcohol in CHCl, 
(Grimaux, Bl [2] 20, 120) Tables or needles 
(from ether) Insol water Boiling water con- 
verts It into C„H, CH(OH) CH(OH) CH^OH 
Acetyl derivative 
C A CHBr CHBr CH^OAc [86°] , pnsms 
DI - BROMO PHENYL PROPYLIDENE - 
ANILINE O^Hj N CH CHBr CHBrPh [176°] 
From cmnamylene anihne and bromine (Schiff, 
A 239, 384) Needles (from alcohol), 

DI - BROMO - PHENYL - PYRAZOL DIHY - 
DRIDE C^HgBraNjf. [93°] Di bromo phenyl 
pyrazoline From phenyl pyrazolme and Br in 
chloroform (Fischer a Knoevenagel, A 239, 
199) Plates (from alcohol) , v si sol water 
In dilute acid solution it gives a violet 
colour with KaCrjO, Alcohohc KOH forms 
CjH8Br(OEt)N2 [66°], which crystallises from 
alcohol m pale yellow prisms Boihng HClAq 
gives off EtCl and forms bromo oxy phenyl 
pyrazol C„HeBr(OH)N2 [214°] , this has acid 
characters and forms greenish yellow crystals 
(from alcohol) 

DI BROMO (a) PHENYL PYRIDINE DI- 
CARBOXYLIC ACID C„H,Br2NO, [206°] 
From [2 1] C;H,(C02H) C,H8N(C02H) [8 2] and 
bromine (Skraup #a Cobenzil, M 4, 469) 
Granules, v si sol water, m sol warm alcohol 
DI BROMO DI PHENYL SULPHIDE 
(C,H«Br)28 [110°] From di phenyl sulphide 

and Br, or from (CaH4NH2)2S by diazo reaction 
Nacreous lamin© (Krafft, B 7, 1165) 

Di p bromo di phenyl disulphide (C^H^Br) 
[94°] Fromp bromo phenyl mercaptan by atmo- 
spheric oxidation Plates, not volatile with 
steam (Hubner a Alsberg, A 156, 328, Bau 
mann a Preusse, H 6, 320) 

DI p BROMO DI PHENYL SULPHONE 
(C„H,Br)3S02 [172°] From p bromo benzene 

and ClSOjH (Armstrong, 0 J 24, 173) or SO, 
(N Siting, B 8, 694) Also from bromo benzene, 
benzene sulphochloride, and AljCl, (Beokurts a. 
Otto, B 11, 2066) Needles, si sol hot alcohol 
p BROMO PHENYL THIO CARBAMIC 
ETteR 0,H,„BrNSO le C,H,Br NH CS OEt. 
Bromo phenyl thw urethane [105°] From p 
bromo phenyl thio carbimide and alcohol at 
120° (Dennstedt, B 13, 231) Slender needles 
p Bromo phenyl di thio carbamio ether 
C„H<Br NH CS SEt Bromo di thw carbanthe 
ether [89°] From p bromo phenyl thio carb* 
imide and mercaptan at 140° (D ) 
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» Bromo phenyl thio-carbimide- 
CABr N CS p-Bromo phenyl mustard oiL 
£61°] Prepared by heating p bromo aniline 
■with CSj in alcohoho solution with a little 
aqueous KOH , the resulting thio urea being dis 
tilled with PjOj or heated with cone HCl at 160° 
(Dennstedt, jB 13,230, Weith and Landolt, 2? 8, 
716) 

DI p BEOMO DI PHENYL DI THIO CINNA- 
MIC ALDEHYDATE CH(S C,H,Br), 

p^ Bromo phenyl mercaptal of cinnamic aldehyde 
[107°] Formed by passing HCl gas into a mix 
ture of p bromo phenyl mercaptan and cinna 
mic aldehyde (Baumann, B 18, 885) Long 
colourless needles SI sol cold alcohol and 
ether 

BKOMO PHENYL THIO GLYCOLLIO ACID 

C«H,BrS02 le C,H,Br S CH^ CO^H [112°] 
From CgH^S CHj COgH and Br m CSj (Cla^sson, 
Bl [2] 23, 444) 

DI p BEOMO DI PHENYL DI THIO DI 
METHYL KETATE (CH,)^ C (SC«H,Br)^ 
p Bromo phenyl mercaptol of acetone [90°] 
Long transparent prisms V sol hot alcohol, 
ether, and benzene Formed by passing HOI 
gas into a mixture of p bromo phenyl mercaptan 
and acetone (Baumann, B 18, 888) 
p BEOMO PHENYL THIO DEEA 
NHj CS NHC«H,Br [183°] From bromo 
phenyl thio carbimide and alcohohe NHj 
(Dennstedt, B 13, 231) Needles 
p Bromo di phenyl thio urea 
NHPh CS NH 0«H,Br [158°] From bromo 
phenyl thio carbimide and aniline (D ) 

Di - p - bromo - di phenyl - thio - urea 
CS(NH C0H4Br)2 [178°] From p - bromo 
aniline, CS^, and alcohol in presence of some 
KOHAq (D , Otto, B 2, 409) Prisms 

BEOMO PHENYL. THIO IJEETHANE t; 
Bbomo-phentl thio caebamic etheb. 

TETEA.BEOMO PHENYL jp-TOLDIDINE 
CijH^Br^N [166°] Formed by addmg a sola- 
tion of Br in glacial HOAo to an aloohohe so 
lution of phenyl p toluidine (Bonna, A 239, 58) 
Hepta bromo phenyl p toluidme CuH^Br^N 
[185°] From phenyl p tol^vdine and Br at 280° 
Endeoa bromo phenyl p tolxudine 
CijHjBrjjN [296°] Formed from phenyl p* 
toluidme and Br at 310° 

BEOMO .p. PHENYL TOLDENE C„H„Br 
[127°-131°] From p phenyl toluene and Br 
Small tables (from alcohol) (Carnelley a Thom 
son, 0 J 47, 689) 

DI p BEOMO DI PHENYL TJEEA 
CisHi^r^NjO 1 e CO(NH CgH^Br)^. Ih bromo 
xarhanilide From di phenyl thio urea and Br 
(Otto, B 2 409) Formed also by decomposition 
of the product from COCl, and diazobenzene p- 
bromanilide Prepared by the action of car 
bonyl chloride on p bromanihne (barauw, B 
16, 45) White glistemng plates Sublimes at 
225° without meltmg SL sol alcohol and 
benzene 

Tatra bromo di phenyl urea 
CO^NH C,HgBr^)2 Sublimes m needles (0) 
BEOMO phenyl DEETHANE v Baoico 

>HENTL-CABBAMIC ETHEE 

DI BEOMO PHENYL VALEEIC ACID 
0,H, CHBr CHBr CHj CH 2 COgH [109°] From 
atyryl propiomo aoid and Br (Baeyer a Jackson, 
B 18,12i) 


BEOMO PHLOBAPHENE o PnXiOBAPHStnt^ 
BEOMO . PHLOEETIC ACID ti. Phloebtio 

ACID 

TEI BEOMO PHLOEOaLDCIN 0,Br,(0H), 
[161°] Formed by brommatmg phloroglucm 
(Hlasiwetz, A 96, 118, Herzig, M 6, 885) 
Long needles (containing 3aq) (from water) 
Beduoed by tm and HCl to phlorj&lucin Con 
verted by cold HNO, (S G 14) fnto tri bromo 
di nitro propionic acid (Benedikt, A 184, 255) 
Tri acetyl derivative CgBr8(OAo), 
[183°] (Herzig, M 6, 887) 

Hexa bromo phlorogluoin dibromide 
CaBr5(OBr)5 [118°] The final product of the 
bromination of phloroglucm (Hazura a Bene- 
dikt, iltf 6, 702) Small golden needles (from 
CHCls) At 190° It gives off Br ,(1 mol ) 
Aqueous SOj reduces it to C8Br8(OH)8 Tin and 
HCl form C8H,Cl8(OH)8 

DI - eso BROMOr v . PHOSPHO - AMIDO- 
BENZENE SDLPHOl^XC ACID 
(H0)2P0 NH C«H,Br2.SOsH The chloride 
CljPO NH CgBL^rj SOgCl is formed by treating 
* di bromo amido benzene sulphooic acid with 
PCI5 It IS converted by alcohol into the 
ether chloride (EtO) J'O NH C^H^Brj SO^Cl 
[c 170°] (Laar, J pr [2] 20, 257), 

BEOmO PHTHALACEME V Phthalacene 
i BROMO PHTHALIC ACID C.HjBriCO^H)* 
[1 3 4] [140°J Formed, together with, its iso 

mende, by brommatmg phthalic acid (P’aust, A 
160, 62 , Pechmann, B 12, 2124 , cf Guareschi, 
A 222, 295, Stallard, C J 49, 187) Powder. 
V sol water, alcohol, and ether 

Salts — K2A"2aq long needles (from alco- 
hoi) — BaA" 2aq crystalline powder , si sol 

water — Cu A" — Ag^A" cheesy pp , si sol water 
Anhydride C,B^Bi{CO)^0 [65°] (300°- 

340°) 

Ethyl ether EtjA" * (294°) » liquid 
c Bromo phthalic acidCeH^Br(C02H)o[l 2 3] 
[176°] (G ) , [174°] (M ) , [197°] (C a T ) 

1 Formation — 1 Together with the preceding, 
by brommatmg phthalic acid (Pechmann) — 
2 By the oxidation of bromo nitro naphthalene 
[122 5°] with KMnO, (GuaresChi, A 222, 292), 
of bromo (/3) naphthol with KMnO, (Meldola, 
C J 47, 512), of liquid bromo ditolyl (Carnelley 
a Thomson, G J 47, 691), of di bromo naph 
thalene [180°] with CrO, in HOAc (Guareschi, 
B 19, 134), of C,oH,Br,(OH) [1 a; 3 4 2] with 
KMnO, (Smith, 0 N 40, 87), and of (a) bromo 
naphthalene, and bromo 0 toluicacid [167°] with 
dilute HNOj (Racine, A 239, 76) The bromo 
o toluio acid may be prepared from bromo 0- 
toluidine C8H,MeBr(NH2) [15 2]? by Sand- 
meyer’s method , 70 g of bromo toluidme gave 
63 g of bromo phthalic acid 

Properties — White prisms (from water) , v 
si sol chloroform, m sol water, alcohol, and 
ether With resorcin it gives a fluorescem (Nour- 
riBBon, B 20, 1016) The salt BaA" forms pearly 
plates, si sol water 

Anhydride C«H,Br(CO)20 [185°] (Mel 
dola) , [132°] (G ) . [126°] (Smith) , [108°] (Nour 
nsson) , [95°] (Racme) Needles Heated with 
phenol and H3SO, it forms a body (? bromo- 
phthalide) that dissolves in alkalis fonmng a 
purple solution 

Di bromo phthalic acid 08H3Br3(C0 H), 
[1 4 2 8] [136°] From di bromo napbthalena 
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(82°] an4 HNO, White crystalline powder, sol 
boilmg water and alcohol (Guaresohi, A 222, 
274) On melting it changes to its anhydride 
Salt — Na^A" 

Anhydr%d6 [208°] Pearly needles (by 
sublimation) Heated with phenol and HjSO^ it 
forms a product (dibromophthalein) that dis 
solves in potash forming a purple solution 
Di bromo^hthalio acid CeH2Br2(C02H)2 
[206°] Formed by oxidation of penta bromo- 
(a) naphthol or of tetra bromo (a) naphthoquin 
one by means of dilute HNO, at 150° (Blumlem, 
B 17, 2490) Colourless needles V e sol al 
cohol, ether, and hot water 

Salts — A"Ag2 small colourless plates, 

sparingly soluble —A' Ca pp — A"Ba pp 

Anhydride CflH2Br2<^QQ^O [208°] Sub 

limes in long colourless needles Easily soluble 
in alcohol, sparingly in water and ether Formed 
by heating the acid Heated with resorcin it 
yields a di bromo fluorefcem 

Di bromo tetra hydro phthalic acid 
CgHgBr2(C02H)2 Di brovio tetra hydro benzene 
di 0 carboxylic acid Formed by the direct 
combination of dry di hydro phthalic acid with 
bromine vapour Bhombohedra (Baeyer, B 19, 
1810) 

Tri bromo phthalic acid C„HBra(C02H)2 

» Formed by oxidation of penta bromo 
phthol or of tetra bromo (/3) naphtho- 
quinone with HNO, (Flessa, H 17,1482) Small 
silvery plates or needles Nearly insoluble m 
petroleum ether and in cold water 

Salts — AgjA" — CaA" 2aq — BaA"2aq 
Anhydride OaHBra{CO)20 [167°], sub 
limes in white plates , easily soluble m alcohol 
and ether, nearly insoluble in cold water 

Tetra bromo phthalic acid CaBr4(C02H)^ 
[266°] Formed by oxidation of tetra bromo o 
xylene by heaftngwith dilute HNO, and bromine 
at 170° (Blumlem, B 17, 2493) Small needles 
or colourless prisms V si sol water With 
resorcin it yields a tetra bromo fluorescem 
Salts — A"Ca — A' Ba 

Anhydride C,Br4<^QQ^O [269°] Formed 

by heating the acid Sublimes in colourless 
glistening needles SI sol almost all solvents 
V also Bromo tbrephthalio acids 

BROMO-PHTHALIDE Ce^»Br<^Q2>0 

[^8 or 6 J], [100°] Formed m small quantity, 

together with bromo o toluic acid, by the action 
of bromine water on o toluic acid (Racine, A 239, 
76) Needles (from dilute alcohol) , sublimes 
readily Insol cold water or Na-^OOsAq Gives 
bromo o toluic acid [167°] on oxidation 

(a) Bromo phthalide [86°] 

From phthalide and bromine at 140° (Racine, A 
239, 79, B 19, 778) Small cubes or tables 
(from ether) May be distilled Hygroscopic 
Slowly decomposed by cold, quickly by hot, 
water, forming phthalic aldehyde acid 
C,H4(C02H)(CH0) Alcohol converts it mto 
C„H4(C02Et)(CH0) KMnO^ oxidises it to 
phthalic acid Ammonia forms amido 

phthalide, J>0 [167°] 


Bi-bromo phthalide 04H4Br20g i.e. 
O.H^r,<®^>0 [i i]. [188°] 8.(94 

alcohol) 87 at 16° From di-bromo naphthalene, 
OrOj and glacial acetic acid (Guaresohi, A 222, 
282) Prisms or needles (from alcohol) Neutral 
reaction Does not reduce ammomaoal AgNO,, 
With phenol and HjSO, gives no dye on heating 
DI-BEOMO-PICENE v Picbnb 
BEOMO - PICEIN V Tbi bbomo - nitbo - 

METHANE 

BBOMO PIPEE HYBEONIC ACID t; Bbomo- 

DT-OXY PHENYL VALERIO ACID 

BEOMO PIPEEIC ACID Dihydride, 
C,2H„Br04 or 

OH, CH,CH OH 0O,H 

Bromo (j8) hydro pipenc acid [171°] From 
bromine and (/8)-di hydro piperic acid (Fittig a 
Bun, A 216, 177 , Weinstein, A 227, 42) 
Streaky white plates (from benzene) — Salt* — 
CaA'2 

Reactions — 1 Not affected by boiling aque- 
ous KOH — 2 KMn04 oxidises it, m neutral 
solution, to bromo piperonyhc acid [204 “], 
bromo-pipero propiomc acid (q ) and bromo- 
piperonal , hence Br is in the benzene nucleus. — 

3 Sodium-amalgam forms piperhydronio or 
methylene di oxy phenyl valeric aci(i C,3H,404 

DI BEOMO PIPEEINIDE v Bromo-tri oxy- 

PHENYL VALERIO ACID 

BEOMO PIPEE05TLIC ACID v Bbomo di- 

OXT BENZOIO ACID 

BEOMO PIPEBO PROPIONIC ACID v Meth- 
ylene derwative of Bromo di oxy-phenyl-pbo- 

PIONIC ACID 

DI BEOMO . PEEHNITOSE v Di bbomo- 

durbne 

BEOMO PROPANE v Propyl bbomidb 
Di bromo propane CgHgBra 
CHg CHBr CH2Br (141 5°) Propylene bromide 
S G g 1 9617 (Zander, A 214, 176) 8 V 118 9 

(Z ) , 118 4 (Schiff) 

Formation — 1 From propylene and Br 
(Reynolds, A 77, 120 , Cahours, C R 31, 291 , 
Wurtz, A 104, 244) — 2 From bromo propylene 
and HBr — 3 Together with tnmethylene bro- 
mide by the union of HBr with allyl bromide 
(Geromont,HZ [2] 16, 113, Reboul, Bl [2] 17,350) 

4 From propyl bromide and Br (Lmnemann, 
A 161,41) 

Properties — Liquid with sweet smell 
Reactions —1 Alcoholic KOH forms two 
bromo propylenes and, finally, allylene (Sa 
witsch, G R 62, 399) —2 AgOAc gives the di 
acetyl derivative of propylene glycol (Wurtz, A 
Ch [3] 4, 438) AgOBz gives the correspondmg 
benzoyl derivative (Friedel a Silva, G R 73, 
1379) — 3 Converted into propylene by Zn and 
HOAc or sodium amalgam in alcohol (Linne- 
mann, B 10, 1111) — 4 Aqueous HI at 160° 
gives isopropyl bromide — 6 Heated to 100° 
with Ag 0 an<i water it gives propionic aldehyde 
but no propylene glycol (Beilstem a Wiegand, 
B 16, 1496) — 6 Water (20 vole ) and PbO at 
150° gives acetone, propionic aldehyde and 
propylene glycol (Eltekoff, J R 10, 212) — 
7 Protracted boiling with water gives propylene- 
glycol (Niederist, A 196, 349) 

ao Di bromo propane CH, OBr^ CH, Methyl 
bromacetol Bmnacetol Acetone bromide (116°) 
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SG if 18476, Jf 18314 M M 10137 at 
20 7*^ (Perkin) Formed m small quantity from 
acetone and PBr. or PCl^r^ (Linnemann, A 
138, 125, Friedel a Ladenburg, Z 1868, 48) 
Also from allylene and cone HBr (Reboul, C R 
74, 669) , and from a bromo propylene and HBr 
Reactions — 1 Water at 160" gives acetone — 
2 Zn and HOI give propane (Linnemann, A 
161, 67) — 8 Alcoholic KOH gives a bromo 
propylene CHj CBr CH^ 
oeca Di bromo propane 

CH, CHj CHBrg (c 130°) From a> bromo pro 
pylene CH, CH CHBr and cone HBr (Reboul, 
A Ch [6] 14, 467) 

o»,» 2 -Di-bromo-propane CH^r CH^ CHjBr 
Trimethylene bromide (165°) y G - 2 00b (Z ) , 
c 2 018 (G ) , 1 9228 (F ) S V 117 8 (Z ) 

Formed from »,<», di oxy propane and HBr 
(Freund, M 2, 639) 

Preparation — Allyl bromide is saturated 
with very nearly dry HBr at —16°, sealed up 
and left at 80° for 24 hours The tube is 
opened and the operation repeated as long as 
any gas is absorbed (Geromont, A 158, 370, 
Reboul, A Ch [5] 14, 472 , Erlenmeyer, B 12, 
1354, A 197,184, Roth, R 14, Idol , Bogomo 
hta, Bl [2] 30, 23) 

Reactions — 1 Alcoholic KOH forms allyl 
bromide or allyl ethyl oxide —2 Alcoholic NH, 
forms some amorphous bases (Niederist, M 3, 
840) — 8 Heated to 100° with Ag^O and water 
it gives tn methylene glycol thus dififenng from 
the isomenc propylene bromide which gives 
propiomc aldehyde (Beilstein a Wiegand, B 15, 
1496) — 4 AljBr, converts it into propylene 
bromide (Gustavson, J pr [2] 36, 303) 

aMMi-1^-bromo>propane OH, CHBr CHBr,. 
(201°) From « bromo propylene and Br 
(Reboul, A Ch [5] 14, 481) 

oKto-Iri - bromo - propane CH, CBr,.CH,Br 
(191°) S G ^ 2 35 Formed by the union of 
bromo propylene with Br (Reboul, A Ch [5] 
14, 481 , C Kolbe, J pr 133, 393) 

e-Tn-bromo-propano CH^r CHBr CBfir 
Tri-hromhydrm [17°] (220°) SG ^2 44 

Formation — 1 From ai bromhydnn or 
epibromhydrm and PBr, (Berthelot a de Luca, 
A 101, 76, Henry, A 154, 369) —2 From 
allyl bromide and Br (Tollens, A 156, 168) — 
8 By bromination of isopropyl bromide (Linne 
mann, A 186, 63) — 4 From allyl iodide and Br 
(Wurtz, ^ 104,247) | 

Properties — Pnsms or hquid j 

Reactions — 1 Alcoholic KOH gives I 
CH C CH^OEt — 2 Solid KOH gives two di 
bromo propylenes — 3 AgOAc gives tnacetin 
C,H^(OAc),— 4 KCy gives C,H^(Cy )3 — 6 Alco- 
holic NH^ forms di bromo di allyl amme and 
then methyl pyridine 

Tetra-bromo-propane CH, CBr, CHBr, 
Allylene tetra bromide (225°- 230°), (110°-130°) 
at 10 mm S G ^ 2 94 From allylene and Br 
(Oppenheim, Bl [2] 2, 6 , 4, 434 , A 132, 124) 
liiquid, decomposed by alcoholic KOH into HBr 
and tn bromo propylene (c 193°) (Pinner, A 
179, 59) 

Tetra bromo propane CH;Br CBr, CH,Br 

[195°] From iso allylene and Br (Hartenstem, j 
J pr mi, 317). 


The following tetra>bromo*propane 8 have also 
been prepared 

(а) (261°) , S G 2 64 From propylene 
bromide and Br (Reboul, A Suppl 1, 232) 

( б ) [69°], (c 235°) By brominating iso- 
propyl bromide (Linnemann, A 136, 64) 

(c) (226°) , S G 2 47 From propylene 

bromidevand Br (Cahours, A 76, 284) 

Penta bromo propanes CaH^Br,^ The follow 
ing have been described 

(a) (255°) , S G 2 60 From propylene 
bromide and Br (Cahours, C R 31, 291) 

(b) [173°j From tn bromo propylene and 
Br (Pmnei, A 179, 60) 

(c) CHBr, CBr, CHBr, S G 3 01 From 
propargyl bromide and Br (Henry, B 7, 761) 

BROMO-PROPIOLIC ACID CBr C CO,H 
Formed by decomposing muoobromic acid with 
baryta (Jackson a Hill, B 11, 1675 , Am 3, 
121) Prisms (from efher) V e sol water 
(crystalhsmg therefromrWith xaq) , may be par 
tially sublimed at 100° Boiling water liberates 
bromo acetylene , boiling baryta forms bromo 
acetylene and also malonic acid The acid 
gives with di bromo acrylic acid a compound 
C,HBrO,C,Br H,0, [105°] 

Salts — BaA',a;aq — AgA' 
a BROMO PROPIONIC ACID C,H BrO, tc 
CH 3 CHBrCO,H [25°] (W ) (206° cor) 

Formed by heating propionic acid (1 mol ^ with 
Br (1 mol ) for several days at 150° (Friedel a 
Machuca, C R 63, 408 , A 120, 286) Formed 
also from lactic acid and HBrAq at 100° (Kekule, 
A 130, 16) 

Reactions — 1 Sodium amalgam forms pro- 
pionic acid — 2 Boiling water and ZnO give 
lactic acid The K salt changes slowly to lactate 
m cold aqueous solution — 3 Alcoholic NH, 
forms alanine — 4 Finely divided Ag at 150° 
gives s di methyl succinic acid 

Ethyl ether EtA' (162°), (130°) at 160 
mm 8 G 1 40 From the acid (Bisohoff, A 
206, 319) Also from lactic ether and PBr^ 
(Henry, A 166, 176) Preparation — Propionic 
acid (300 g ) 18 converted into the bromide by 
adding amorphous pho8phoru^(31 g ) and slowly 
running m bromine (400 g ) After the evolu 
tion of HBr has ceased the mixture is brominated 
by heatmg to 40°-50° and slowly running in 
more bromine (640 g ) When the whole of the 
bromine has disappeared the bromo propionyl 
bromide is converted into the ethyl ether by the 
addition of absolute alcohol It is then treated 
with water, washed and fractionated The yield 
from 300 g of propionic acid amounts to 640 g 
of boiling point 166°-1C0° (Zelinsky, R 20, 2026) 
Bromide CH, CHBr CORr (166°) From 
propionyl bromide and Br , also from propionic 
acid, P, and Br (Weimg, A 242, 163) ZnMe,, 
followed by water, gives methyl isopropyl ketone 
and di methyl isopropyl carbinol (Kashirski, 
C C 1881, 278) 

Imide (CH, CHBr CO),NH [148°] Formed 
by the action of water on the compound 
(CgH^NBr,) of propionitrile with Br (Engler, A 
142, 71) Needles, m sol hot water 

)3 Bromo propionic acid CH,Br CH, CO,H 
[62°] Small glistemng plates Formed by 
heatmg hydracrylic acid with HBr at 120° 
(Beokurts a Otto, R 18, 227). 
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Dl bromo propionic acid 

CH,Br CHBr CO,H [64°] (227°) S 1946 

(?19 46) at 11°, S (ether) 804 (?8 04) at 10° 
Formation — 1 Got by oxidising di bromo- 
propyl alcohol with HNO, The yield is bad 
(Munder a Tollens, B 5, 73 , A 167, 222) —2 
Also by union of acrylic acid with Br (Caspary 
a Tollens,, A 167, 266) — 3 From acrolein di 
bromide ai^ HNO, (Lmnemann a Penl, B 
8, 1097) — 1 By the action of HBr upon a 
biomo acrylic and aa di bromo propionic acids 
(Philippi a Tollens, A 171, 33d) 

Properties — Monoclinic crystals (Haushofer, 
J 1881, 687 , Zepharovich, J 1878, 693) It 
crystallises in two forms tables [64°] and 
prism? [61°] , the latter slowly change into the 
former The salts readily split off bromide, 
forming /3 bromo acrylic acid 

Reactions — 1 Converted into acrylic acid by 
KI and water, or by Zn and H^SO^ [v Zotta, A 
192, 102 , C a I ) — ^ Water at 120° gives 
bromo oxy propionic acflM (Mehkoff, J R 13 227) 
Salts — AgA' — NH^A' — AA' — CaA'^2aq — 
SrA'^ 6aq 

Methyl ether MeA' (206 8° cor ) (Weger, 
A 221,84) 

Ethyl ether 'EtA' (214 6° cor ) 

Ally I ether CsH^A' {215°-220°) 

Propyl ether PrA' (233° cor ) 
aa Di bromo propionic acid CH., CBr^ CO^H 
[G5°]^F a M), [61°] (P a T ) (o 224°) biom 

0 biomo propionic acid and Br (Friedel a 
Machuca, C R 64, 220 , Philippi a Tollens, B 
6, 616) Trimetiic tables 

Reactions —1 Zn and H SO4 reduce it to 
propionic acid — 2 Alcoholic KOHgivesa biomo 
acrylic acid —3 Ag^O forms pyruvic acid — 4 
Finely di\ ided silver in benzene gives di meth} I 
maleic anhytlnde —6 The salts are more stable 
than those of the preceding acid, but the silver 
salt wanned w^th water changes to pyruvic acid 
(Beckuitsa Otto, J? 18,235) 

Salts — NH4A' ^aq — NaA' — KA'aq — 
BaA'/Jaq — CaA'3 2aq — SrA'jbaq 

Methyl ether (c 177°) SG ^ 1 904 
Ethyl ether EW (191°) SG e 1 754 
Pi opyl etherVrk' (c 202°) SG e 1 08I 
Isobutyl ei /ter P1CH3A' (c 216°) SG 
s 1 578 

aa)3 Tri-brorao-propionic acid 
CH,Br CBr^ CO^H [95°] 

Foimation — 1 By oxidation of aciolein 
bromide (Lmnemann a Penl, B 8, 1097) — 
2 Fiom a bromo aciylic acid and Br (Maiithner 
a Suida, iir 2, 99, Michael a Noiton,i4m 2,17) 
—Monoclinic piisms ahc = 

1 83 1 316 , jS » 66° , m sol water, v sol alco- 
hol and ether On heating the Ba salt CH^ CBr^ 
IS foiraed Alcoholic KOH gives a^ di biomo 
aciylic acid 

Salt — Ba A'j £caq needles 
a/3j3 Tn bromo propionic acid 
CHBr^ CHBr CO3H [118°] Prepaied by heat 
ing ajS di bromo- acrylic acid for eight houis with 
cone HBrAq (Hill a Andrews, Am 4, 180 , P 
Am A 17, 133) Rectangular plates, v sol hot 
water, ether, and alcohol —AgA* small rhombic 
plates — CaA'j 2aq 

Tetra bromo propionic acid O^HBr^ GO^H i e 
CHBr^ CBr^ CO3H [120°] Prepared by the 
combination of u/B di bromo acrylic acid with Br 


Tnclmio pnsms ▼ e so! alcohol and atlier. 
The Ba salt is decomposed by boiling water with 
formation of tn bromo ethylene Alcohohe KOH 
gives tn bromo acrylic acid 

Salts — AgA' — KA'2aq — BaA'j^q — 
OaA'^aq (Mauthner a Suida, M 2, 107, Hill a 
Mabery, jP Am A 17, 140, Aw 4,266, 6,251). 

DI BROMO PROPIONIC ALDEHYDE 
CH,BrCHBrCHO Acrolein dihromide (c 82°) 
at 6 mm (Grimaux a Adam, Bl [2] 36, 136) 
From acrolein and Br (Aronstein, A Suppl 
3, 185 , Henry, B 7, 1112 , Lmnemann a Penl, 
B 8, 1097) Pungent oil Reduces Fehling’a 
solution Readily polymerises, becoming crystal 
line [84°] in piesence of HCl HNO, oxidises it 
to di and tn bromo propionic acids 

Tri brqmo propionic aldehyde A liquid com- 
bination of this body with propyl alcohol 
CBrs CH(OH)(OPr) appears to be formed on 
ti eating propyl alcohol with Br (Haidy, C R 
79, 806) 

7 BROMO n PROPYL ACETO ACETIC 
ETHER CH^Br CH^ CH^ CH(CO CH3) CO^Et 
Liquid Insol water, sol alcohol and ether 
Heavier than water 

Preparation — 6 grms of sodium are dis 
solved in GO grms of absolute alcohol and added 
to 32 grms of aceto acetic ether The sodio 
aceto acetic ether is then added to 80 grms of 
tn methylene bromide and heated on the water 
bath for half an hour, the yield is 75 pc of 
the theoretical 

Reactions — By boiling with dilute acids it 
yields acetyl butyl bromide and finally acetyl 
butyl alcohol CH, CO CH^ CH^ CH^ CH^OH 
Alcoholic NHg eliminates HBr forming so called 
‘ tn methylene aceto acetic ether ’ (Lipp, B 18, 
3277 V also pp 24 and 40 supra) 

$ BROMO PROPYL ALCOHOL C,H BrO i e 
CH^Br CH CH OH Bromhydnn of tn methylene 
glycol (98°-112°) at 185 mm SG 22 1537 
S 17 at 16° From tn methylene glycol (s di 
oxy propane) and HBr (Fiuhling, M 3, 697) 
w Bromo isopropyl alcohol 
CH3 CH(OH) CH,Br (?) Bromhydnn of Pi opyl 
cue glycol (145°-G48°) From propylene oxide 
and HBr (Markownikoff, Z 1870, 423) 

Di-bromo propyl alcohol 
CH,BrCHBr CH,OH Dibromide of allyl 
alcohol (219°) (Weger, A 221, 83) F p 134 
Methyl derivative CH^Br CHBr CH OMe 
(185°) (Heniy, B 5, 455) 

Ethyl del ivative CH^Br CHBr CHjOEt 
(194°) 

s Di bromo isopropyl alcohol 
CH^Br CH(OH) CH Br Qlycenn di~bromhydnn 
(219°) S G ^5 2 1 From glycerin and PBr, 
(Berthelot a de Luca, A Ch [3] 48, 313 , 
Reboul, A Ch [3] 60, 32) Also from glycerin 
and Br (Barth, A 124, 349) V also Glycerin 
DI-BROMO-PROPYL-AMINE OsH^Br^N t e 
CH^Br CHBr CH^ NHj From allylamine hydro- 
chloride and Br Oil Salts — B'HGl needles 
— B'jHaPtCl, (Henry, B 8, 899) 

BROMO - PROPYL - BENZENE v Bromo 

CUMENE 

Di bromo p di propyl benxene 
[48°] From di propyl benzene and Br (H 
Koiner, A 216, 227) Needles or rectangular 
tables (from alcohol) 
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BJROMO-PROPYL-BENZOIO ACID 


SBOMO.PBOFYL-BEKZOIO ACH) v Bbomo- 

CUMINIC ACID, 

DI-BEOMO PEOPYL BOEATE 

B(0 CHj CHBr dH^Br), Hexabromide of Aixtl 
BOBATB (q V ) Oil 

BEOMO-PEOPYL BBOMIDE v Di BROMO 

PROPANE 

TETEA-BEOMO-DI-PEOPYL-CAEBINOL v 

Tctra BROMO HEPTYI/-AIiCOHOL 

BEOMO - PEOPYLENE C,H,Br te 
CH, CH CHBr (60°) S G 2° 1 43 Pormed, 
together with CH, CBr CH2, by heating propylene 
bromide with alcoholic KOH (Reboul, A Ch [6J 
14, 479) One of the products obtained by boiling 
00 di bromo butyric acid with aqueous Na^COj 
HBi reunites with it forming chiefly propylene 
bromide, but the combination is very much 
slower than with its isomende (dS^^) Alcoholic 
KOH gives allylene Br forms CH, CHBr CHBr^ 
( 201 °) 

a Bromo - propylene CH, CBr CH^ (48°) 
S G 2 1 39 Formed as above (Keynolds, A 77, 
122) Also by the action of alcoholic KOH 
on CH3 CBr CH, (Beboul) , and bv union 
of HBr with allylene (Reboul, C li 74, 669) 
Oil Readily combines with HBr forming 
CHgCBr CH, Br forms CH, CBr CHBr (191°) 
Mercuiic acetate m HO Ac at 100° forms acetone 
Bromo propylene CH^Br CH CH, v Alltl 
BROMIDE p 135 

Di bromo propylene CsH^Br, t e 
CH, CBr CH^Br (140°-143°) (a) JSpt dibrom 

hydrin Fiom CHBr CHBr CHBr and solid 
KOH (Henry, ^ 154,371, B 14, 404) or sodium 
in ether (Tollens, A 156, 168) Converted by 
water at 130° into bromo allyl alcohol 

Di bromo propylene CHBr CH CH Br (152°) 
S G 2 06 Formed, together with the pre 
ceding and propargyl bromide, froms tri bromo 
propane and KOH (Reboul, A Suppl 1, 230 , 
Henry, B 6,186,452) Alcoholic AgNO, forms 
CHBr CH CHjNO,, AgOAc and potassium sul 
phocyanide also form 0 bromo all} 1 salts 

Di bromo propylene CH, CBr CHBr Allylene 
di hroniide (132°) S G e 2 05 From allylene 
and Br (Oppenheim, Bl [2] 2, 6, 4 434, A 
132, 126) Also from CHJ CHBr CHBr2 and 
AgOAc at 120° (Linnemann, A 136, 56) 

Tri bromo propylene CH, CBr CBr, (?) 
(184°) (0 ) , (c 193°) (P ) From allylene tetra- 
bromide and alcoholic KOAc (0) or aqueous 
NaOH (Pinner, A 179, 69) 

Tn bromo - propylene CH,Br CBr CHBr 
S G ^2 2 53 Propargyl tnbrormde From 
propargyl bromide and Br Non volatile oil 
(Henry, B 7, 761) 

Penta bromo propylene CjHBr, From allyl 
bromide, Br, and I at 210° Non volatile oil 
(Merz a Weith, B 11, 2243) 

BEOMO PEOPYLENE-GLYCOt v Glycerin 
BBOMO-PEOPYLENE-UEEA C,H,BrN,0 le 

CO<^g>C.H,Br (?) [120°J Formed by 

warming an aqueous solution of di bromo propyl 
urea (Andreasch, M 5, 40) Silky needles , el 
Bol cold water —B'HCl [148°]— B'HBr [158°] 
— B',H,PtCl« 

1)I.BE0M0 PEOPYL MALOKIC ACID 

C,H,Br,0, t e (CO,H),CH CH, CHBr CH Br 
[121°] From ally! malomc acid and Br in CS, 
(lljelt, A 216, 58 , B 15, 024) Needles m stars 


(from ether) V e sol ether, m sol water* 
Boiled with baryta, it forms di oxy propyl- 
malonate of banum (q v ) 

BEOMO • PEOPYL - PHENOL v Bromo 


CUMFNOL 

BEOMO PEOPYL THIOPHENE 

0,SH2(C3H)Br (189°) Colourless oil Formed 
by bromination of n propyl thiophene (Rufii, jB. 
20, 1741) f 

Di-bromo propyl-thiophene C^SHICsH )Br 
(248°) Oil Formed by bromination of propjl 
thiophene with 2 raols of bromine By further 
bromination it is converted into tctra bromo- 
thiophene (Ruffi, B 20, 1741) 

DI BROMO PEOPYL UREA C,H«Br,N20 t c 
NH CO NH CH, CHBr CH Br [109°] From 
allyl urea and Br (Andreasch, M 5, 38) Needles 
or leaflets, si sol cold water Decomposed by 
heating with water into the isomeric hydro 
bromide of bromo propylene urea {q v ) 

BEOMO PYEIDIN E C,NH,Br [3J (174° 1 V ) 
S G n b45 

Formation — 1 By brominating pyridine 
(Hofmann, B 12, 990) — 2 By the action of 
brornoform upon an alcoholic solution of p}irol 
and NaOEt or upon potassium pyirol in ether 
(Ciamician a Silber, B 18, 721 , Ciaraician a 
Dennstedt, Q 12, 211 , B 15, 1173 , Danesi, G 
12. 150) 

Properties —Alkaline liquid, si sol water 
Reduced to pvridine by zinc and HCl * 

Salts — B' H,PtCl^ 2aq yellow monoclmio 
crjstals, o 5 c « 1 207 1 1 188 0 = 107° 7' — 

LHCl 


Di-bromo pyndine CjNHjBr, [2 6] [111°] 

( 222 °) 

Formation — 1 From pyridine and Br (Hof 
mann, B 12, 988) —2 Together with pyridine 
and mono bromo pyridine by the action of bro 
mine on acetyl piperidine (Hofmann, B 16, 687 , 
cf Schotten, B 15, 421) — 3 From tropidine 
hydrobromide and bromine at 170° (Ladenburg, 
A 217, 148), di bromo methyl pyridine being 
first formed, and ethylene bromide being the 
other product — 4 Formed by heating the tri- 
carboxylic acid [206'’] V 

Pioperties —Long flat pearly needles, insol 
cold water, si sol cold alcohol Very weak 
base (difference from bromo pyridine) 

Salt — B',H Cl,PtCl^ golden yellow needles 
(Pfeiffer, B 20, 1349) 

Methylo chloride Cf^J^H^r^MeCl Formed 
by heating di bromo apophyllin [q v ) with HCl 
(Anderson, A 94, 368 , Hofmann, B 14, 1498 , 
Gerichten, A 210, 99) Moist Ag,0 hberatea 
on alkahne hydroxide — B'jMe^PtClg 

Di bromo pyndine C.NHjBr, [165°] Formed 
by adding bromine to a boihng aqueous solution 
of pyndine sulphonio acid Long white needles 
Begins to sublime at about 80° Sol water, 
alcohol, ether and benzene — B',H,Cl,PtCl4 2aq 
large orange needles, si sol water (Fischer a 
Rcimerschmid, B 16, 1184, cf Konigs, B 
17, 689) 

DI BEOMO PYRIDINE BETAINE 

C4NHyBr2<[^^^*^CO Anhydride of di bromo- 


oxy pyndyl acetic acid Formed by heating di- 
bromo pyndine with chloro acetic acid — 
BHCl colourless needles — B^HgCl^PtCl. large 
soluble brown prisms (Gerichten, B 16, 1253) 
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BB01C0 FTBISIirE Bl-CAEBOXYLIC ACID 

» Bromo apophtllenio acid 

Bromo pyridine di-carboxylic acid 
C,NHaBr/C02H)2 [165°] Formed, together 
with oxalyl anthraniho acid, by oxidation of 
i^Py) bromo quinoline with KMn04 Crystals 
V sol water, alcohol, ether, &c It evolves COj 
at its melting point, yielding bromo pyridine 
mono carbtfcylio acid (bromo nicotinic acid) 
[183°] (Glaus a Collischonn, B 19, 27G7) 

Di bromo pyridine tri carboxylic acid 
C^NBr,(CO H), [26135] [206° anhydrous] 

Obtained by oxidation of di bromo s tii methyl 
pyridine [81 °] with KMnO^ Flat plates (con 
taming 4aq) V sol hot water, si sol alcohol, 
nearly insol ether FeSO^ gives a red coloura 
tion ^Heated to 165° it gives a sublimate of di 
bromo pyridine [111°] 

Salts — AgA'" aq crystalline powder — 
KH5A'"2 6aq glistening colourless needles, sol 
hot water — Cu3A'"2|aa microcrystalline blue 
powder (Pfeiffer, B 2(7; 1347) 

a BROMO a PYRIDYL {Py 2) PROPIONIC 
ACID CsH.BrNO^ le C II^N CBrMe CO^H 
From the correspondmg oxy acid and PBrj in 
CS 

Salt— (CABrN02)HAuBr4 (Hardy a Cal 
mels, [2] 48,232) 

DI BROMO PYROCATECHIN C,H Br (OH) 
Di methyl ether CgH^Br (OMe)^ [93°] 
PrejSared by brommation of the di methyl ether 
of pyrooateohin (Tiemann a Koppe, B 14, 2018) 
Formed also by the action of Br on veratrio acid 
Colourless prisms Sol alcohol, ether and 
benzene 

Tri bromo pyrocateohin CtfHBr,(OH)2 
Mono methyl ether C„HBrj(OMe)(OH) 
Tn bromo gtcaiacol [102°] White felted needles 
Formed by brommation of guaiacol (Tiemann a 
Koppe, JB 14 2017) 

Tetra bromo pyrocatechm C«H4Br4(OH)2 
[1 2 3 4 5 6] [193°] Formed by brommation of 

pyrocatechm in chloroform solution Colour 
less prisms (from acetic acid) or long fine 
needles (from alcohol) On oxidation it yields 
tetra bromo o quinone CgBr40, Bromine water 
at 80° forms C,gH2Br,oO [139"] (Zincke, H 20, 
1777, cf Stenhouse, C J 27, 586, 28, C, 
Hlasiwetz, A 142, 251) 

TETRA BROMO PYROCOLL C,oH2Br402N2 
Formed by heating pyrocoll with bromine at 
100° Small yellow needles Insol alcohol, 
ether, chloroform and toluene, almost insol 
acetic acid By boiling with KOH it yields di 
bromo pyrrol carboxylic acid (Ciamician a Sil 
ber, J3 16,2388) 

TRI BROMO PYROGALLOL CgH,Br,0, t e. 
CgBr,(OH)8 Trt bromo pyrogallic acid From 
tannin, glacial acetic acid and bromine at 100° 
(Stenhouse, C J 27, 586, 28,7, Webster, C J 
45, 207) From pyrogallol and Br (Hlasiwetz, 
A 142, 250) Flat needles, sol hot water Bro 
mine -water converts it into ‘xanthogallol ’ 
C,8H4Br,40, [122°] whence alkalis form 

C,8H,Br„0„ [130°] (S ) 

^ BROMO PYROMDCIC ACID CgHjBrO, 
Bromo furfurane carboxylic acid [129°] S | 
1 26 at 20° From either di bromo pyromucio 
ac d [168°], or [192°] by reduction with zinc- j 
dust and ammonia (Hill a Sanger, A 232, 58) 
On adding HQ the aoid separates m matted ^ 


m 


needles Silky needles (from water, separating 
at first as an oil) Sol chloroform and benzene, 
si sol hght petroleum or C8,. Dry Br forms 
di bromo pyromucio acid [166°] Dilute H2SO4 
gives bromo fumario acid [177°] 

Salts — BaA'2 aq S 2 13 at 20° — CaA'j 3aq 
S 1 77 at 20° -AgA' — NaA' — KA' 

Ethyl ether EtA' [29°] (235° 1 V ) 

— C.H^BrO^NH^ [156°] Silky needles 
(from water) 

(5) Bromo pyromucio acid C^HjErOj [184°] 
S 22 at 16° 

Formation — 1 By the action of alcoholic 
KOH on the dibromide of pyromucio acid 
(Schiff a Tassmari, B 11, 842 , Q 8, 297) 
An isomeride [155°] said to be formed at the 
same time has not been observed by others 
The dibromide of pyromucio ether when saponi- 
fied also produces di bromo pyromucio acid 
(Canzoneri a Oliveri, O 14, 172) — 2 From 
pyromucic acid (20 g ) and Br (36 g ) at 100°, the 
yield being 60 p c of the theoretical (Hill a 
Sanger, A 232, 46 , B 16, 1130) 

Properties — Pearly leaflets (from water) , si 
sol cold water, cold benzene, and CHCIj, , m 
sol alcohol and ether Aqueous bromine forms 
fumaric, and the two di bromo succinic acids, 
and di bromo furfurane tetrabromide C4HoBrgO 
[111°] Dilute HNO3 produces maleic acid 
Salts — KA' —NaA' — AgA' — BaA'2 4aq (H 
a S ) pearly plates S (of BaA'2) 3 47 at 18° 
— BaA'2 2Jaq (C a 0) — CaA'jSaq clumps of 
prisms S (of CaA' ) 1 07 at 20° 

Ethyl ether [17°] (235° 1 V) 

Amide C,H2Br02(NH2) [145°], needles 

(from water) 

Tetrabromide CsHaBr^Oj [173°], needles 
(from HOAc) 

Di-bromo pyromucic acids Pyromucio acid 
combines with bromine forming a tetrabromide 
which when boiled with alcoholic NaOH forms 
a mixture of two di-bromo pyromucio acids {By 
and 35), (5) bromo pyromucic acid and a tn 
bromopyromucic acid (the latter from tetra 
bromide of (5) bromopyromucic acid present in 
the crude bromide) The calcium salt of the 
(35) acid IS ppd from dilute (1 in 30) solutions 
of the mixed acids by NH3 and CaC^ Of the 
remaining acids, the (5) acid is present m very 
small quantity, while the tn bromo- acid is very 
sparingly soluble m hot water (Hill a Sanger, A 
232, 67 , B 17, 1759, cf Tdnmes, B 11, 1085, 
12, 1202 , Canzoneri a Oliven, Q 14, 177) 

Constitution — (Hill a Sanger, A 232, 97), 
Baeyer has proposed for pyromucic acid 


(I) 


HC = C-C02H 

! >0 

HG = CH 


(H) 


HO -C-CO, 
i l>0 


HO— CH 


H 


(III) 


HC— C— CO H 
I X>0 
EC— CH 


The two di bromo pyromucic acids would then be 
BrC = C— CO 2H BrC— C— CO2H 

(la) I >0 (Ha) II |>0 
BrC«CH HG— OBr 

BrC-C-CO^H 

(Ilia) [X >0 and 

BrC— CH 
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(I2>) 


BrC-C-CO^H 

I >0 

HC = CBr 


(lib) 


HC-C-CO^ 

I) l>0 

BrO-CBr 


(nib) 


BrO— C-CO,H 

IX >0 

EC5— CBr 


Inasmuch as they are formed from the tetra- 
bromide 

HCBr— CBr CO^ 

I >0 

HCBr— C&Br 

by removing 2HBr One of these acids pro 
duces, on oxidation with HNO, di bromo 
maleio acid, the other gi\es mono bromo maleic 
acid Neither of the di bromo pyromucic 
acids derived from (II) could produce di 
biomo maleic acid, hence that formula is dis 
proved Formula (HI) is unusual in foim 
Assuming formula H) (/3y) di bromo pvronmcic 
acid IS represented oy (la) while its (/3S) isome 
iide 18 (Ib), and (5) bromo pyromucic acid is 
CH-C-CO,H 

j >0 , since on oxidation it gives 

CH = CBr 

maleio acid, while (0) bromo pyromucic acid is 
CH = C— CO,H 

I >0 since it may be got by reducing 
CBr = CH 

either of the di bromo pyromucic acids It 
will be noticed that m the preceding argument 
it has been assumed that the bromo pyromucic 
acids are similar m constitution to pyromucic 
acid itself 

(iSy) di-bromo p3n:omuoio acid C H Br 0, 
[192°] S 21 at 20° From the tetrabromide 
of pyromucic acid and alcoholic NaOH (see 
above) Short prisms grouped concentrically 
(from benzene) or bulky feathery crystals (from 
water) Sol alcohol or ether, m sol chloro 
foim, si sol CS , boiling water or light petro 
leum (Hill a Sanger, A 232, 82) 

Beacttons — 1 Dry bromine forms tn bromo 
pyromucic acid — 2 Bromine vapour passed into 
an aqueous solution of the acid forms tetra 
bromo furfurane, C^Br^O, [G5°j and a little of a 
bodyC4H2Brp ,[89°J(di bromo*'maleicaldeh>de) 
8 Dilute HNOj on warming gives munobromic 
and di bromo maleic acids —4 Zi'nc dust and 
NHg from bromo pyromucic acid [129°] 

Salts — AgA' — NaA'2aq — KA' — BaA'jj3aq 

5 35at20°— CaA'jSaq S 1 17 at 20° 

Ethyl ether — EtA' [G8°] M sol alcohol 
Amide CgHBr O^NHj [196°] Slender 

needles (from dilute alcohol) Insol CSj or 
light petroleum 81 sol boiling water 

()38) di’bromo pyromucic acid C^H^Br^O, 

[168°] 8 28 at 20° From pyromucic acid 

and bromme at 100° (Hill a Sanger, A 232, 73) 
Also from the tetrabromide of pyromucic acid 
and alcoholic NaOH (see above) Small prisms, 
often m twins (from water) Very soluble in 
alcohol, ether, and boiling chloroform, less in 
benzene, sparingly m CS^ or light petroleum 
Beactions — 1 Aqueous bromine in the cold 
forms bromo maleyl bromide — 2 Dilute HNO, 
forms bromo fumaric acid, bromo maleic acid 
probably being an intermediate product of the 
reaction 

Salts — ^BaA'^aq S 10 at 16° — CaA'^Saq 

6 30 at 17° —AgA -NaA' 2aq — KA' 


Ethyl ether EtA' [58°] (271° iV with 
decomposition) V sol ether, chloroform, benz 
ene, and boiling alcohol, m sol cold alcohol or CS^ 
Bromide -CgHBr^O Br [46°] (o 164°) at 
24 mm One of the products of the action of 
bromme upon pyromucic acid 

Amide C^HBr^O NH [176°] Silkyneedles 
Tn bromo pyromucic acid C^HBr,Og [219°] 
S 072 at 19° From the tetiabrofnide of (5) 
bromo pyromucic acid and alcoholic NaOH (Hill 
a Sanger, A 232, 91) Some tn bromo fur 
furane is also formed Small needles united in 
clumps V sol alcohol and other, si sol chlo 
roform or benzene, nearly insol CS , light petro 
leum or cold water 

Reactions — 1 W ater and bromine form tetra 
bromo furfurane [64°], thus CHBr^Oj + Br^ 
-C,Br,0 + C0 +HBr— 2 Dilute HNO/ forma 
di bromo maleic acid 

Salts — BaA'g ^aq (of BaA'^) 20 at 

20° — CaA' 4a(i S (of C^A'^) 56 at 20° — AgA ' 
— NaA'aq — IvA'aq 

Ethyl ether EtA' [104°] Rectangular 
piisms (fiom alcohol) 

Amide CjBr^O NH [223°] Slender needh s 
Almost insol CS , light petroleum or water, 
m sol ether, chloroform or benzene, v sol 
alcohol 

Jia-BROMO PYROTARTARIC ACID 

C,H,BrO, t e CH,Br CH(CO ^) CH^ CO H 
Bi omo methyl succinic acid [137°] (c ) 
From itaconic acid and cone HBrAq at 0° (Beer, 
A 216, 79 , cf Fittig, A 188, 73 , Swarts, Z 
1806, 722) Monoclmic crystals, v sol hot 
water Boiling Na CO,Aq gives itaconic and 
itamahc acids, boiling water produces paraconio 
acid 

Ethyl ether Eiji." (270°-275°) 

Citra bromo - pyrotartanc acid CjHjBrO^ 
[148°] From citraconic anhydride and cone 
HBrAq at 0° Also fiom mesacomc acid and 
fuming HBrAq at 140° (F ) Monoclmic crystals 
Decomposed by heating alone or with Na^CO^Aq 
into raethacrylic acid, CO , and HBr The silver 
salt on heating with water at 130° gives off 
allylene CH C CHg (Bourgom,» [2] 28, 459) 
Bromo pyrotartanc acid CjH^BrO* [204°] 
White prisms Formed together with bromo- 
crotonic acid by the action of Br on propane 
tricarboxylic acid CH3 CH(CO,H) CH(C02H), 
(2 V ) (Bischoff a Guthzt it, B 14, 616) 

Ita di bromo-pyrotartaric acid C^HaBr204 
From itaconic acid, Br, and water (Kekul6, A 
Suppl 1, 339) Crystals, v sol water, alooLol, 
and ether 

Reactions —1 Sodium-amalgam reduces it 
to pyrotartanc acid — 2 Moist Ag^O forms di- 
oxy pyrotartanc acid — 3 Boiling aqueous 
Na^CO, forms aconic acid 

Anhydride C^H^Br^Oj [60°] Formed by 
adding Br to a solution of itaconic acid in 
chloroform (Petri, B 14, 1637) 

Citra di bromo pyrotartario acid 
CO^H CBrj CHMe CO^H [150°] S 133 at 18° 
irom citraconic acid and Br (Kekul6, A Suppl 
2, 86 , Krusemark, A 206,1) Groups of needles , 
V e sol water, alcohol, and ether Heated with 
water or aqueous Na^CO, it yields propionic 
aldehyde, bromo propionic aldehyde, bromo- 
methacrylio acid, and HBr — CaA" 

Anhydi ide C^HJir^O* From citraconio 
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anliydnde and Br , formed also by heating the 
following acid with water 

Mesa dl bromo pyxotartaric acid 
OOjHCHBrCBrMeCO^ [194] and [204®] 
S B1 6 at 18° From mesaconic acid and Br on 
warming (Kekul6, A Suppl 2, 102 , Fittig, 
A 188, 86 , 206, 1) Nodules Heated with 
Na^COgAq it gives propionio aldehyde, two 
bromo metKacrylio acids, CO^, and HBr Heated 
with water it gives propionic aldehyde and 
bromo citraconic anhydride 

Dl bromo pyrotartano acid [102°] Formed 
by brommating pyrotartano acid (Reboul a 
Bourgom, Bl [2] 27, 348) 

Dl bromo pyrotartano acid [128°] From 
propane tri carboxylic acid and Br (Bischoff a 
Emmeit, B 16, 1107) 

Tri-bromo pyrotartano acid CjHaBrgO^ 
From pyrotartano acid, Br, and water at 120° 
(Lagermark, Z 1870, 299) Hexagonal prisms, 
sublimes above 240° — 

TETRA BBOMO PISIOTBITABIC ACID 
CyHjBr^O, Tetra bromo uvic acid [162°] 
Obtained by exposing powdeied dry pyrotritanc 
acid to the vapour of dry bromine at the ordinary 
temperature Large colourless crystals V sol 
alcohol, ether, acetone, acetic acid, chloroform, 
benzene, and CS^, insol water and petroleum 
ether The bromine is removed by alkalis and 
by aniline By sodium amalgam in slightly 
acid solution it is reduced back to pyrotritanc 
acid By the action of an excess of bromine at 
100° it yields penta bromo pyrotritanc acid 
Tetra bromide C^H^Br^Os [180°] 
Formed by dissolving tetra bromo pyrotritanc 
acid in an excess of dry bromine Small prisms , 
% sol acetic acid, si sol benzene, chloroform, 
and Cb , irisol water and ligroin Decomposed 
by alkalis Reduced to pyrotritanc acid by 
sodium amalgam (Dietrich a Paal, B 20, 1078) 
Penta bromo pyrotritanc acid 
C,HDr,0(CO,H) [c 197°] Obtained by heat 
ing the tetra bromo derivative with excess of 
bromine at 100° White glistening crystals 
V sol ordinary solvents except water and ligrom 
(Dietrich a Paal, B 20, 1082) 

TBI BBOMO PYBBOL (a) CARBOXYLIC 
ACID C^NHBry(CO^H) Tri bromo (a) carbo 
j^yrrolic acid Long colourless needles V sol 
alcohol, etlier, acetone, si sol hot water, insol 
petroleum-ether The methyl ether is formed 
by brommation of the methyl ether of pyrrol (a) 
carboxylic acid 

Methyl ether A'Me [210°] Longslender 
needles, v sol ether and hot alcohol, si sol 
benzene and petroleum ether, insol water (Cia 
mician a Silber, B 17, 1153) 

Di-bromo-pyrrol di-carboxylic acid Methyl 
ether C,NHBr,(CO,Me)^ [222°] From di 
methyl pyrrol di carboxylate and Br (Ciamician 
a bilber, O 17, 269) Long white needles , 
insol water, sol ether and hot alcohol Con 
verted by cold fuming HNO, mto C4H^BrN04 
[c 171°] 

BBOMO PYBEYL METHYL KETONE 

CH, CO C^H^rNH Pseudo acetyl bromo - 
pyrrol [108°] Long colourless needles , ob 
tamed by brommation of pyrryl methyl ketone 
(Ciamician a Dennstedt, B 16, 2354) 

Di bromo-pyrryl methyl ketone 
CH, CO C^HBr^NH [144°], white needles 


Formed by bromination of pyrryl methyl ke- 
tone 

Tri bromo pyrryl methyl ketone 0,H4Br,ON 
[179°] White silky needles Sol hot ^cohol, 
ether, and aqueous alkalis, insol water Formed 
by the action of bromine upon pyrryl methyl 
ketone in aqueous solution (Ciamician a Silber, 
B 18, 1765) 

Penta bromo pjrrryl methyl ketone 
C H^r^ON [200 ] Small white needles 
Formed by brommation of the tri bromo deriva 
tive dissolved in acetic acid (C a S , B 18, 
1765) or of pyrryl methyl ketone (C a D ) 
BBOMO PYRUVIC ACID C^H.BrO, t e 
CH^r CO CO^H From pyruvic acid, Br, and 
we*er at 100° (Wichelhaus, B 1, 265) Syrup 
Dl bromo pyruvic acid CHBr^ CO CO^H 
[91°] (W } , [93°] (0 ) From pyruvic acid 
(15g ), water (lOg ), and Br (45g ) at 100° (Bot 
tinger, B 14, 1236 , cf Grimaux, Bl [2] 21, 
C31 , Clermont, Bl [2] 19, 103 , Wislicenus, A 
148, 208) Monoclimc efflorescent tables (con 
taming 2aq) , sol water and ether Baryta con 
verts it mto tartronic acid Benzene and cone 
H SO, form CHBr, C(OH)Ph CO,H (Bottmger 
B 14, 1235) — Dl bromo pyruvic acid (1 mol ), 
urea (1 mol ) and cone H SO, form di bromo 
pyruvureide C,H^Br^N202, whence bromine- 
water forms tn bromo pyruvunn C,BrjN203H3, 
a body which is decomposed by cold ammonia 
into bromoform and ammonic oxalurate Am 
monia converts di bromo pyruvuieide into di 
bromo pyruvuramide C,H^Br2N802 which is de 
composed by boiling baryta water into NH^, 
urea, HBr, tartronic acid, and anudo uracil 
C,H,N,02 (E Fischer, A 239, 185) 

Tn bromo pyruvic acid CBrg CO COoH 
[90°], [104°, hjdrated] Formed, together with 
the preceding, by brommating pyruvic acid 
(Gnmaux, Bl [2] 21, 390) Also from lactic acid 
and Br Laminae resembling naphthalene (con 
taming 2aq) , si sol cold water Decomposed 
oy boiling water into bromoform and oxalic 
acid 

Ethyl ether EtA' [97'’] Formed by add 
ing Br to a solution of lactic acid in ether (Efi- 
menko, J R S, iSb , Wislicenus, A 143, 10) 

DI BROMO PYRUVURAMIDE 
Dl bromo pyvuramide [170° 180°] From di 
bromo pyruvureide and cone NHgAq in the cold 
(Fischer, A 239, 191) Slender needles (from 
alcohol) V sol warm water, but slowly decom- 
posed by boiling water Decomposed by boiling 
baryta water into NH^, urea, HBr and tartronic 
acid, another portion forming amido uracil 
DI BROMO PYRUVUREIDE C,H2Br2N202 
Dl bromo pyvureide From di bromo pyruvic 
acid (q u ), urea, and cone H^SO, (Fischer, A 
239, 188) Granular crystals (from HOAc), v si 
sol alcohol, water, and acids , sol dilute alkalis 
Decomposed by boiling alkalis Decomposed by 
heat above 280° Its ammomum and guamdme 
salts are si sol water 

TRI BROMO -PYRUVURIL ANHYDRIDE 

C5H8Br,N,02 Tr% hromo-anhydro pyvurd 
[180°] Formed by heating tn bromo pyruvic 
acid and urea at 100° (Gnmaux, A Ch [6] 
11, 373) Light needles (from water) 

TRI BROMO PYRUVURINE C,H3Br3N20, 
♦ e OBr, CO CO NH CO NH, VreXde of tr%- 
bromo pyruvtc acid Tn bromo pyvurme [247“^] 
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From di bromo pymvnrelde and excess of bro- 
mine water at 100° or HNO3 (S G- 14) (Fischer, 
A 239, 189) Glittering plates, m sol boiling 
water and alcohol, v el sol ether Decomposed 
even by cold alkahs into bromoform and ammo- 
nium oxalurate 

(B 2) BBOMO - QUIKOLINB 0#HJ3rN te 
CsHsBr(C3H3N) Benz bromo quinoline (278°) 
Liquid Volatile with steam Prepared by 
heating p bromo amlme with glycerin, nitro- 
benzene and H^SO^ , the yield is 80 p c 

Salts — B'HCl small whUe needles — 
(B'HCl)^PtCl4 microscopic needles (La Coste, 
B 15,559) 

Bromo quinoline C^H^BrN (270°) Yellowish 
oil Prepared by bromination of quinoline 
Perhaps identical with the preceding 

Salts — B'HCl monoclinio prisms 

(B'HCl)iPtOl4 fine orange red needles 

Methylo iodide CaH^BrNMel By the 
action of Ag O on an aqueous solution of the 
iodide, a strongly alkaline solution of the hydrate 
IB produced (C^HflBrNMeOH), this is transformed 
on standing or warming, by splitting off H.^0, 
into the much moie stable methylo oxide 

Methylo oxide (CgHaBrNMe)^O [147°] 
This 18 also formed by the action of KOH on the 
iodide Colourless needles Soluble in hot alco 
hoi, sparingly in cold, very slightly soluble in 
water and ether Combines with acids very 
slowly (La Coste, B 14, 915 , 15, 188) 

>CBr CE[ 

{Py 1 or 2) Bromo-quinolme 
CH CBr 

or 08H4^ I (274° uncor ) Formed, to 
CH 

gether with propyl bromide, propylene bromide, 
quinoline hydrobrotmde, , by heating the 
propylo bromide of quinoline di bromide to 
170°-190° Prepared by heating to 180° the 
hydrobromide of quinoline di bromide 
CjH,Br2N,HBr = C,H«BrN,HBr + HBr.thequino 
line di bromide is formed by the action of bro 
mine on an ethereal solution of quinoline Oil of 
aromatic smell resembling quinoline On oxida 
tion with KMn04 it yields ox^loxyl anthranilic 
acid CeH4(C02H) NH CO CO H and bromo pyri- 
dme di carboxylic acid C^H2BrN(CO^)2 

Salts — B'HCl needles or tables, sublimes 
without melting — B'BLBr foursided tables or 
prisms , sublimes at c 190° without melting , 
sol alcohol, si sol cold water — B'HNO,** 
[180° uncor ] , small concentric prisma — 
B'3H2S04*‘ [183° uncor ] , small needles , dis 

ftooiated by water — B'^H^Cr^O^ [145°] , sparingly 
soluble flat yellow prisms (from hot water) — 
B'2H2Cl2PtCl4 small orange yellow needles — 
B'jAgNO, [173°], needles (Claus a. Col 
hschonn, B 19,2763) 

{B 1 4) Di bromo quinoline 

CH ^ bromo qmnohne 

Formation — 1 By bromination of quinoline by 
heating the hydrochloride with bromine at 180° 
(La Coste, B 14, 917 , 15, 191) —2 By heating 
di bromo aniline [1 4 6] with a mixture of glyce 
nne, mtro benzene and H^S04 (Metzger, B 17, 
186) 

Properties —DiMiiUi without decomposition 
Volatile With steam* liong white needles Almost 


inaol water, v soL alcohol, ether, benzene and 
aqueous acids 

Salts — B'HCl small needles — 
B'2H2Cl3PtCl4 fine yellow needles — B'jHjOrjO, 
orange red miorocrystalline powder, decomposed 
by water mto the base and CrO, The piorate 
forms long yellow needles, decomposed by water 

Methylo-iodide B'Mel Slender red 
needles Sol hot water, insol ether and cold 
alcohol 

Methylo oxide B' Me 0 Formed by the 
action of NaOH on the iodide Microscopic 
needles 

{B 2,4) Di bromo quinoline C,H2Brj(C3H,N) 
[101°] Slender colourless needles Volatilises 
undecomposed Formed by heating di bromo- 
amhne with glycerin, nitrobenzene and H2SO4 
(B'HCl)2PtCl4 (La Coste, B 15, 559) 

Di bromo quinoline (probably B 2 Py 1) 
C„H Br N [124° uncor ^ lormed by the action 
of bromine (2 mols ) upon quinoline {B 2) sul 
phonic acid (1 mol ) in cold aqueous solution 
Long colomless needles (from ether) Subh 
mable It is oxidised by KMn04 to bromo 
pyridine di carboxylic acid [105°] (Claus a 
Kuttner, B 19, 2884) 

Di bromo quinoline tetrahydride CpH^Br^N 
[60° uncor] Formed by reduction of titia 
bromo quinoline with sodium amalgam Colour 
less tables Volatile with steam Bol al'^ohol 
and ether, msol water 

Salts— B'HCl [75°], acicular crystals — 

(B'HCl) PtC1^2a{] yellow crystalline powder — 
B'HNO, [189°] prisms — B'H^bO, white 
plates, decomposes at 246° uncor — B'H C2O4 
colourless tables, decomposes at 171° uncor 
(Claus a Istel, B 15, 832) 

Tri bromo quinoline C„H4Br,N [170° uncor ] 
Formed by the action of bromine (3 mols ) ujion 
an aqueous solution of quinoli’^e {B 2) sul 
phonic acid (1 mol ) at 100° Long silky 
needles 81 sol cold ether (Claus a Kuttner, 
B 19,2885) 

Tn bromo quinoline C„H4Br3N [175°] From 
quinoline and Br (Lubavin, A 155, 318) Bilky 
needles , v sol hot alcohol Possibly identical 
with the preceding 

Tn bromo qumoline C9H4Br3N [198° uncor ] 
Formed by the action of bromine upon an aque 
ous solution of qumoline (B 4) sulphomc acid 
at 100° White felted silky needles V sol 
ether and hot alcohol Sublimable (Claus a 
Kuttner, B 19,2882) 

Tetra bromo quinoline CBH3Br4N [119° 
uncor ] Long colourless needles or thick 
prisms Insoluble m water Formed by bro 
mination of qumolme in CSj (Claus a Istel, B 
15, 820) 

Hexa bromo qumoline CsHBr^N [90°] From 
pyridine (2, 3) di carboxylic acid, Br, and water 
(Weidel, A 173, 95) Needles (from alcohol) 
Eeduced to quinoline by sodium amalgam 

(B 4) BEOMO QUINOLINE (B 1) CAE- 
BOXYLIC ACID C^H^BrN (COjH) [275°] From 
bromo amido benzoic acid 03HjBr(NH2) CO^H 
[1 2 4] (lOg ), glycerin (22 6g ), 0 mtro-phenol 
(6g ), and R^SO^ (20g ) by heating lor 6 hours at 
160° (Lellmaun a Alt, A 237, 313) White 
powder, v si flol water and ether, el soL hot 
alcohol Salt — (HA')2H^tC1.4aq 
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(a) JBsaMo atniroLiKE stophokic acid 

^,(Br)NcSO,H) S 08 at 22°, 9 at 100° 
Sliort thin needles SI sol alcohol Formed 
together with the /3 acid by sulphonatmg bromo 
quinoline 

Salts — A'2Mn 4aq small yellow needles — 
A'Ag spangles or needles — A'K short prisms, 
S 1 37 at 17° — A'NH/ felted needles —A'^Ba 
nearly insoluble crystalline pp — A'aMg lOaq 
colourless ^ates —A' Zn 4aq thin colourless 
needles (La Coste, B 15, 1910) 

{&) Bromo quinoline sulphonio acid 
C«H,N(Br)rS03H) S 16 at 22° , 2 75 ai. 100° 
Short thick needles (containing aq) Formed 
together with the (a) acid by sulphonation of 
bromo quinoline 

Salts — AKl^aq large tables, S 17 25 
at 22°« — A'Ag colourless needles — A'2Ba2aq 
sparingly soluble needles — A'jMg 9aq small 
needles — A'jZnOaq six sided tables — A'jMnbaq 
colourless tables (La Caste, B 16, 1915) 

BROMO QUINONE Q^HjErO^ [66°] Formed 
by oxidising bromo hydroqumone with Fe^Clg 
(Sarauw, A 209, 106) Groups of needles, v sol 
alcohol, ether, and benzene, si sol hot water 
Ammonia gives a green colouration, turning 
black on warming 

Di bromo quinone CgHjBr 0^ [188°] Formed 
by oxidation of di bromo hydroqumone (S , 
Benedikt, M 1, 346) Small golden crystals, 
insolji water, sol alcohol, ether, and benzene 
Boiling KOHAq gives di bromo di oxy qumone 
(dibromanihc acid) 

Di bromo quinone CgHjBrjOj [76°] 
Formation — Di bromo - p diazo phenol, 

CgH ^Br, IS converted by a boiling solution 

of calcium chloride into di bromo hydroqumone, 
C,H Br2(OH)2 This solution is mixed with 
Fe Clg and distilled, when the qumone passes 
over The yi8ld is small 

Properties — Long, extremely slender needles, 
sol in alcohol, ether, CHCl,, CSj, benzene, and 
alkalis Pungent May be sublimed (Bohmer, 
J pr 132, 465) 

Di bromo quin^pe CgH^Br^Oj [122°] From 
tri bromo phenol and fuming HNO^ at 0° (Levy 
a Schultz, A 210, 158) Yellow larainte (from 
dilute alcohol) 

Di bromo quinone ^ [88°] From quercite 
and HBrAq at 160° (Prunier,A Ch [5] 15, 67) 
Three di bromo qumones are indicated by theory 
Tn bromo quinone CgHBrjOj [147°] Formed 
by oxidising tn bromo hydroqumone in dilute 
alcoholic solution (Sarauw, A 209, 120) Golden 
leaflets (from alcohol) , sol alcohol, ether, and 
benzene Alkalis give a green colouration, 
followed by separation of red prisms Boiling 
cone NaOH gives di bromo di oxy qumone and 
tn bromo hydioqumone A tn bromo quinone 
[108°] 18 got by heating quercite with HBr (P ) 
A tn bromo quinone is also formed by reduction 
of totra bromo quinone (Stenhouse, A Suppl 
8 , 20 , cf Herrmann, B 10, 110) 

Tetra bromo quinone CgBr^O,. Bromanil 
Formation — 1 By treatmg phenol with Br 
and I (Stenhouse, C J 23, 10) —2 By boiling 
picric acid with Br and water (Stenhouse, A 91, 
307) —8 From qumone and Br (Sarauw, B 12, 
680, A 209,126)— 4 Aproduot of the action of Br 


and water on benzoio aoid (Hdbner, A 148, 265), 
and on proteids (Hlasiwetz a Habermann, A 
169, 320) — 6 From tn bromo phenol and 
(Losanitsch, B 16, 474) —6 From di oxy di- 
hydro terephthalic (succinylo succinic) acid and 
Br (Herrmann, A 211, 341) —7 From (1, 8,5,4)- 
bromo di nitro phenol by heating with Br (Lmg, 
C J 51, 147) 

Properties — Golden lammas (from HO Ac) , 
sublimes as sulphur yellow crystals Insol, 
water, m sol boiling alcohol, si sol ether 
HIAq reduces it to tetra bromo hydroqumone 
Potash forms a greenish black solution turning 
purple 

Tetra bromo ortho qumone C^Br^Oj 
[1 2 3 4 5 6] [151°] Obtained by oxidation of 

tetra bromo pyrocatechm in acetic acid solution 
with HNO, It can also be prepared directly 
from pyrocatechm by adding bromine (10 to 
12 pts ) to a boiling solution of the latter (1 pt ) 
in acetic acid (20 pts ) Dark red thick prisms, 
tables, or transparent plates V sol alcohol, 
ether, acetic acid, and benzene, si sol petroleum 
spirit It IS a powerful oxidising agent, being 
readily reduced to tetra bromo -pyrocatechm 
With aniline it gives a compound which crystal 
Uses m bluish black glistening plates or thick 
needles [173°] (Zmeke, B 20, 1776) 

DI BROMO QUINONE CHLORIMIDE 



[80°] Long yellow 


prisms Prepared by adding a solution of 
chloride of lime to an acidified solution of di- 


bromo amido phenol [2 6 4 1] (Mohlau, B 10, 
2845) 

DI BROMO QUINONE PHENOL IMIDE 


J, /C,H, OH 
, ^C.H^Br 0 [4 2 6 1] 


Formation — 1 By adding di bromo quinone 
chlonmide to an alkaline solution of phenol — 
2 By oxidising an alkaline solution of di bromo- 
amido phenol [2 6 4 1] and phenol with KaCrgO, 
Piopcrtics — Dark red prisms with metallic 
reflection feol alcohol, ether and acetic acid 
with a magenta r%i colour , in sol water 

Reactions — On heating with HCl it is split 
up into quinone and di bromo amido phenol 
On reduction it yields di-bromo-di-oxy di-phenyl- 
OH 

amme 

Sodium salt C,^H8Br^ON(ONa) long blue 
prisms with golden green reflection Soluble in 
water and alcohol with a blue colour Heated 


with an excess of aqueous NaOH the blue colour 
changes to red, but reappears on coolmg (Mohlau, 
B 16,2846) 

BROMO-RESORCIN OeH,Br(OH),. [91°] 
Formed by boiling bromo di oxy benzoic acid 
with water for some hours (Zehenter, M 8, 293) 
Groups of needles , v sol water and ether, m, 
sol alcohol FejClj colours the aqueous solu- 
tion bluish violet, a red pp being subsequently 
formed Heated with water, KjCO,, and SnCl, 
it gives resorcin and di oxy benzoio acid 

Bromo resorcin D% propyl derivaitve 
0*H^Br(OPr)2 [71°] Formed by brominating 
di propyl-resorcin (Kanof, B 13, 1679) Colour- 
less silky needles , may be sublime^ Y. ioL 
alcohol and HOAo , si boL water. 
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Di-bromo-reBOrcin 0«H2Br2(0H)^ [98®] 

Penned, together with ‘ di bromo mono resor 
cm phthalem,’ by heatmg tetra bromo fluo 
re'icein (eosin) with dilute NaOHAq at 140® 
(Baeyer, A 183, 67, Hofmann, B 8, 64) 
lormed also by boiling di bromo (1,3 2) di oxy 
bonzoic acid with water (Zehenter, M 2, 478 , 
8, 293) Needles (from water) , m sol hot 
water, v e sol alcohol and ether PejCl^ gives 
a transient violet colour 

D% methyl ether CaH3Br2(OMe)2 L^^l®] 
Slender needles Insol water, sol alcohol 
and ether Prepared by brommation of the 
dimethyl ether of resorcin (Tiemann a Parri 
sius, B 13, 2365 , cf Honig, B 11 1041) 

Di bromo resorcin CbH^Br^fOH)^ [112°] 
Fiom Br and resorcin in CS^ (Zehenter, M 8, 
293) Colourless needles (containing aq) (from 
water) , ra sol hot water Fe^Clj, gives a blue 
colour followed by a dark pp 

Tn bromo resorcin C„HBrj(OH)2 [104®] 
(Tjqike, B 10, 1578) From resorcin, Br, and 
water (Hlasiwetz a Barth, A 130, 397), or Br, 
and HOAo (Benedikt, M 4, 227) Formed also 
by heating penta bromo resoicin with aldehyde 
or formic acid (Claassen, B 11 1439) Small 
needles , si sol water, v sol alcohol 
Mono acetyl derivative 
C HBr,(OH)(OAc) [114°] From mono acet>l 
resorcin and Br (C ) , sol hot water 

D% acetyl derivative CjHBr8(OAc)2» 
[108®] From penta bromo resorcin and Ac O 
bol hot water 

Mono methyl ether C„HBrg(OH)(OMe) 
[104°] From mono methyl resorcin and Br 
Slender white needles , sol alcohol and ether, 
insol water (Tiemann a Parrisius B 13, 2364) 
Tetra bromo resorcin CyBr^{OH) [Ibd''] 
(C ) , [167®] (B ) Formed by treating penta 
bromo resorcin with H SO^ (Claassen, B 11, 
1440 , Benedikt, M 1, 360) Small needles 
(from alcohol) 

Di- acetyl derivative CgBr^(OAc)2. 
[109°] , V sol hot water 

Penta bromo resorcin CaBr^(OH)(OBr) ? 
[114°] Formed by adding an aqueous solution 
of resorcin to a cooled mixture of Br and water 
(Stenhouse, A 163, 184) Dimetric ciystals, 
a c = 0076 1 V b 1 sol water Alcoholic 
AgNOg pps more than two thirds of its Br At 
100° it splits up into bromine and tn biomo 
resoquinone C„HBrj02 (Liebeimann a Dittler, 
jB 6, 1090, A lb9, 256) Converted into tn 
bromo resorcin by cone HI, H S, SnClj, warm 
alcohol, aldehyde, or formic acid (Benedikt, M 
1, 351 , Claassen, B 11, 1433) Boiling Ac^O 
gives di acetyl tn bromo resorcin Aniline 
forms tn bromo aniline and tri bromo resorcin , 
phenol acts similarly (Benedikt, B 11, 2108) 
Boiling dilute KOH produces bromoform 

Hexa bromo resorcin C0Br^(OBr)2? [136®] 
S G 1®* 8 188 Prepared by heatmg tetra bromo- 
resorcinol with excess of bromine Monoclmic 
crystals <x 6 983 1 1 687, 6=-86°86' Hecom 

posed by alcohol forming tetra bromo resorem 
(Benedikt, M 1, 865) 

lEI BE0M0-BE80(iXTI50OT OgHBrjO, or 
0,2H2Brt,04 Formed by heatmg penta bromo- 
resorom at 160° (Liebermann a Pittler, B 6, 
1090) Orwige needles , insol water, v eol 
alcohol and ether At 280° it gives off Br 


leaving amorphous 0,2H2Br404 Reduced by 
Sn and HCl to tetra-bromo tetra oxy diphenyl 
(Benedikt, M 1, 860, B 11, 2170) 

BI - BROMO - RESORCIN - FHTHALEIN so- 

called e COgH C,H, CO C,HBr,(OH)a 

Di hromo di~oxy benzoyl benzoic acid [220°] 
Formed, together with di bromo resorcin, by 
heating tetra bromo fluorescein with dilute 
NaOHAq (Baeyer, A 183, 66) Plates, v si 
sol water 

BROMO-RETENE v Retenx 
BROMO-RICINELAIBIC ACID Cf«H„BrO, 
From the dibromide of ricmelaidic acid and 
alcoholic KOH Oil Alcoholic KOH forms an 
acid [71°] (Ulrich, Z 1807, 549) 

BROMO BICINOLEIC ACID C„Hg,BrO, 
From nemoleic acid by successive treatment with 
Br and alcoholic KOH (Ulrich, 1807, 646) 
Oil , converted by alcoholic KOH into ricin- 
stearolic acid CigHj^Og 

Di bromo ricinoleic acid CjHHjjBrjOj From 
ricinstearolic acid and B Oil 

BROMO ROSANILINE v Rosaniline 
TETRA BROMO ROSOLIC ACID C2„H,2Br,0, 
From Br and rosolic acid in HOAc (Graebe a 
Caro, A 179, 201) Lustrous green plates, insol 
water Its alkaline solutions are violet — A'^Ag^ 
dark violet pp 

Ethyl ether A"Et [110°-115°], soluble 
m alcohol, ether, and benzene, insoluble in water 
(Ackermann, B 17, 1027) 

BROMO ROSOQDINONE C,2H4Br40, %t 
C^HjErj-O 

I I (?) Red and steel blue crystals 

C.H^Brj-O 

Prepared by the oxidation of tetra bromo phenol 
phthalem (5 pts ) dissolved in (250 pts ) 

with a mixture of HNO, (5 pts ) and H2b04 
(50 pts ) 

Bromo rosohydroquinone C,2HeBr402 1 e 

I (?) Tetra bromo di oxy diphenyl 

[204°] Sublimable Prepared by the reduo 
tion of the corresponding quinone (Baeyer a 
Schraube, D 11, 1301) 

BROMO SALICYLIC ACID v Bromo o oxy- 

BENZOIC ACID 

BROMO SALICYLIC ALDEHYDE v Bromo- 

O OXY BENZOIC ALDEHYDE 

BROMO STEARIC ACID Cj^H^BiOg [41°] 
S G 1 0653 From stearic acid (7 ptb ), 
bromine (4 pts ), and water at 135° (Oudenianb, 
J pr 89, 396) Crystalline mass, insol water, 
V sol alcohol and ether The silver salt heated 
with water forms stearidic acid 

Di bromo stearic acid C,8H,4Br202. From 
oleic acid and Br (Overbeck, A 140, 42) Oil 
Alcoholic KOH forms bromo oleio and stearoho 
acids Moist AgjO gives oxy oleio acid CjelljiG, 
and di oxy stearic acid CinHa^O^ 

Di bromo steano acid C,gH34Br202. [27°] 
From elaidio acid and Br Reduced to elaidio 
acid by sodium amalgam 

Tri bromo stearic acid CigHjjBrjOj. Flora 
bromo oleio acid and Br OiL 

Tetra bromo steano acid 0j,Hj2Br40, [70°] 
From stearoho acid and Br Lamm® (from 
alcohol) 

BROMO STIIBENE v Bbomo dx pxuEMTir 

BTHTIiSNX 
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BBOMO STRYCHinKE v Stryohninb 
«i»BBOUO STTBENE GgH,Br ie 
CH CHBr Bromo phenyl ethylene Formed 
by boiling styrene dibromide with alcoholic 
KOH or by heating it with water at 190° (Glaser, 
A 154, 168, Radziszewski, B 6, 493) Heavy 
pungent oil , decomposed by distillation Con 
verted by heating with water mto phenyl acetic 
aldehyde (ErUnmeyer, B 14, 823) 

a Bromo styrene C.H. CBr CH, [7°] 
(220° iV) 

Formation — 1 From styrene dibromide and 
alcoholic KOAo at 160° (Zmcke, A 216, 290) — 
2 By boiling di bromo phenyl propionic acid 
with water (Barisch, J pr [2] 20, 179 , Fittig 
a Binder, A 196, 141) — 8 From bromo oxy 
phenyl propionic acid and water at 200° (G ) 
Properties — Oil, with pleasant odour of 
hyacinths May be distilled Does not readily 
give up its Br Converts into acetophenone by 
heating with water at 180° (Friedel a Balsohn, 
Bl [2] 32, 614) 

Di bromo styrene C„H«Br 2 (254°) From 
tn exo bromo 3 phenyl propionic acid and water 
at 100° (Kinnicutt a Palmer, Am 6, 384) Oil 
Tri bromo styrene C^H^Br, From the pre 
ceding and Br Oil (K a P ) 

BROMO STYRENE DIBROMIDE V Di bromo 

ETHYL BENZENE 

BROMO SUBERIC ACID C„H„Br(C02H)2 
[103°] Prepared, together with di bromo 
suberic acid, by the action of bromine and 
phosphorus on suberic acid Crystalline 
powder Sol alcohol and ether By alcoholic 
KOH it gives suberconic acid (Ganttner a 
Hell, B 15, 142) 

Di bromo suberic acid C^H,oBr2(C02H)2 
[173°] Formed by bromination of n suberic 
acid Ghstenipg needles V sol alcohol, ether, 
and hot water, v si sol benzene, chloroform, 
Hgroin, and cold water By heating with alco 
holic KOH it gives di ethoxy suberic acid to 
gether with a small quantity of subercolio acid 
C,Hh(CO H), (Hell a Rempel, B 18, 813) 

BROMO SUCCINIC ACID C,H,BrO, %e 
CO^H CH,.CHBr CO 2 H [160°] S 19 2 at 
15 5° 

Formation — 1 By heating succinic acid 
(5g ) with Br (2} c c ) and water (40 c 0 ) at 120° 
(Kekul6, A 117, 125 , Carius, A 129, 6 , Hell, 
B 14, 892) — 2 From succinic acid (5 g ), Br 
(2^ c 0 ) and chloroform (5 c c ) at 160° (Orlow 
sky, J R 9, 277) — 8 From succinic ether and 
Ih (Schacherl, B 14,637) — 4 By the action of 
HBr on fumaric, tartaric, malic, and racemic 
acids (Kekul6, A 130, 21 , Fittig, A 188, 88 , 
Ansc lUtz a Bennert, B 15, 643) — 5 By de 
composing its bromide with water (Volhard, 
A 242,163) 

Properties — Small pnsms, v sol water Its 
silver salt rapidly decomposes Moist Ag 0 gives 
malic acid Sodium amalgam produces succinic 
acid Boiling water slowly forms fumaric acid 
Anhydride C,H,BrO, [31°] (187°) at 

11 mm From the acid and AcCl at 100° (A a 
B ) Decomposed by heat into HBr and maleic 
anhydride 

Methyl ether llLOik!' (c 134°) at 30mm 
Ethyl ether (226°) Inflames the 
akm Cold aqueous or alcoholic NH, couyert 

VoL. I. 


it into fumaramide Aqueous NH, at 11)3° 
gives asparagine (Komer a Menozzi, G 17, 171) 
Bromide C2HjBr(C02Br)2 Formed by 
adding Br (1100 g) gradually to a mixture of 
succinic anhydride (300 g ) and amorphous P 
(36 g ) (Volhard, A 242, 151) 

8 Di bromo succmio aoid 
CO 2 H CHBr CHBr CO^H S 2 04 at 100° 

Formation — 1 By heating succinic acid 
(12 g ) with Br (11 c c ) and water (12 c c ) at 180° 
(Kekul6, A 117, 123, Suppl 1, 131 , Bourgom, 
Bl [2] 19, 148) — 2 From fumaric acid and Br 
(K , Baeyer, B 18, 676) 

Properties — Opaque prisms, si sol cold 
water, v sol alcohol and ether 

Reactions — 1 Sodium amalgam reduces it 
to succinic acid — 2 Boiling water converts the 
sodium salt into hydro sodic bromo malate, the 
Ba salt into hydro baric bromo maleate and 
barium racemate, the silver salt into inactive 
tartaric acid, and the acid itself into HBr and 
biomo maleic acid — 3 Water at 140° gives iso 
bromo maleic acid — 4 NH^ gives biomo amido 
succinic acid — 5 Reduction in acid solution 
gives fumaric acid (Ossipoff, Bl [2] 34, 346) — 
6 Heating with thw urea gives fumaric acid 
(Nencki a Sieber, J pr [2] 25, 79) 

Salts — (NHJ^A" — Na^A"4aq — Ag A" — 
CaA" 2aq 

Mono methyl ether MeHA" decomposes 
about 245° -NaMeA"4aq (Claus, B 15, 1844) 
Mono ethyl ether EtHA" [275°] — 
KEtA" l\aq — NaEtA' 2aq — AgEtA" l^aq (C ) 
Methyl ether MejA" [62 °] Mono sym 
metiical crystals Prepared by the action of 
bromine on methyl fumarate 

Ethyl ether Et A" [58°] (K , A ) , [68°] 
(Lehrfeld, B 14, 1820) Rhombic crystals 
Prepared by the action of bromine on ethyl 
fumarate On heating to 170° it decomposes 
into bromo maleic ether and HBr (Anschutz, 
B 12, 2281) Aniline converts it mto 
C H,(NPhH),(CO^t), [145°] (Lopatine, C R 
105, 230) 

Methyl ethyl ether MoEtA" [63°] (C ) 
Chloride C^H^rgO^^Clg [63°] From Br 
and succmyl chloride or fumaryl chloride 
(Perkin a Duppa, C J 13, 102 , K ) 

Amic acid CO^H C^H^Brg CO NH^ Un 
stable crystals (C , Michael a Wing, Am b, 
421) 

Anilide n 

NHPh CO CHBr CHBr CO NHPh From the 
anilide of fumaric acid and bromine (Anschutz 
a Wirtz, A 239, 138, Am 9, 240) White 
powder, does not melt below 300° 

Phenyl tmide NPh (C O,) C^H Br, ri50°] 
From the phenyl imide of maleic acid (maleauil) 
in chloroform by adding Br (A a W ) 

Iso (or alio Vdi bromo aucoinio aoid 

XHBr— C(OH)a 
CO^HCH^CBr^COgH or < >0 

\CHBr-CO 

(c/ Anschutz, A 239, 181) [lb0°] 

Formatum — 1 From maleic aoii and Br 
(Kekul6, A Suppl 2, 89) — 2 Together with its 
isomende, by heating bromo maleic anhydride 
with HBr, or succinic acid with water and Br at 
140° (Franchimont, B 6, 199 , Bourgoin, B G. 
624) —3 From (5) bromo pyromuoio acid, Br, 
and water (Hill a/ Sanger, A 232, 53) 
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Preparation —By dissolving its anhydride 
in water (i'lctet, D Id, 1070) 

Properties —Large crystals , more soluble in 
water than its isomende At 180*^ it gives oil 
HBr, bromo fumaric acid being formed 

Reactions — 1 Boiling water converts the 
acid and its Ba salt into bromo maleic acid, but 
the Ag salt into racemic acid — 2 Moist Ag^O 
gives pyruvic acid (Beilstein a Wiegand, B 16, 
1499) — 8 Sodium amalgam produces Buccmio 
acid 

The Dt methyl ether A"Me-, and the 
JDi ethyl ether A^'Etg are oily liquids, msol 
water (Pictet, B 18, 1670) 

Anhydride [32°] Prepared 

by heating maleic anhydride with bromine at 
100° (Pictet, B 13, 1669) Coloui less tables Has 
a great affinity for water, with which it foims 
iso dibromo succinic acid On heating to 100° it 
evolves HBr forming bromo maleic anhydride 
Tn bromo Bucoinic aoid 

CO^HCBr^CHBrCOJl [137°] From bromo 
maleic or bromo fumaric acid and Br (Petri, A 
195, 69) Dehquescent needles , boiling water 
converts it into di bromo acrylic acid 
BROMO 8ULPHI BENZOIC ACID 
C.H^r(SO^)(CO,H) [4 2 or 3 1] [238°-245°] 
From C,,H^r(SO^Cl)CO^H by treatment with 
alcohol and zinc dust(C Bottinger, A 191,24) — 
BaA" — BaH^A"2 2aq — CaH^A'^aSaq 

BROMO SULPHI BENZOIC ALDEHYDE 
C,H,Br(SO^)CHO [131°] One of the pro 
ducts got by reducing, by zinc dust and alcohol, 
the mixture of chlorides got by acting on I 
C,H,Br^S03Na)(C0,Na) by PCI, It is formed 
from CaHjBr(S02Cl)(C0Cl) present in the mix 
ture Salt — B^'2 6aq 

BROMO SULFHO BENZOIC ACID 
C,H3Br(S0,H)(C02H) [2 3 or 6 1] From the 

corresponding bromo toluene sulphonic acia by 
chromic mixture (Retschy, A 169, 45) — 
KHA"^aq — BaA"2aq -PbA"2aq 
Bromo-snlpho benzoic acid 
C,H,Br(S0,H)(C02H) [1 3 6] From m bromo 
benzoic acid and SO, (Hubner a Upmann, Z 
[2] 6, 295 , Roeters van Leiynen, Z [2] 7, 67 , 
Bdttmger, B 7, 1779) Delicate deliquescent 
needles Potash fusion converts it into a di 
oxy benzoic acid 

Salts — NaHA" — — CaA"l^aq — 

BaA" 2^aq — BaHA"2 aq — CuA" 

Bromo snlpho benzoic acid 
C„H,Br(SO,H)(CO;a) [4 2 1] From bromo 
toluene o sulpnomc acid by chromic mixture 
(Weiss, A 169, 26) — KHA" — CaA" — BaA" 

Y Bol water 

Imide C,H,Br<^QQ*^NH. Bromo benzoic 

aulphinide [217°] From (4, 1, 2) bromo 
toluene sulphamid© and KMnO, Also from the 
acid K salt by successive treatment with PCI, 
and NH, (Remsen a Bayley, Am 8, 229) Long 
needles (i^om water) , y sol alcohol and hot 
water, v si sol HClAq Subhmes at 200° Its 
taste 18 extremely sweet at first and then 
extremely bitter — Ba(02HjBrNS0g)2 7^aq — 
Ca(C2H,BrN80,)2 7|aq — AgC^HjBrNSO, — 
CjHjiCjH^BrNSO,) [199°] , formed by succes 
sive treatment with PCI, and alcohoL 
Bromo snlpho benzoic acid 
0,H,Br{SOgH)(CO^) [4 3.1] . Formed by oxi 


dation of the corresponding bromo toluene 
sulphonic acid (Hasselbarth, 4 109, 12) — 

KHA" aq — BaA"^aq —PbA" 2aq 
Bromo snlpho benzoic acid 
C«H,Br(S05H)(C02H) [4 2 or 3 1]. Probably 
identical with the preceding From p bromo 
benzoic acid and fuming H SO^ heated for 8 
hours at 130° (Bottinger, A 191, l3) Matted 
needles, v sol water * 

Salts — NaHA"2aq — Ag A"3aq — BaA"3aq 
— BaH2A"2 4aq — CuA'' 3aq — PbA'' 7aq 

Chloride CaH,Br(S02Cl)COH [197°] (Aith 
decomposition) Needles (from ether) M sol 
cold ether, which separates it from another 
chloride 

Acid ether C H,Br(SOsEt)(CO,H) [84°] 
From the chloride and alcohol ' 

Amic acid C,H3Br(S02NH2)C02H [230°] 
— BaA'2 12aq 

Amic acid C,H,Brf30,H)CONH. [2C2°] 
Amic ether C„H,BT(SO,Et)(CONH2) [128"] 
Bromo-di-<»nlpho*ben20ic acid 
C,HBr(S(),H) CO^H From p bromo tolnene 
disulphonic acid and boiling fuming HNO3 
(Kornatzki, A 221, 196) — K3A'"aq — 

BaaA'"2l2aq 

Chloride [151°] Trimetno tables from 
ether) 

Amide [above 2C0°] Small prisms in stars 

BROMO - SULPHO - PHENYL - PROPlONIC 
ACID C„H,BrSO, te 

[4 3 1] C,H3Br(S03H) CH. CH2 CO H Prepared 
by the action of fuming sulphuric acid on p 
bromo phenyl propionic acid (Goring, C C 
1877, 793 808) Non deliquescent rhombic 

plates (containing 2 (aq) a b c = l 301 3 1 0 7831 
Salts — NaHA"3aq — BaA'2aq -- 
HoBaA"2 8aq , tnclmic crystals a h c =r- 
0 4941 1 0 5046 , o = 68° 36' , ^ = 93° 22 , 

7 = 83° 38' — CaA'3aq — CaH^'oBaq 

monoolmic crystals a b c = 0 7062 1 0 9774, 
^ = 86° 45' 

DI-BROMO-SDLPHO-PYROMDCIC ACID 
CBr-C-CO^H 

>0 Ih bromo^ sulpho furfurane^ 

Br»C— SO,H 

carboxylic acid Formed by sulphonation of 
di bromo pyromucic acid [192°] with fuming 
H2SO4 By the action of bromine upon its 
banum salt, di bromo maleic acid is formed 
By zinc dust and aqueous NH, it is de- 
brominated, yielding sulpho pyromucic acid 
A"Ba 6aq easily soluble long fine needles (Hill 
a Palmer, B 18, 2096) 

BROMO SDLPHYDRO-BENZOIC ACID 
C,H3Br(SH)CO^(?) [256°] (U ) , [243°] (L ) 
From the chloride of sulphonated m bromo- 
benzoio acid by tin and HCl (Upmann, Z 
1870, 295 , Van Lennen, Z 1871, 67) Needles, 
msol water Reduced by sodium amalgam to 
C«H4(SH)C02H Iodine converts its Na salt 
into an acid [130°] 

Salts — ZnA'a — PbAV — BaAV 
Bromo zulphy^o-benzoio aoid 
C„H,Br(SH)C02H [194°] From the chloride 
of (1, 3, 6) bromo sulpho benzoic acid by tin 
and HCl (Frerichs, B 7, 795) Lanunro — 
PbA'aSaq 

BROMO-TEREPHTHALIC ACID 
! C.H,Br(OOJE[)j [2 1.4] [306° cor] Needlez 
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oonlaimng aq (Fis) or anhydrous (FilJ. Pre- 
pared by oxidation of bromo toluio acid with 
KMnO^ (Fiechli, B 12, 619), by oxidation of 
bromo cyraene (Fileti, O 16, 28C), or of jp- 
phenyl toluene [129°] (Carnelley a Thomson, 
C J" 61, 88) It gives a sublimate (? anhydride) 
[246°] 

Salts needles — Ag^A^'aq White 

insoluble flo#oulent pp — A"Cu light blue pp 
Chloride C,H3Br(COCl)2 (d06° cor ) 
Amide CuHgBr (CON 112)2 [270°] insolu- 

ble needles 

Methyl ether CaH^Br(CO OEt)2 [42°] 
(Fis ) , [62°] (Fil ) (above 300°) Needles 
Di-bromo-terephthalic acid CaH2Br2(C02H)2 
[6 3 4 1] Formed by oxidation of di bromo p 
toluic lyi^id [195°J with KMnO^ (Schultz, B 18, 
1762) or of di bromo cymene with dilute UNO, 
(Claus a Wimmel, B 13, 902) Laminfle (from 
HOAc) , does not melt^elow 320° 

Salts — A 'Ca 4aq- easily soluble micro 
Bcopic needles — AnBa2aq and A"Ba6aq 
microscopic needles 

Ethyl ether A"Et2 [121°] (c 335°) 
Pearly plates 

o-Di- bromo -terephthalic acid 
Hexa hydride C^H3Br2(CO H)2 [2 3 14] 
Di o hronio hcxa hydro beyvzene di p car 
hoxylic acid Formed by direct combination of 
tetra Jiydro terephthalic acid with Br in the cold 
Granular crystals (containing aq) Nearly msol 
cold water, sparingly in hot By Ag O it is con 
verted into an acid (probably C^H„(0H)2(C02H)2) 
which by treatment with bromine yields tetra 
bromo pyrocatechin (Baeyer, B 19, 1808) 

DI - BEOMO - TETEADECANE 
Tetradecylene bromide [0°] Colourless liquid 
lormed by addition of Br to tetradecylene 
(Krafft, B 17,1372) 

, C,Br,S 

HEXA BEOMO DITHlfillYL | [255° 

C.BrjS 

uncor] Formed by heatmg an acetic acid 
solution of dithienyl with an excess of bromine 
(Nahnsen, B 17, 2198) Small needles V sol 
hot benzene, v sl^ sol cold benzene and hot 
alcohol 

TEI a; BEOMO DI THlEmfL ETHANE 

CBrs CH(C4H3S)2 l 102°] Obtained by adding 
H2SO4 to a mixture of thiophene and bromal 
di38(»lved in acetic acid Small pyramids V 
sol ether, CS2, and hot alcohol With isatin 
and H SO4 it gives a violet red colour (Peter, B 
17, 1344) 

DI w BEOMO DI THifiNYL ETHYLENE 

CBrj C(C4 HjS) 2. Formed by boiling tri bromo 
di thifinyl ethane with alcohohc KOH, or better 
lv.CN (Peter, B 17, 1344) Colourless oil 
Volatile with steam Gives a violet red colour 
with isatin and H,S04 

BEOMO THI£NYL METHYL KETONE 
C4SH2Br CO CH, Bromo acetothi^none [94°] 
Formed by the action of acetyl chloride upon 
mono- or di bromo thiophene in presence of 
AljClj Stout colourless needles Sol hot 
alcohol, less in cold Very volatile with steam 
By alkalme KMa04 oxidised to bromo-thio- 
phene carboxyho acid [140°] 

Phenyl hydrasstde 

0,SH2BrC(N2HPh)CH, [122°], tables, si 
sol alcohol (Gattermanu a Bomer, B 19, 689} 


BEOMO-THIO CEE60L v Bbomo Toivn ttan- 

OAPTAN 

DI-BEOMOwTHIOHYDANTOlN C.R^ONgSBr^ 
Formed by the action of bromine on a solution 
of thiohydantoin in aqueous HCl (Mulder, B 
8, 1263 , Kramps, B 13, 789) Colourless crys- 
tals Insol cold water, sol alcohol and ether 
Decomposed by hot water 

BEOMO THIO OXY BENZOIC ACID 

BbOMO SUIiPHYDBO BENZOIC ACID 

(a) BEOMO THIOPHENE C 4 SH 3 Br ‘B’- 
Bromo thiophene (160°) S G ^ 1 652 Col- 
ourless liquid Formed by brommation of thio 
phene (Meyer, B 16, 1472) Isolated from the 
crude di bromo thiophene obtamed by fractional 
brommation of benzene ihat contains thiophene 
By EtBr and Na it is converted into ‘B’-ethyl- 
thiophene (Schleicher, B 18, 3016) 

Di bromo thiophene C4SH2Br2 (211° cor ) 
S G 2 147 Colourless oil Formed bv 
dropping bromine into thiophene cooled with 
water Prepared by fractional brommation of 
benzene that contains thiophene With isatiu 
and H2SO4 it gives a deep blue colour (Meyer, B 
16, 1469 , Meyer a Stadler, B 18> 1488) 

Tn bromo thiophene C4SHBra [29°]- (260° 
cor ) Formed by further brommatio® of di- 
bromothiophene Long white glistening crystals 
V sol hot alcohol and ether, si sol cold alcohol 
Gives the mdophemne reaction By sulphona- 
tion and debromination it yields thiophene (B)- 
Bulphonio acid (Rosenberg, B 18, 1773) 

Tetra-bromo- thiophene C4SBr4 [112°] (326° 

I cor ) Long white needles Formed by further 
! brommation of di bromo thiophene (Meyer a- 
Kreis, B 16, 2172) 

BEOMO-THIOPHENE-CAEBOXYLIC ACID 

C4SH2Br(C02H) [140°] Formed by oxidation 
of bromo thienyl methyl ketone with alkaline 
KMn04 Colourless glistening needles (from 
water) Sublimes in pearly spikes M sol hot 
water, nearly insol cold water (Gattermann a. 
Bomer, B 19, 690) 

Di bromo thiophene (o) carboxylic acid 
C4SHBr2 CO^H ^ bromo thiophenic acid 
[222°] Obtained by brommation of (a) thio- 
phene carboxylic acid {q v ) White monoclinio 
needles Sublimes on heating V sol alcohol 
and ether, si sol hot water, msol cold water 
Sparingly volatile with steam Isatin and H SO4 
yield a dirty green colouration quickly becoming 
brown A solution of the ammonium salt gives 
white pps with AgNOg, Pb(0Ac)2, HgNOg, and 
SnCl^, yellow pp with Fe^Clg, and greenish- 
white pp with CUSO4 

Salts — A'Ag white curdy pp becoming 
crystalline — A'K easily soluble crystals — 
A'aBaS^aq white needles, v sol hot water, si 
sol cold 

Chloride C4SHBr2 COCl (250°-270°) , 
silky needles 

Amide 04SHBr2 CONHj [167°] , fine white 
felted needles, v sol alcohol and ether, spar- 
ingly m hot water 

Methyl ether C4SHBr2CO,Me [80°J, 
white nee^es (Peter, B 18, 643 , Bonz, B 18, 
2308) 

DI BEOMO THI0FHENE-8DLFH0NI0 ACID 

C 4 HBr^S SOgH Formed by sulphonating di- 
bromo thiophene. By sodium amalgam it is 

8 s 2 
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reduced to thiophene ‘j8’ sulphonio acid. — 
PbA'^ 6^aq small ciystals, sol hot water 
Chloride C,HBr,S SO,Cl [33“] 

Amtde C,HBr,S bO,NH^ [147'^], felted 
needles , sparingly soluble m water (Langer, B 
17, 1666 , 18, 556 , Bosenbeig, B 18, 3030) 
Di-bromo thiophene-di sulphonio acid 
C4SBr2(S03H)^ Obtained by boiling the anhy 
dride with alkalis It very readily splits off 
H^O with conversion into the anhydride 

Salts — Na^A^Saq very soluble silky 
needles — (NH4)2A" aq — PbA ' plates, sol hot 
water — BaA" aq sparingly soluble white glis 
temng spikes 

Anhydride white glis 

temng plates, v sol alcohol and benzene, insol 
water and ligroin Obtained by the action of 
fuming sulphuric acid (4 vols ) on di bromo 
thiophene (1 vol ) 

Chloride C4SBr2{SO,Cl)2 [220°], glisten 
ing white needles , sol ether 

^mi<£eC4SBr2(S02NH,)j [c 270°] , crystal 
line powder, nearly insol water (Langer, B 17, 
1669 , 18, 654 , Rosenberg, B 18, 8030) 

Tn bromo thiophene sulphonio acid 
C4SBrj,(S03H) Formed together with the anhy 
dride by sulphonation of tn bromo thiophene 
[29-’] — BaA'^aq spanngly soluble white warty 
crystals 

Anhydride (C^SBr, 802)30 [116°].vola 
tile with steam , white sohd, v 6 *d1 alcohol and 
ether, v si sol water 

Chloride C4SBr,(S02Cl) [126®], needles 
Amide C4SBr,(S02NH2) needles (from 
water) (Rosenberg, B 18, 1774, 3028) 

Dl BBOMO THIOFHEKIC ACID v Di bbomo 

XBIOPHENE CAEBOXYLIC ACID 

BBOMO THIO- PHENOL tJ Bbomo phenyl 

ICEBOAPTAN 

TETBA BBOMO THIOPHTHENE C.SjBr^ 
XBr CBr 

K I 

>0 - C [172°] Formed by bromination 

K I 

NCBr CBr 

of thiophthene Long white needles (from 
benzene) V sol hot benzene, si sol alcohol 
(Biedermann a Jacobsen, B 19, 2447) 

BBOMO - THIOTOLENE v Bbomo methyl 

THIOPHENE 

BBOMO THIOXENE v Bbomo di methyl 

THIOPHFNE 

m BBOMO THTMOHTBBOQiriNONE 

C4,HMePrBr(OH)2 [1 4 6 3 6] [63°] Formed by 
the action of cone HBr upon thymoqumone at a 
low temperature Colourless needles (Schmter, J5 
20, 1318) Formed also by reduction of the 
corresponding quinone with SO* (Mazzara a 
Discalzo, O 16, 195) Changes spontaneously 
to a substance melting at 37® (M a D ) 

Di-acetyl derivative CgHMePrBr(OAc)2 ’ 
[91®] From thymoqumone and AcBr (Schulz, 
B 16, 667) 

Di-bromo^thymo-hydroqulnone 

Di-acetyl derivative CgMePrBr2(OAo)*. 
[122°] From di acetyl bromo tbymo hydro- 
quinone and Br (S ) 

BB0M0*THYM0LS and their ethyl derivatives | 
appear to have been obtained by Patemo a 
Caozonen, Q, 10, 233, Armstrong a Thorpe^ | 


'Brit Assoc Renorfs, 1875, 112, and Lallemand,' 
A Ch [8] 49, i48 

BBOMO THYMOL SULPHONIO ACID 

C,„H„Br804 1 e C«HMePrBr(OH)(SO,H) From 
potassium thymol (a) sulphonio acid and Br — 
KA' l^aq — BaA'j (Engelhardt a Latschinoff , Z 
1871, 261) 

1 m BBOMO THYMOQUINONE C^HMePrBrO, 
[1 4 5 3 6] [48°] (M a 1) ) , [46°] (» ) Formed 
by oxidation of the corresponding bromo thymo 
hydroqumone with Fe^Clg Glistening yellow 
plates (^Schmter, B 20, 1318) From bromo- 
amido thymol and mtrous acid (Mazzara a 
Discalzo, O 16, 195) A crystalline bromo 
thymoqumone was got by Carstanjen (J pr [2j 
3, 56) m brominating thymoqumone Andresen 
{J j)r [2] 23, 184) obtained a liquid ispmeride 
bj biominatmg thymoqumone chloro imide 

Di bromo thymo-quinone C^Br^MePiO^ 
[74°J The ethereal extract from the pioduct 
of the action of HBr oiv thymo quinone chloro 
imide (q ) is evaporated and the residue dis 
tilled with steam (Andresen, J pr [2] 23, 184) 
From thymoqumone and Br (C ) Lemon 
yellow plates (by adding water to the alcoholic 
solution) 

o BBOMO TOLUENE C^H.Br t e C^H^MeBr 
[1 2] (182°) S G 1 2031 S V 141 95 

(SchiU, B 19, 564; 

Formation — 1 Together with p b}|omo 
toluene, by brominating cold toluene, in the 
dark, m daylight, or with addition of iodine 
(Hubner a Wallach, Z [2] 5, 22, 138, 499 , A 
164, 293, Dmochowsky, B 5, 33S , Kekule, A 
137, 192 , Beilstem, A 143, 369 , Cannizzaro, A 
141, 198, Glinzer a Fittig, A 133, 47, 136, 301 , 
Fittig, A 147, 39 , Rosenstiehl a Nikiforoff, Z 
[2] 5, 635 , Hubner a Retschy, Z [2] 7, 618 , 
Lauth a Gnmaux, Bl 1866> 1, 347 , 1867, 1, 108, 
Korner, Q 4 , Hubner a Jannascb, A 170, 117 , 
Louguinme, B 4, 614 , Reyman, Bl [2] 26, 533 , 
Schramm, B 18, 607) —2 From 0 toluidme by 
the diazo reaction (Wroblewsky, A 168, 171 , 
Jackson, Am 1, 93) — 3 Together with naph- 
thalene, by the action of (o) bromo naphthalene 
on toluene in presence of AIjCl, (Roux, Bl [2] 

46, 620) 

Properties — Oil 

Reactwna — 1 Converted by dilute HNO, 
into o bromo benzoic acid (Zmeke, B 7, 1602) — 

2 Sodium has no action at 16° — 3 Sodium 
and Mel form o xylene — 4 The copper ztw 
couple has no action (Gladstone a Tribe, C J 

47, 448) 

m Bromo-toluene C»H«MeBr [1 3] (184°) 

S G A2 1 401 (W ) 

Formation — 1 From CBH,MeBr(NHj) [1 3 4} 
by the diazo reaction (Wroblewsky, Z [2] 7, 
609 , A 168, 166 , Grete, A 177, 281) -2 
From the same bromo p toluidme by successive 
conversion mto C8H2(N02)MeBr(NH^) [6134], 
C,H,(N02)MeBr [6 1 3], C,H,(NH2)Me [6 1], and 
C,H,BrMe [6 1] [Wroblewsky, A 192, 206) 

Properties — Liquid, even at -20® Oxidised 
by chromic mixture to m-bromo benzoic acid 

p Bromo toluene C^H^MeBr [1 4] [28 5®] 

(185° 1 V ) (Hubner a Post. A 169, 6) S G 
V 1 411 (Kekul6, A 187, 192) 

Formation — rTogether with 0 bromo toluene 
(2 V ) by brommatmg toluene 

Properties — Tiametno crystals 
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Tteactwns — 1 CrO, forms p bromo benzoic 
aoid — 2 Sodium even at 15*^ forms ditolyl 
(Zmoke, B 4, 896 , Lougumine, B 4, 514) — 
3 Sodium and Mel gives p xylene — 4 The 
copper zinc couple has no action (G a T ) — 
6 Taken internally, it is excreted as p bromo 
benzoic and p bromo hippuric acids (Preusse, H 
6, bd) -6 CrO, Cl, forms C,H^Br CH(0 CrOCl)^ 
(Etard, A Gh [5] 22, 241) 

w Bromo^olueod v Benzyl bromide 
Di bromo toluene C.H^MeBrj [1 2 3] [28°] 
Ftom CaH,(CHj)(NH,)Br, [86°] by displacing 
NH by H (Nevile a Winther, C J 37, 434) 
Gives on oxidation with HNOj di bromo benzoic 
acid [140°-148°] On nitration it gives a mono 
mtro derivative [57°] which reduces to an 
amido compound [5 4°] 

Di bromo toluene C„H,MeBr. [1 2 4] From 
di bromo m toluidme [75^] by eliminating NH, 
Also from C«H8(CH,)(NH )Br [1 2 4] by diazo 
pci bromide reaction *011 On nitration gives 
di bromo nitro toluene f80°] On oxidation with 
HNO, gives di bromo benzoic acid [169°] 

Di-bromo-toluene C^HtMeBr, [1 2 5] (236°) 

S G i® 1 813 Formed by brommating toluene 
(Wroblewsky, Z [2] C, 219) From acetyl o 
toluidme by brommating, saponifying and dis 
placing NH, by Br by the diazo reaction (N a 
) Also from acetyl m toluidme m the same 
way Thus C.H,(CH,)(NH,)Br [12 5] and 
C,H^CH,)Br(NH,) [12 5] give the same 
CflHj{CHj)Br 2 Oil On nitration it gives a 
nitro compound [88°], which reduces to an 
amido compound [85°] Oxidised by dilute 
HNO3, it gives di bromo benzoic acid [149°- 
153°] , this distilled with lime gives a solid, 
[86°], probably di bromo benzene 

Di-bromo-toluene C^H^MeBr, [1 2 6] (246°) 
SG ^^1812 I rom di bromo m toluidme [35°] 
(Wr , N a W) or from di bromo p toluidme 
[88°] by diaz© reaction Oil On nitration it 
gives two nitro compounds, [161°], and [c 80°] 
On oxidation it gives di bromo benzoic acid 
[150°-107°J 

Di-bromo-toluene C.H^MeBr, [1 3 4] (241°) 

S G 1 812 Fymed m brommating toluene 
containing iodine in sunlight (Jannasch, A 176, 
286) Also from bromo p toluidme by the diazo 
perbromide reaction (N a W , Wr ) Oil Gives 
a nitro derivative, [87°], reducing to an amido 
derivative [98°] By oxidation with CrO, it gives 
di bromo benzoic acid [233°] 

Di-bromo-toluene C„H,MeBr 2 [13 5] [39°] 

(246°) From C„H,(CH,)(NH,)Br, [73°] and its 
isomeride [46°] (N a W , Wr ) With HNO, it 
gives two di nitro compounds, [158°] and [105°] 
On oxidation with CrO, it gives di bromo benzoic 
acid [208°-210°] 

Di-bromo-toluene C«H,MeBr, [108°] The 
existence of this body, said to be formed in bro 
minatmg toluene (Fittig, A 147, 39), is called in 
question by Nevile and Winther 

Other Di-bromo-tolueoes are described as 
BENZYLinsinc bromide and Bromo benzyl bbo 

HIDE, 

Tri-bromo-toluene C.H^MeBr, [1 2 3 4] [44°] 
From C 5 H(CH,)(NH )Br„ [97°], by nitrous gas 
(Nevile a Wintner, C J 37, 447) On nitration 
it gives a nitro compound [107°] 

Tri-bromo-toluene C,H,MeBr, [1 2 3 6] [53°] 
From di bromo 0 toluidme [46°} by ^lazo 


perbromide reaction (N a W) Long flat 
needles 

Tn bromo toluene 0„H,MeBr, [1 2 6 6] [69°] 
From [1 3 2 5 6] C„H(CH,)(NHJBr, [94°] by 
nitrous gas On nitration it gives a nitro com- 
pound [91°] 

Tn bromo toluene C«H,MeBr, [1 2 4 6'’ [6^^°]. 
(290°) From tn bromo m toluidme [101°] by 
nitrous gas (N a W , Wroblewsky, A 168, 
194) On nitration it gives a di nitro compound 
[0 220°] 

Tri bromo toluene C^H^MeBr, [1 8 4 6] [89°] 
From di bromo p toluidme by diazo perbromide 
reaction (N a W ) 

Tn bromo toluene C„H,MeBr 3 [1 8 4 6] [112°], 
From di bromo m toluidme [75°] and from di 
bromo toluidme [85°] by diazo perbromide re 
action (N a W ) 

Tn bromo toluene ? [150^] Formed by heat 
mg potassium tn bromo phenol with KOAo 
(Pfankuch, J pr [2] 6, 103) 

Tetra-bromo toluene C^HMeBr 4 [1 2 3 4 6] 
[105° 108°] From tetra bromo m toluidme 
[224°] by alcohol and nitrous gas Also from 
tn bromo m toluidme [100°] by diazo perbio- 
mide reaction (Nevile a Winther, C J 87, 
440) Fuming HNO, forms the nitro compound 
[216°] 

Tetra bromo toluene CgHMeBr^ [1 3 4 5 6] 
[111°1 From tn bromo m toluidme [96°], by 
diazo perbromide reaction (N a W ) Its nitro- 
compound melts at [212°] ' 

Tetra bromo toluene CgHMeBr^ [1 2 3 5 6]. 
[117°] Fuom tn bromo m toluidme [94°] by 
diazo perbromide reaction Its nitro derivative 
melts at [213°] 

Penta bromo toluene CaMeBr^ [285°] From 
tetra bromo m-tolmdme by diazo perbromide 
reaction (Nevile a Winther, C J 87, 460) 
From toluene, AUBr^, and Br at 0° (Gustavson, 
Bl [2] 28, 347 ,' B 10, 971) Long needled 
(from benzene) 

0 BKOMO TOLUENE SULPHONIC ACID 

C,H,BrSO, i e CaH,MeBr(S 03 H) [1 2 6?] From 

0 bromo toluene by sulphonation (Hubner a 
Post, A 109, 31^ cf Dmochowsky, B 6, 3331. 
Also from brominated (1, 4, 3) p toluidme sul- 
phonic acid by displacement of NH, by H 
(Pechmann, A 173, 212) Reduced by sodium- 
amalgam to toluene m sulphonic acid 

Salts — KA' ^aq — NaA' ^aq — BaA', 2aq — 
BaA'jSiaq S (of BaA',) 35 at 14° — PbA',2aqJ 
S (of PbA',) 62 at 18° — PbA', 3aq 
Chloride CeH 3 MeBr(SO,Cl) [63°] 

Amide CaHsMeBr(SO,NH,) [134°] 
o Bromo toluene sulphonic aoid 
C«H,MeBr(S 03 H) [1 2 5] From 0 toluidme by 
Bulphonating and displacing NH, by Br (Pagel, 
A 176, 294 , Nevile a Winther, B 13, 1943 , 
cf Gerver, A 169, 384) Reduced by sodium- 
amalgam to toluene m sulphonic aoid 

Salts — K A' aq — CaA', aq —BaA', ^aq S, 

1 2 at 25° (P ) —BaA' 2iaq — BaA',9aq S 8 9 
at 17 5° (G ) - PbA',2aq — CuA'jSaq 

Chloride [63°] (P ) , [66°] (N a W) 
Amide [c 135°] (P ) , [147°] (N a W ) 
This acid is probably identical with the preoedmg. 

0 Bromo toluene sulphonic aoid 
C,H,MeBr(SO,H) [1 2 4] From o-tolnidme 
sulphonic acid by the d\azo reaction (Hayduok, 
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«4. 172, 206) — K A' nodules of minute needles — 
BaA'^2aq — PbA'aS^aq 

Chloride C,H,MeBr{SO,Cl) [64°] 

Amide C„H3MeBr(SO,NH,) [151°] 

Bromo toluene sulpnonic aoid 
CaHjMeBrSOsH [1 3 5] From bromo o toluidme 
Bulphonic acid or from bromo p toluidme sul 
phonic acid by displacement of NH^ by II 
Potash fusion gives orcin (Nevile a Winther, B 
13, 1944 , O J" 41, 420) 

C A Zoride OrfH,MeI3r SO^Cl [62°] 

Amide C«H,MeBr SO,NH, [U9°J 
m Bromo toluene sulphonic acid 
C^H3MeBr(S03H) Formed by sulphonatmg m 
bromo toluene (Grete, B 7, 795, 8, 565, A 
177, 233) — BaA'j aq — SrA'^ aq — CaA'j 2aq — 
MgA'2 6aq — CuA'2 4aq — PbA'^ -5aq According 
to Wroblewsky {A 168, ICG , Z [2] 7, 6y tnree 
bromo toluene sulphonic acids are formed by 
sulphonatmg m bromo toluene, the Ba salts 
being BaA'2 aq S 528, BaA'j 3aq S 1 452, 
and BaA 2 2iaq S 5 248 at 19°, Grete, how 
ever, could only obtain the acid just described 
Bromo toluene 0 sulphomo acid 
C«HjMeBr(S08H) From (1, 4, 2) toluidme sul 
phonic acid by brommation and elimination of 
NH2 (Weckwarth, A 172, 196) — NaA' -aq — 
KA'aq — BaA'22|aq — Sr A 22^aq — PbA'^S^aq — 
CuA'2 iaq 

Chloride CflH3MeBr(S02Cl) crystalline at 
-20° 

Amide C,H8MeBr(S02NH2) [0 164°]. 

needles 

Bromo toluene sulphonic acid 
C3H,MeBr(SOaH) From toluene by sulphona 
tion, mtration, reduction, and displacement of 
NHj by Br (Weckwarth, A 172, 193 , Hayduck, 
A 177, 57) — BaA'^aq 

Chloride Oil, slowly solidifying 
Amide Does not melt below 230° 
p Bromo toluene m sulphonic acid 
C,H,MeBr(S03H) [1 4 3j [0 108°] From p 
toluidme m sulphonic acid by exchange of NH2 
for Br Formed also m sulphonatmg p bromo 
toluene (E Richter, A 230, 319, Post a 
Retschy, A 169, 7 , v Pechmann, A 173, 208 , 
Nevile a. Wmther, C J 37, 631) Laramm 
(containing aq) — BaAjTaq — SrA'jTaq — 
PbA'j 3aq 

Chloride C„H,MeBr(SO Cl) [61°] 

Amide C,H,MeBr(S02NH.,) [152°] 
p Bromo toluene sulphonic acid 
CBHaMeBr(S03H) [1 4 2] The chief product of 
the sulphonation of p> bromo toluene (Hubner, 
A 169, 6, Z [2] 7, 618) Formed also from 
p toluidme 0 sulphomc acid by exchange of NHj 
for Br (Jenssen, A 172, 237) Reduced by 
sodium amalgam to toluene 0 sulphonic acid — 
NaA'jaq — CaA'2 4aq — BaA'j aq S 53 at 8° — 
firA'jaq — PbA'jSaq — CuA'2 7aq 

Chloride C,H8MeBr(SO,Cl) [85°] 

Amide C.H2MeBr(S02NH2) [167°] 
p Bromo toluene exo sulphouic acid 
CyH^Br CHjSOjH [1 4] p Bromo benzyl suh 
phonic acid From p bromo benzyl bromide 
and K^SO, (Jackson a Hartshorn, Am 5, 264) 
Also from 0,H4(NH2) CH^SO^H by diazo- reac 
tion (Mohr, A 221, 222) — EA' S 6 2 at 18° 

— CaAV— BaA'jlJiaq — ^BaA'jaq S (of BaA'j) 
67 at 18° —PbA',. S 2 at 18° 

Chloride. £107°] (M)i [115°] (J a H) 


Bromo toluene disulphonic acid 

C,H MeBr(SO,H)j [1 2 3 5] From 
C„H^Me(NH ) (86313)2 by diazo reaction (Limp* 
richt, B 18, 2177 , Haase, A 230, 294) — 
KA" 4aq — BaA ' l^aq 
Chloride [90°] 

Amide [238°] 

p Bromo toluene disulphonic acid 

CjH2BrMe(S03H) From p bromo toluene, 
H^SO, and SO, (Kornatzki, A 221, 192) Cauh 
flower like deliquescent crystals Boiled for 
sixteen hours with cone nitric acid it forms 
sulphuric acid C,H2Br(CO H)(SO,H) with 
C,H(NO )Br2MeS03H, and C H (NO )Mc{S03H)2 
baits — K^A'^q — BaA"5aq — PbA' 2aq 
Chloride [99°] Trimetrio plates (from 
ether) 

Amide C8H2MeBr(S02NH2)2 [above 260°] 
Bromo toluene disulphonic acid 
CriH2MeBr(SOjH)2 [14 3 a;] Prepared from 
C H Me(NH2)(SO,H)2 by diazo reaction (Limp 
noht, B 18, 2179 , E Richter, A 230, 324) — 
BaA" 6aq — K^A" aq 

Chloride C„H MeBr(S02Cl) [129°-133°] 
Amide C8H2MeBr(S0 NH )2 [above 210°] 

Di bromo toluene sulphonic acid 
C^H MeBr2(S03H) From 0 bromo toluene m 
sulphonic acid by nitiation, and displacement 
of NO^by Br (Schafer, A 174,365) —NaA 2aq — 
BaA' 2^aq 

Tri bromo toluene sulphonic acid 
C3HMeBr3(SOjH) Fromo toluidme p sulphonic 
acid by brommation and exchange of NH for Br 
(Hayduck, A 174, 354) — KA — BaA' l^aq 
The chloride is a syrup, the amide 0 , 0 . amor 
phous powder 

BE0M0.(a)-T0LTTIC ACID v BaoMO phenyl* 

ACETIC ACID 

p Bromo 0 toluic acid C3H3MeBr(C02H) 
[1 4 2] [118° uncor ] Fine white needles 

Formed by oxidation of bromo 0 ethyl toluene 
with dilute HNO3 (1 1) at 200° (Claus a Pieszcek, 
B 19, 3088) 

Bromo tolnic acid CgH^MeBr CO H [1 3or4 2] 
[1C7°] From 0 toluic acid and bromine m the 
cold (Jacobsen a Wierss, B, 16, 1959 , Racine, 
A 239, 74) Needles , volatile with steam 
On oxidation it gives bromo phthalic acid [157°] 
Salt — BaA'jSaq 
Methyl ether Meh! [46°] 

Bromo 0 toluic acid CoHsMeBrCO^H 
[1 4or5 2] [176°] Glistening needles V si 

sol hot water Formed by oxidation of bromo o 
xylene with dilute HNOj — CaA'2 2aq (Jacobsen, 
B 17, 2375) This acid is perhaps identical 
with the following 

Bromo 0 toluic acid GaH3MeBr(C02H) [1 5 2] 
[187°] Formed by saponihcation of the nitrile 
Sublimes m needles V sol alcohol, v si sol 
water By alkaline KMnO, it is oxidised to 
bromo phthalic acid [168°] (Noumsson, B 20, 
1016) 

Amide C,H3MeBr(CONH2) [182°], pearly 
plates (from alcohol) , sublimes in needles 
Nitrile C,H,MeBr(CN) [15 2] [70°] 

Formed from bromo 0 toluidme by diazotisation 
and treatment with cuprous cyanide Long 
needles Easily volatile with steam 

Bromo toluic acid C0H,MeBr(CO.H) 
[14 3] [153°], 
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Formation — 1 From bromo isocymene, 
C^H,MePrBr i.l 3 4j by treatment with dilute 
IINO, (Kelbe a Czarnomski, A 235, 296) — 

2 Together with the following acid, by bromina 
ting m toluic acid in the cold (Jacobsen, B 
14, 2351 ) — 3 From bromo nitro toluene [45°] 
by treatment with KCN and alcohol at 220^^, and 
saponification of the resulting nitrile (Richter, 
B 6, 425) 

Propert'Bs —Slender needles , si sol cold 
HOAc Oxidation gives (4, 1, 3) bromo iso 
phthalic acid 

Bromo m toluic acid CaHjMeBrCOjH [1 6 3] 
l 209° cor ] 

Formation — 1 By oxidation of bromo m- 
xylene (Fittig, A 147, 32 , Jacobsen, B 
14, 2352) — 2 Together with the preceding by 
bioiniaating m toluic acid (J ) — 3 By oxidising 
the corresponding bromo m isocymene (Kelbe, 
B 15, 41) — 4 From the corresponding amido I 
toluic acid by exchan{|fe of for Br (llemsen 
a Kuhara, Am 3, 431)* 

Piopertics — Crystalline powder, sol hot 
alcohol, insol water — CaA'j 3aq — BaA'^ 4aq — 
AgA' 

FAhyl ether EtA' [c -5°], (270^-275°) 
Bromo _p toluic acid CaHj,MeBr(CO^H) [1 2 4] 
[204-] 

Formation — 1 By the oxidation of bromo 
cymene C^H^MePrBr [1 4 2] (Randolph, B 6, 
268]^ bromo p xylene (Jannasch a Dieckmann, 
A 171, 83), bromo p ethyl toluene (Remsen a 
Morse, Am 1, 138) — 2 By brominatmg toluic 
acid in the cold (Bruckner, B 9, 407) 

Propel ties — Thin needles or laminas (from 
water) , m sol hot water 

Salts — BaA' 4aq — CaA'^3^aq — CaA^3aq 
Bromo p toluic acid CeHg McBr(CO^H)[l 3 4] 
[196°] Formed by oxidising bromo p cymene 
C„H,McPrBr [1 4 3J (Kelbe a Koschnitzky, B 
10, 1731) • 

Di bromo m toluic acid C ,H2MeBr2(C02H) 
[180°] Formed by oxidising crude di bromo 
xylene with CrO, (Fittig, Ahrens, a Mattheides, 
A 147, 36) Minute needles (from alcohol) — 
BaA'j 9aq — AgA' 

Di bromo p tdluic acid CBH 2 MeBr 2 COjH 
[4 6 3 1] [195°] Needles (from alcohol) V si 
sol hot water Formed by oxidation of di 
bromo p xylene CHH 2 (CH 3 ) 2 Br 2 [1 4 3 6] in acetic 
acid solution with CrO, By further oxidation 
with KMnO^ it gives di bromo terephthalic acid 
C«H2Br2(C02H)2 [6 3 4 1] 

Salts — CaA'24aq S 1 at 20° — BaA j 2aq 
Ethyl ether A'Et [49°] , (c 310°), long 
needles (Schultz, B 18, 1762) 

BROMO o TOLUIDINE C«H,Me(NH )Br 
[1 2 3] Formed by reducing bromo nitro tolu 
ene, itself got by the diazo reaction from bromo 
nitro toluidine [88°J Oil Gives with bromine- 
water di bromo o toluidine, C„H 2 (CH^)(NH )Br 2 , 
[47°] Heated with cone HCl at 160° it forms 
the above di bromo toluidine and a crystalhne 
bromo toluidine [66°] (Nevile a Wmther, C J 
87, 630) 

Bromo - toluidine C 3 H,Mc(NH 2 )Br [1 2 4] 
[S2°] (o 265°) Formed by reducing the corre 
spending bromo nitro toluene, [45°J (Ilubner a 
Wallach, A 164, 298 , Korner, Z 1869, 636 , 
Hubuer a Roos, B 6, 799, Wroblewsky, A 168, 
177, Heynomann, ^ [2J 6, 402, A 168, 340, 


Nevile a Wmther, C J 87, 442) Laminas — 
B'HGl SIX sided tnmetno tables, S 827 at 
11 6° — B'^HaSO, 

Bromo o toluidine CaH,Me(NH 2 )Br [1 2 6] 
[58-^] Formed by brommating acetyl o tolu- 
idine (Wroblewsky, A 168, 162 , Z [2] 7, 135) 
Also from bromo nitro toluene [56°J by tin and 
HCl (Crete, B 8, 565 , A 177, 249) Rhombo* 
hedra (from alcohol) Its constitution is known 
because it gives the same di bromo toluene (2 v ) 
as bromo m toluidine By displacement of NH, 
by H it yields m bromo toluene — B'jH 80^ — 
B' H 2 SO, liaq — B'HCl — B'HNO„ [183°] , S 

4 92 at 17° 

Acetyl derivative CttH8Me(NHA.c)Br 
[167°] 

Bromo toluidine C„H,Me(NH )Br [1 3 4] 
[S2°] (N a W ) , [67°] (Wr ) , [75°] (H a R ) 
By reducing the corresponding bromo nitro 
toluene (q v) (Nevile a Wmther, C J 37, 442 , 
Wroblewsky, A 168, 177 , Hubner a Roos, B 
6, 800) 

Acetyl derivative C«H 3 Me(NBLAc)Er 
[114°] (N a W ) 

Bromo toluidine CaHsMe(NH 2 )Br [1 8 5] 
[36°] (0 258°) S G Afi 1 1442 Formed by 

reducing bromo nitro toluene, [81°] Crystal- 
lises with difficulty (N. a W , Wroblewsky, A 
192, 203) Reduced by sodium amalgam to wi- 
toluidine —B'HCl — B'HNO, 8 2 6 at 13° — 
B'jH^SO, 

Acetyl derivative CaH 3 Me(NHAo)Br, 
[168°] 

Bromo m toluidine CoH,Me(NH )Br [1 3 6] 
[78°] (240°) Formed by brommating acetyl- 

m toluidine and boihng the product with alco- 
holic potash (N a W ) Formed also by re 
duemg (1,2,5) CaH3(CH3)Br(N02) It gives the 
same di bromo toluene (2 u ) as bromo-o tolu- 
idine — B'HNOj prisms 

Bromo toluidme C„H 3 Me(NH 2 )Br From o- 
bromo toluene by nitration and reduction (Hub 
ner a Roos, B 6, 801) Oil —’‘B'HCl 8 3 1 
atl6 5°— ’‘B'HNO, 1 25 at 19° Perhaps iden- 
tical with the preceding 

Bromo p toluidme CBH,Me(NHJBr [14 8] 
[26°] (Claus a Steinberg, B 16, 914) (240°), 

5 G 23 1 50 From acetyl p toluidme by bromi 
nation and saponification (Wroblewsky, A 168, 
153) Elimination of NHj gives m bromo- 
toluene — B'HNO, [182°] , 8 2 533 at 19° — 
B'lL SO, aq — B'H,C,0, 

Acetyl derivative OaH3Me(NEL4c)Br 
[117 6°] 

Bromo p toluidme C«H 3 Me(NH 2 )Br [14 2], 
[26°] Formed by reducing the corresponding 
bromo nitro toluene (Nevile a Wmther, C J 
39,85) — B'HBr —B'HCl (Wallach, A 236, 255) 

Di bromo 0 toluidme C„H (CHj,)(NH)Br^ 
[1 2or6 3 5] [46°] (N a W ), [50°] (Wroblewsky, 
A 168, 187 , Z [2] 7, 210) From 0 toluidme 
and bromine (Nevile a Wmther, O J S7, 436) 
Forms unstable compounds with strong acids 

Di - bromo toluidine C«Hj(CH,)(NHJBr, 
[1 a: 3 4] [98°J (N a W ) , [86°J (Wr ) By re- 

duoing the corresponding nitro- compound 
j (Nevile a Wmther, C J 37, 439 , Wroblewsky, 

! A 168, 184) Does not combine with acids 
j Di bromo m tolxudme X3«H^e(NHJBr, 
[1 5 3 4] [59°] Formed by reducing the oo?re 
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fpon^iQg bromo-nitro toluene (Nevil^ a Wm- 
ther, C J 87,447) 

Acetyl derivative C^Hj(OH,)(NHAo)Brg. 
1163°] 

Di bromo m-toluidine CeH^Me(NHJBra 
[1 3 2 5] [73°] From the corresponding di 

bromo nitro toluene [70°] by reduction V sol 
alcohol (Nevile a Winther, C J 37, 448) 

Acetyl derivative C„H_^(CH3)(NHAc)Br2 
[145°] 

Di bromo m toluidine C«H Me(NH^)Brj 
[1 3 4 G] [75°] Formation — 1 Acetyl m tolu 
idine IS brommated The product is boiled 
with alcoholic KOH and then distilled with 
dilute acid This retains bromo toluidine By 
fiactionally distilling the rest with steam, two 
di bromo-m toluidinea [75°] and [35°], and one 
tn bromo toluidme [101°] may be isolated 
(Nevile a Winther, C J 87, 440) —2 By bro 
minatmg the acetyl derivative of bromo tolu 
?dine [32°], and removing acetyl by heating with 
H^SO^ (2 vols ) and water (1 vol ) 

Acetyl derivative 0^113(6113) (NHAc)Br2 
[1C8°] 

Di bromo m toluidme C„H Me(NH3)Br2 
[1 3 2 6] [35°] Prepared as above 

Di bromo m toluidme 0^11 lVIe(NH3)Br3 
[1 3 5 6] [8G°] Prepared by reducing di bromo 
nitro toluene [105°] (Nevile a Winther, C J 37, 
434) Formed also by heating the acetyl deriva 
tive with equal volumes of H^SO^ and water — 
B'HCl 

Acetyl derivative C^H (CH,)(NHAc)Br^ 
[205°] Formed by acetylation of the base , 
also from Br and bromo acetyl toluidme [168°] 
Di bromo p toluidme CyH Me(NH IBrj 
[1 4 3 5] [73°] (N a W), [76°] (Wroblewsky) 
From p toluidme and bromine (Wroblewsky, A 
168, 188 , Nevile a JVmther, C J 37, 436) 
From p toluidme m sulphonic acid and Br 
(Pechmann, A 173, 216) Converted by N^O, 
into di bromo toluene [39°] 

Di bromo p toluidme CttH^Me(NHJBr2 
[1 4 2 5] [85°] Formed by reducing the cor 

responding nitro compound [87°J (Nevile a 
Wmther, C J 37, 445 , Wrob'ewsky, A 108, 
185) Yields tri bromo toluene rill°] 

Di bromo p toluidme C^H^i\Ie(NH )Br2 
[1 4 2 6] [88°] Formed by reduction of the 

eorresponding nitro compound [57°J 
Di-bromo toluidme C«H Me(NH2)Br2 
[1 4or6 2 3] [53 °] From the corresponding 

di bioma-nitro toluene [57°] (N a W ) 

Tn bromo - 0 toluidme C«HMe(NH2)Brg 
[106°] Described by Gerver (A 109, 379) as 
form^ by brominatmg 0 toluidme Nevile a 
Winther (C J 37, 438) say that no such body 
MS so formed 

Tri bromo m toluidme C HMe(NHJBr, 
[13 2 5 6] [94 °] From the acetyl derivative by 
boiling with alcoholic potash 

Acetyl derivative C„H(CHg)(NHAc)Br, 
[181°] From CA(CH3)(NHAc)Br2 [1 3 2 5] 
[144°] and Br (Nevile a Wmther, C J 87, 
448) 

M - bromo m - toluidine C^HMe(NH2)Br, 
[X 5 2 3 4] [96°] Prom its acetyl derivative by 
alcohobo EOS (N a W) 

Acetyl derivative CaH(CHj)(NHAc)Br, 
[1 5 3 4 2] [173°] I'oimed by brominatmg 

CJi2(CH,)(NHAc)Br^ 


Tri « bromo m toluidine OaHMe(NHjBr3 
[1 5 2 4 6] [101°] (N a W ) , [97°j (Wr ) Formed 
by brominatmg di bromo m toluidme (Nevile a 
Winther, G J 37,448 , Wroblewsky, -4 168, 195) 
Tn bromo p toluidme C«HMe(NH )Br, 
[1 4 2 3 5] [83°] From the hydro chloride of 
C„Hg(CHg)Br(NH,) [12 4] and bromine water 
(N a W ) Needles (from alcohol) 

Tn - bromo p toluidme C^HM'e(NIl JBr, 
[1 4 5 6 2] [118°] Formed by reducing the 

corresponding nitio compound [10b°] by iron 
and acetic acid (Nevile a Wmther, C J 39,85) 
Tn bromo toluidme C^HMg(NH }Dr^ [113°j 
From p toluidme m sulphonic acid and Br 
(Pechmann, A 173, 217) 

Tn bromo toluidme CyHMe(NH )Brg [82°] 
From o bromo toluene m sulphonic acid by 
nitration, reduction and bromination (Soliafei, 
A 174, 362, B 7, 1356) 

Tn bromo toluidme CaHMe(NHJBra [72°] 
From p bromo toluene o sulphonic acid by 
Bimilai treatment (S ) 

Tetra bromo-m toluidine CuMe(NnjBr^ 

[1 3 2 4 5 6] [224°] From bromo ifi toluidine, 

[37°], aqueous HCl, and bromine (Novik a Win 
ther, C J 87, 449) White needles (from alco 
hoi) 

Tetra bromo p toluidme C^Me(Nn )Br^ 

[1 4 2 3 5 6] [227°] From C H Me(NH )Lr 

[1 4 2 6] dissolved in dilute HCl and treab d 
with bromine water (Nevile a Winther C J 
39, 85) Also from p nitro toluene, FeBr^, and 
Br at 90° (Scheufelen, A 231, 179) 

BROMO TOLUIDINE SULPHONIC ACID v 
Bbomo amido toluene sulphonic acid 

DI BBOMO TOLUQUINONE C.HMeBr.Og 
[85°] Formed together with the tn bromo den 
vative by the action of bromine on tolu qumone, 
and separated from it by crystallisation from 
dilute acetic acid in which it is the moie solu 
ble Yellow needles , m sol water^and alcohol 
(Canzonen a G Spica, Q 12, 472) 

Tn bromo toluqumone CgMeBr.Oj 
[1 3 4 6 2 5] [235°] 

Formation — 1 From toluquinone and Br — 

2 From tn bromo hydrotoluqumone and Fe^Clg 

3 In small quantities, by heating cresol with 
R,SO„ MnO^, and KBr (C a S ) 

Properties — Pale yellow laminsB , insol 
water, si sol alcohol Anihne forms black 
crystalline CHMeBr(NPhH) Aqueous KOH 
forms C„MeBr^(0H)02 [197°] (Spica a Magna- 
nimi, O 13, 312) 

BBOMO op DITOLYL 
[4 3or2 1] C^gMeBr C,H^Me [1 2] [95° cor ] 

From di tolyl and Br (Carnelley a Thomson, 
C J 47, 690) Purified by crystallisation from 
alcohol, from which an oily isomeride first sepa- 
rates Oxidation gives bromo terephthalio acid 
[309° cor ] 

Bromo op-ditolyl [4 1] C«H,Me CgHgMeBr 
[1 2 8or6] Oil , prepared as above Oxida 
tion gives bromo diphenio acid [208°] and c- 
bromo phthalio acid [197°] 

Di bromo ditolyl 0,4H,2Br, [162°] From Br 
and ditolyl m CS^ (Camelley a Thomson, C J 
47, 591) Long hair like needles , less soluble 
in alcohol than the preceding compound CrO, 
in HOAc gives C,4H^Bro02 [166°] and C,4HgBr204 
(?) [198°], neither of which compounds diasolvoa 
m EOHAq 
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bbomo.tolyl AMIDO CHLOHO.KAPH. 

THOQUIKON£ v Chlobo naphthoquinone bbo 

HO TOLUIDB 

DI BROMO-o TOLYL- AMIDO PROPIO- 
BTITRILE C^MeBr. CHMe CN [105°] From 
o tolyl amido piopionitnle and Br (Stephan, 
C C 1886, 470) 

Di bromo p-tolyl amido propionitrile 
C.HaMeBr CHMe CN [117°] (S ) 

TETRA IflOMO DI-TOLYL AMINE 
( 0 ,H,MeBr.) 2 NH [162°] From Br and di 
tolyl mtrosamme m alcohol (Lehne, B 13, 1544) 
Small needles 

BROMO p-TOIYL-BENZENE C.JIi.Br le 
[4 1 ] OgH^Br CflH^Me [1 4] Bromo phenyl tolu 
ene [c 30°] A product of the bromination of 
p tolyl benzene Oxidation gives bromo 
diphenyl carboxylic acid [194°] and p bromo 
benzoic acid (Camolley a Thomson, C J 61, 
88 ) 

Bromo p tolyl benzene C^H, CyH^MeBr 
[1 2or3 4] [129°] Frc^ tolyl benzene in CS^ 
by Br (Oamelley a Thomson, C J 47, 58b, 51, 
87) Pearly plates si sol hot alcohol, v e 
sol benzene Oxidises to bromo terephthahc 
acid [306° cor ] 

Di bromo p tolyl benzene 
[4 1] C„H,Br C„H,BrMe [1 2or3 4] [115°] From 
p tolyl benzene in CS^ and Br (Carnelley a 
Thomson, C J 61, 89) Oxidation gives di 
brorag diphenyl carboxylic acid [204°] and p 
bromo benzoic acid 

Di bromo tolyl benzene 

[4 1 ] C,H,Br C,H 3 BrMe [1 3or2 4] [150°] 

Formed, together with the isomeride [115°] m 
brominatmg p tolyl benzene Oxidation gives 
di bromo diphenyl carboxyhc acid [232°] and p- 
bromo benzoic acid 

BROMO-TOLYIENE m DIAMINE 
C,H 2 (CH,)(NH,) (Br) [12 4 a;] [104°] Colour 
less plates §ol alcohol, ether, and CS Pre 
pared by bromination of the di ben/oyl deiivative 
of (1 2 4) tolylene diamine and subsequent sapo 
nification 

Dt benzoyl deriv alive [214°] White 
needles (Ruhemann, B 14, 26 > 8 ) 

Bromo tolyleneBiamine C H (CH,)(NH ) Br 
[107°] Formed by reducing biomo di nitio 
toluene [104°] (Crete, A 111, 262) — B"2HC1 — 
B"2HNO, — B" H SO, — B" H C O, This body 
18 perhaps identical with the piecedmg 
Bromo tolyleae o diamine 
CA(CH 3 )(NHJBr [1 2 3 4] [69°] Obtained 

by nitration and reduction of p bromo o toluid 
me (Hubner a Schupphaus, B 17, 775) Small 
colourless needles V sol water, alcohol, and 
benzene 

Salts — B'HCl very soluble colourless 
needles — B'^jH^SO, colourless tables 

Anhydro formyl derivative v Meth- 

KNTL BBOMO TOLYLE\E-0 DIAMINE 

BROMO TOLYL-ETHANE v Bromo EXHTn- 

TOLUKNE 

a BROMO a m TOLYL-ETHYLENE 

CBr CHj Formed by boiling m tolyl di- 
bromo ethane 0,H, CHBr CHBr with alcoholic 
KOH Very unstable body begins to blacken 
even at 100° (Muller, B 20, 1216) 

ta Bromo o m tolyl ethylene C,H, CH CHBr 
m Methyl bromo styrene (242°) Oil Formed 
by adding bromine to a waim solution of sodium 


m tolyl acrylate (methyl clnnamate) (MUller, B 
20, 1216) 

BROMO TOLYL MERCAPTAN C,H,MeBr SH 

[c 7°] (c 245°) From p bromo toluene sulpho- 
chloride, tin, and HCl (Hubner a Wallach, Z 
[2] 6, 500) 

Bromo tolyl mercaptan CaHjMeBr SH (246°) 
From o bromo toluene m sulphochloride [53°] 
by Zn and H^SO, (Hubner, A 169, 41) Oil 
DI-BROMO-DI TOLYL-METHANE C„H„Br^ 
[115°] From the hydrocarbon and Br (Weiler, 
B 7, 1181) 

BROMO p TOLYL p METHYL IMESATIN t?. 

p Methyl isatin bbomo p toluidb 

TETRA - BROMO-p. TOLYL-(i8) - NAPHTHYL. 
AMINE C,,H,,Br,N [169°] Formed by bromina- 
tion of p tqlyl (3) naphthyl amine (Friedlander, 
B 16, 2080) White silky needles Sol alcohol 
and ether 

BROMO -DI- a TOLYL - PROPIONIC ACID 

C«H,MeBr C(C,H,Me)Me CO H [144°] Colour 
less crystals Sol alcohol, ether, &c Formed 
by bromination of di a tolyl propionic acid 
(Haiss, B 15, 1478) 

a3 DI BROMO w-TOLYL PROPIONIC ACID 

C,„H,«Br O, ^ e [3 1] C«H,Me CHBr CHBr CO,H 
[167°] From w methyl cinnamic acid and Br 
(Muller, B 20, 1215) 

DI - BROMO - DI - TOLYL - DI - SULPHIDE 

(CrtH,MeBr) 3 S 2 [78°] From o bromo tolyl 
mercaptan and dilute HNOg (Hubner a Post, A 
109, 42) 

BROMO-UMBELLIFERON 


CH CBr 


Methyl ether |^4 2 ] C^H 3 (OMe)<^ ^ 


[154°] Formed by the action of bromine upon 
a solution of umbelhferon methyl ether in CS 
Long white needles, m sol hot alcohol and 
ether, si sol cold alcohol and ether, insol watei , 
its dilute alcoholic solution has a green fluor- 
escence By alcoholic KOH it is converted into 
methoxy coumarilic acid 
/CH C CO^H 
C,H3(OMe)<; // 

No 0 

/CH CBr 

Ethyl ether C,H,(OEt)<f | [116°] 

\o CO 


silvery tables , sol boiling alcohol and ether, si 
sol cold alcohol , its dilute alcoholic solution 
has a violet fluorescence Analogous to tlie 
methyl ether in its formation and properties 
(Will a Beck, B 19, 1782) 

Di bromo umbelliferon 
/CH CBr 

CeH^riOH)/ | (?) 

\0— CO 


JKJO. 

Methyl ether CuH2Br(0Me)<^ 


CH CBr 

I • 

CO 


[251°] , formed by bromination of umbelhferon 
methyl ether dissolved in acetic acid , white 
glistening needles , si sol alcohol 

/CH CBr 

Ethyl ether C8H,Br(OEt)<; I ; 

NO-CO 

[216°] , formed by bromination of umbelliferon- 
cthyl ether in acetic acid (Will a. Beck, B, 
19, 1780) 
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Trl-bromo umbelllferon CgHjBrjO, [194°] 
From umbelllferon and bromine water (Posen, 
J? 14, 2746, Mossmer, A 119, 261) The 
alcoholic solution shows greenish yellow fluor- 
escence 

BKOMO-UVITIC ACID CeH.,Br(CH 3 )(CO,H )2 
[a; 1 3 5] Prepared by oxidising bromo di 
oxy mesitylene with KMn04 (Colson, A Ch [6] 
C, 102) White crystals, carbonises at 285° 
without melting Sol alcohol — Na A" tables 
a BROMO n VALERIC ACID C^HJlrO^ te 
C3H7 CHBr CO^ Foimed by brommation of 
valeric acid (propyl acetic acid) (Juslin, ^ 17, 
2504) 

Ethyl ether A'Et (191°), SG = 

1 226 , colourless fluid 
y Bromo n valeric acid 

CH, CHBr CH, CH CO H From allyl acetic 
acid and cone HBrAq at 0° (Messerschrmdt, A 
208, 94) Boiling water or cold Na CO,Aq con 
vert it into the lactone of 7 oxy valeric acid 

a-Bromo isovaleric acid 

(CH,),CH CHBr CO H (chiefly) [40°] (230°) 

1 rom ordinary valeric acid and Br (Cahours, A 
Suppl 2, 74, Borodine, A 119, 121, Fittig a 
Clark, A 139, 199 , Ley a Popoff, A 174, 63 , 
Schmidt, A 193, 104) Formed also by the I 
action of water on its bromide which is formed 
by treating isovaleric acid with Br and P (Vol 
hard, A 242,163) Oil 

Ethyl ether EtA' (186°) Is best pun 
fled by distillation with steam, the liquid is 
collected as soon as the oily drops sink under 
water (Lov6n, J pr [2] 33, 112) 

Bromo valeric acid CMeEtBr CO H or, possi 
bly, CHj CHBr CHMe CO^H Bumio methyl - 
ethyl acetic acid Bromo hydro tiglic acid [66°] 
From tiglic and angelic acids with cone HBrAq 
at 0° (Fittig a Pagenstechcr, A 195 108 128 , 
cf p 267) Monoclinic tables (from CSJ , in&ol 
cold water Boiling water forms tiglic acid and 
some pseudo butylene (& di methyl ethylene) 
Na CO,Aq produces chiefly pseudo butylene 
Sodium amalgam forms methyl ethyl acetic 
acid 

Bromo - valeno acid C H„BrOj t e 
CMeEtBr CO H ? From methyl ethyl acetic 
acid and Br at 160° (Booking, A 204, 23) 
Liquid Should be identical with the preceding 
Ethyl ether mk.' (185°) SG 1/ 1 2275 
Decomposed by boiling Na2CO,,Aq into a methyl 
a oxy butyric ether CMeEt(OH) CO,IL 
78 Di bromo n valeric acid 
CH^Br CHBr CH^ CH^ CO^H [58°] From 
allyl acetic acid and Br m CSj (Messerschmidt, 
A 208, 100) Thin lamime Converted by 
sodium amalgam into allyl acetic acid Boiling 
water forms the lactone of bromo oxy valeric 
acid, and finally C^HyO, 

Di bromo- valeric acid CMe^Br CHBr CO^H 
[106°] Solidifies at 70° From CMe^ CH COjH 
and bromine (Ustinoff, J pr [ 2 ] 34, 483) 
Di-bromo-valenc acid 

CH, CHBr OBrMe CO 2 H [ 86 °] From tiglic 
aoid and Br (Schmidt a Berendes, A 191, 119), 
also from angelic acid and Br (Jaff 6 , A 135, 
293, Pagenstecher, A 195, 123) Triolmio 
crystals (from CSj) , insol cold water Con 
verted bj distillation or by sodium amalgam 


into tiglio acid (DGmar<?ay, B 8, 830) Boiling 
water decomposes its salts forming bromo-buti- 
nene (87°) — KA' insol cone KOHAq 
Ethyl ether 'EiM (185°) (J ) 

DI BROMO VALERIC ALDEHYDE 0,H,Br O 
1 e CH, CHBr CBrMe CHO From tiglio aide 
hyde and Bi (Lieben a Zeisel, M 7, 66) 

BROMO VALERO LACTONE v Bromo oxt- 

VALKRIO ACID 

BROMO VALERYLENE C^H.^r (125°- 
130°) From valerylene dibromide and alco 
holic KOH (Reboul, A 136, 372) Foims a yel- 
low pp of CgHjCu with ammoniacal cuprous 
chloride 

BROMO-VANILLIC ACID v Methyl denva 
live of Bromo di oxy bfnzoic acid 

BROMO VERATRIC ACID v Methyl denva- 
tive of Bromo di oxy benzoic acid 

BROMO -VINYL ACETATE O.H^BrO, le 
CHBr CH OAc From acetylene di bromide and 
KOAc at 160° for 2 days (Sabanejeff, A 216, 
272) Crystals Explode when quickly heattd 
Forms with bromine a compound C4H4Br O^, 
which solidifies at 0° 

to BROMO p VINYL -PHENOL Methyl 
ef/tcr C„H4(OMe) CHCHBr [55°J From the 
di methyl ether of ad di bromo p oxv phenyl 
piopionic acid C,H4(OMe) CHBr CHBr CC Mo 
bv boiling with aqueous KOH (30 p c ) Plates, 
of pleasant smell and taste (Eigel, B 20, 
2537) 

eso Bromo 0 vinyl phenol 

C„H4(OH)Br CH CH^ Bromo oxif styrene (265°) 
Formed by distilling di bromo ethyl phenol, 
CaH,(OH)Br C^H.Br obtained by brorainating 

0 ethyl phenol (Suida a Piohn, M 1, 180) 
Liquid, si sol water Gives a reddish brown 
pp with Fe^Clg 

Di bromo 0 vinyl phenol Methyl ether 
C„H„Br O le C3Hj(OMe)Br C^H^Br From the 
methyl derivative of tri bromo o^y phenyl pro- 
pionic acid C„H,(OMe)Br CHBr CHBr CO^H and 
Na CO^Aq (Perkin, C J 39, 418) Oil, slightly 
volatile with steam 

BROMO-VINYL-PIPERIDINE 
CjH,„N(C2H2Br) Piper ethyl alkine bromide 
Formed by heating the hydrobromide of piper 
ethyl alkine (oxethyl pipeiidme) with 1 mol of 
bromine at 100° -120° On reduction with 
sodium amalgam it yields ethyl - piperidine — 
B'HBr thin colourless prisms, sol water, v, 
si sol cold alcohol —B'HCl — B 2H2Cl,PtCl4 — 
B'HCl,AuCl, (Ladenburg, B 17, 164) 

BROMO- o- XYLENE C^H^Br le 
C,H,(CH,)2Br [1 2 4] [0°] (214° 1 V ) Mol 

w 185° S G 1 37 Formed by the action 
of bromine in presence of iodine upon 0 xylene 
in the cold and in the dark (Jacobsen, B 17, 
2372 , Schramm, B 18, 1278) 

CO Bromo o xylene CyHj(CHa) CH^Br o- 
xylyl bromide [21°J (217°) at 742 mm S G ^ 

1 381 Colourless liquid Prepared by the action 
of bromine vapour upon boiling 0 xylene , or in 
the cold upon 0 xylene exposed to direct sun 
shine (Radziszewski a Wispek, B 15, 1747, 18, 
1281 , Schramm, B 18 1278 , Colson, A Ch 
[6] 6, 115) 

Bromo m xylene C„H^(CH,)2Br[l 8 4] (206°) 
Formed by the action of bromine upon cold m 
xylene m the dark (Fittig, A 147, 31 , Schramm, 
B 18, 1277) Mel and Na give rp cumene. 
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($) Bromo m xylene C H3Me2Br [1 8 2] 
(o 20G°) Liquid at — 10° Obtained by adding 
a HOI solution of bromine to a solution of 
sodium m xylene {$) sulphonate, which is 
prepared by debrominating di bromo m xylene 
sulphonio acid C„HMe Br2(S03H) [1 3 4 6 2] 
with zinc dust and aqueous ammonia By 
methyl iodide and sodium it gives hemimelli- 
tliene C^HgMe, [1 2 3] (Jacobsen a Deike, B 
20, 903) * 

Bromo-xylene C,HgMe Br [1 3 5] (204°) 

SG 1362 Oil From C H,Me (NH ) 

[1 3 4] vid C«H,Mo HHAc, CeH.BrMe NHAc and 
C,,H2BrMe2(NH2) (Wroblewsky, A 192, 215 , B 
9, 495) 

a>-Bromo m xylene CoH^(CH3) CH Br m Xylyl 
bromide (215°) at 735 mm (R a W ) , (c 218°) 
(C ) ^ G “1 371 Colouiless liquid, with 

pungent vapour Piepared by the action of the 
\apour of bromine on boiling m xylene, or from 
Br (1 mol ) and cold rf xylene exposed to direct 
sunlight (Radziszewsksa Wibpek, B 15, 1745 , 
18, 1282 , Schramm, B 18, 1277 , Colson, A Ch 
[0] 6, 117) 

Bromo p xylene C3HHBr(CH^)2 [2 1 4] [10°] 

(206° 1 V ) Formed by the action of bromine 
upon cold p xylene m the dark (Fittig a 
Jannasch, A 151, 283, 171, 82, B 17, 2709, 
lacobsen, B 18, 356, Schramm, JB 18, 1270) 
Large plates 

u*Bromo p xylene C„H^(CH^) CH Br p Xylyl 
bromide [36°j (219°) at 740 mm Long 
colourless needles Sol ether and chloro 
form Pungent smell Prepared by the action 
of bromine vapour on boiling p xylene, or of Br 
(1 mol ) upon cold p xylene exposed to direct 
sunshine (Radziszewski a Wispek, B 15, 1743, 
B 18, 1279 , Schramm, B 18, 1277) 

Di bromo-o xylene C^H (CH()2Br2 [1 2 3 4?] 
[7°] (277°) SG 1^ 1 7842 Liquid at ordinary 
temperaturest hormed togethci with the iso 
meride [8b°] by the action of bromine (2 mols ) 
in presence of iodine upon o xylene (1 mol ) in 
the cold (Jacobsen, JB 17, 237()) 

Di bromo o xylene C«H (CH,)2Br2 [1 2 4 5] 
[88°] (278°) Lgrigc triraetiic plates, or long 

needles V sol hot alcohol , v si sol alcohol 
at 0° Formed as above (Jacobsen, B 17, 
2376) 

0 Di 0) bromo xylene C„H,(CH Br)2 [1 2] 
o Xylylene bromide [95°] b G ^1 934 
S (ether) 20 SH (15°-40°) 183 Splendid large 
tnmetric crystals Prepared by heating o xylene 
with bromine (2 mols ) at 130°-155° Also by 
the action of Br (2 mols ) in the cold upon o 
xylene (1 mol ) exposed to direct sunshine Tri- 
metric crystals , a b c= 8581 1 5014, v sol 

ether and chloroform By boiling with a solu 
tion of Na CO, for 3 hours it yields phthalyl 
alcohol (Baeyer a Perkin, B 17, 123 , lladzis 
zewski a Wispek, B 18, 1281, Schramm, B 
18, 1278 , Colson, A Ch [6] 6, 105, C 11 104, 
428, Perkin, jun , C J 53, 5) 

Di-bromo m-xylene C^H (CH,)2Br2 [72°] 

(256°) From m xylene and Br (Fittig, A 147, 
25 , 166, 286) 

Di bromo T^^-xyleno CgH (CE[8)^r, (252°) 

Liquid From brominated m xylidme by the 
diazo reaction (Wroblewsky, A 192, 216) 

J>i bromo m xylene C#H^(CH Jlr)^ [1 3] 
Xj/lyleM dibromide [77°J SG »‘'l734. Sit 


(liquid) 1 615 S (ligrom) 38 S H (16®-40°) 
184 Formed by the action of bromine (2 mols ) 
in the cold upon m xylene exposed to direct sun 
shine , also by adding Br (2 mols ) to m xylene at 
130°-180 (Schramm, B 18, 1277 , Badziszewskj 
a Wispek, B 18, 1282 , Colson, A Ch [C] 6, 
109, C B 101, 428, Kipping, C J 63, 26) 
Prismatic needles (from CHCI3) Attacks the 
eyes Con vet ted by alcohol or boiling water 
into C,H,(CH OH)^ Alkaline permanganate 
forms isophthalic acid 

Di bromo p xylene CeH,(CH3)2Br2 [1 4 2 5] 
[76°] (261°) From p xylene, Br, and L 

A small quantity of a liquid isomende, 
CflH^(CH3)^Br^ [1 4 2 6] (*?) is formed at the same 
time Large triclmic cr}<stals, plates, or flat 
needles (Jacobsen, B 18, 358 , Fittig, AJhrens a 
Mattheides, A 147, 26 , Jannasch, B 10, 
1357) 

a>,a> Di bromo p xylene CrtH^(CH^Br)2 [1 4] 
p Xylylene bromide [144°] (c 245°) S 

(ether) 2 65 at 20° SH (15°-40°) 180 

Formed by the action of bromine (2 mols ) in 
the cold upon p xylene exposed to direct sun 
shine , or by the action of bromine vapour on 
boiling p xylene (Gnmaux, Z 1870, 304 , 

bchranim, B 18, 1277, Radziszewski a Wis 
pek, B 15, 1744 , 18, 1279 , Low, A 231, 362, 
B 18, 2072 , Colson, C R 104, 428 , A Ch 
[6] 6 119 , Kipping, C J 53, 34) Plates , sol 
j CHCI3 Boiled with water (20 pts ) and lead 
nitrate (1 pt ) it forms terephthalic aldehyde and 
some terephthalic acid and p aldehyde benzoio 
acid Fuming HNO, acts similarly Alcohol 
converts it into CyH^(CH OH)_, , the rate of this 
saponification is less than with the 0 , and still 
less than with the m isomende 

exo Tri bromo p xylene 

C,H,(CHBr,)(CH Br) [106°] Formed from 
p xylene and impure bromine vapour (Low, A 
231, 363) Boiling water gnes w oxy toluio 
alddhyde 

Tetra bromo 0 xylene Cb(CH3)2Br^ [262°] 
(J ) , [255°] (B ) (o75'^) bromo xjlene and 

Br (Jacobsen, B 17, 217b) in piesence of A1 Br, 
(Blumlem, B 17, 2192) Long glistening 
needles V si *80! hot alcohol , v sol hot 
1 benzene 

Tetra bromo J) xylene C^(CH3)2Br4 [253°] 

(355°) Fromp xylene andBr (Jacobsen, B 18, 
359) 

BEOMO 0 XYLENE-SULPHONIC ACID 

1 C„H (CH3) (Br)(S03H) [1 2 4 5] Foimed by 
Buiphonation of bromo 0 xylene Crystals fcon 
taming aq) Very soluble m water, sparingly in 
cold dilute H SO^ 

Salts — NaA'l^aq long fine needles, v 
sol hot water — KA' aq - BaA'^ 3aq long thick 
prisms, sol hot water 

Amide C«H.(CH3)2(Br)(SO NH^) [213°] , 
long fine needles, v si sol water, si sol cold 
alcohol (Jacobsen, jB 17,2373) 

Bromo o xylene sulphonio acid 
CaH2(CH3)2Br(SO,H) Formed by the action of 
bromine upon an aqueous solution of o xylene 
sulphonio acid — BaA'^ 4aq sparingly soluble 
needles 

C^H^Me^Br SONH2 [187°], thick 
needles , t sol hot alcohol (Kelbe a. Stem, B 
19, 2137), 
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BrQmo m xylene snlplionio aoid 
C,H2(CH,)2Br(S03H) [1 3 2 4] From di bromo- 
m xviene sulphamide by sodium amalgam 
(Jaoobspn a Weinberg, B 11, 1635) 

C^H^Me^rSO^NH^ [161° cor] 
Bromo m xylene Bulpbonio acid 
C«H Me2Br(S03H) [1 3 6 4] From 
C^H^Me (SO3H) [1 3 4] bv Br or from CaHjMeaBr 
[1 3 6] by fuming HjSO^ (Weinberg, B 11, 1062) 
From CaH^Me^(NEL,)(SO,H) by diazo reaction 
(Sartig, A 230, 335 , Nolting a Kohn, B 19, 
139, Limpncht,^ 18,2188) Slender needles, 
V e sol water 

Salts — BaA'jjaq — NaA'aq — ZnA'jOaq — 
CuA'j. 7aq 

Chloride [61°] large prisms 
Amide [194°] small trimetric prisms 
Bromo p xylene sulphonic acid 
CaHjjMe^Br SO3H [1 4 2 5] Foimed by heating 

diazo p xylene sulphonic acid C H Me^<^^ ^ 

[1 4 2 6] with strong HBr — Ba 2aq small 
white plates 

Chloride [78°] , small white prisms 
Amide [201°], small white plates, v sol 
alcohol and ether, si sol water, benzene, and 
chloroform (Nolting a Kohn, B 19, 141) 

Bromo p xylene sulphonic acid 
CgH (CH3),(Br)(S03H) [1 4 2 x] Pearly plates 
or flat needles Formed by sulphonation of 
bromo p xylene 

Salts- NaA' aq long thin prisms, trimetno 
plates, or six sided plates — BaA'g small prisms 
or thin six sided plates 

Amide CeH,(CH3)2(Br)(SO NH,) [206°], 
flat prisms, v sol hot alcohol (Jacobsen, B 17, 
2378) This acid is perhaps identical with the 
preceding 

Bi bromo m xylene snlphonio aoid 

0«H(CH3),Br,(S0,H) [1 3 4 6 2] From di bromo 
m xylene [72°] and ifuming H SO^ (Jacobsen a 
Wemberg, B 11, 1534) Leaflets, si sol cold 
water lieduced by sodium amalgam to (1,3,2)- 
m xylene sulphonic acid 

Salts — BaA'j.— NaA'2aq leaflets 
Chloride [107°] rhombic leaflets 
Amide [220°] slender n edles 
BEOMO m XYLENOL C,H (CH3),Br(OH) 
[1 3 a; 4] From Br and m-xylenol in HOAc 
Liquid (Jacobsen, B 11, 24) 

Bromo p lylenol C«H,(CH3)3Br(OH) [14x2] 
[«70] From ^ xylenol and Br (Jacobsen, J5 11, 
27) 

Di bromo w-xylenol C»H(CHj)2Br2(OH) 
[1 3 ? ? 4] [73°] (J ) 

Di bromo p xylenol CBH,(CH^r)2(OH) 
[14 2] [74°] S (alcohol) 200 From p 

xylenol and Br at 160° (Adam, Bl [2] 41, 288) 
Needles, msol water, but decomposed on boiling 
with it, HBr coming off 

Tri - bromo - o - xylenol C,(CH3)2Br, OH 

[1 2 4 5 6 3] [184°] Fine needles Formed 

by bromination of 0 xylenol C«H3(CH,)2.0H 

[1 2 8] (Thai, B 18, 2662) 

Tri - bromo - 0 xylenol C3(CH,)2Br3(OH) 
[1^ 8 5 6 4] [169°] From fl, 2, 4) o xylenol 

Felted needles (Jacobsen, B 11, 28) 

Tri - bromo - m - xylenol C,(CH,)2Br, (OH) 
[1 3 2 6 6 4] [179°] From (1, 8, 4) m xylenol 

(J ) Long ne^es. 


Tri - bromo - m xylenol OH 

[1 3 2 4 6 6] [166°1 Fine white needles From 
w xylenol 0,H,(CH,)2 OH [18 6] (Naitmg a. 
Forel, B 18, 2679 , cf Thdl, B 18, 862) 

Tri bromo p xylenol Oa(CH,),Br3(OH) [175°]. 
Golden yellow needles (Jacobsen, B 11, 2b) 
BEOMO m XYLIDINE C^H^oBrN te 
C,B (CH3)2Br(NH) [1 3 6 4] [97°] From 

acetyl m xylidme by bromination and saponih 
cation Minute needles (from diKte alcohol) 
Converted by the diazo reaction into s bromo 
xylene (Genz, B 3, 225, Wroblewsky, A 192, 
215) 

Di bromo o xylidine CaH(CH,)Br2 NH, 
[1 2 4 6 3] [103°] Obtained by reduction of 

the corresponding nitro compound with iron and 
acetic acid Colourless needles V sol alcohol 
ether, and acetic acid Does not form sa’ts By 
sodium amalgam it is debrominated (Thai, B 
18, 2662) 

Di bromo m xylidine C«H(CH3)<jBr2(NH^) 
From acetyl m xylidin by brommating and 
saponifying (Genz, B 3, 225) Needles (from 
alcohol) 

Di bromo p xylidme CaHMe2Br^(NH ) 

[14 5x2] [6o°] Formed by acidifying an alka 
line solution of (1 mol of) p xyhdine sulphonic 
acidC«H,Me,(NK,)(S03H) [1 4 2 6] and (2 mols 
of) bromine Also formed by bromination of p 
xylidme (Nolting a Kohn, B 19, 142) 

BEOMO-w-XYLIDlNE SULPHONIC KCIJ) 
C,HMe2(Br)(NH )(S03H) [1 3 5? 4 6] Small 
white needles Sol hot, v si sol cold water, 
msol alcohol Formed by bromination of m 
xylidme sulphonic acid CrtK2Me2(NH2)(SOgH) 
[1 3 4 6] (Naitmg a Kohn, B 19, 140) 

Bromo p xyhdine sulphonic acid 
C«HMe2Br(NH)(S03H) [14x62] Small white 
plates Nearly insoluble m cold water Formed 
bv bromination of p xvhdine sulphonic acid 
C„H2Me2(NH2)(SO,H) [1 4 6 2] —A K (Noltmg a 
Kohn, B 19, 143) 

DI BEOMO m XYLOQUINONE C«Br2Me O, 
[1 3 4 6 2 5] [174°] From mesitol,C„H2Me,(OH) 
and Br m water (Jacobsen, A 195, 271) Golden 
lammas (from alcohol), msol water and 
Na^COjAq, decomposed by KOHAq 

Di- bromo p xyloqumone OgBrjMe^O, 
[14 5 2 3 6] [184°] Formed by the action of 
bromine upon p xyloqumone under water Thin 
golden plates In sol water and cold alcohol , 
sol ether and benzene (Carstanjen, J pr [2] 23, 
434) 

BEONZE V COPPEB, ALLOYS OP 
BETTCINE C23H28N 0, 4aq [106°, hydrated] , 
[178°, anhydrous] (Claus, B 14, 773) , [161°j 
(Blyth) B 12 at 16°, 2 at 100° [a]D=-85°(in 
alcohol), -110° to -127° (in CHCl,) (Oude- 
mans, A 166, 69) 

Occurrence — Together with strychnine in 
nux vomica (the seeds of Strychnos nux vomiai)^ 
in the bean of St Ignatius (the seed of Sirychn?s 
Ignatii)y in the wood of Strychnos coluhrina^ m 
upas tienic, extracted from the bark of S tient&f 
and in the bark of Strychnos nux vomica {False 
Angustura hark) (Pelletier a Caventou, A Ch 
[2] 12, 118, 26, 53, Pelletier a Dumas, 4 CK 
[2] 24, 176 , Corriol, J Ph 11, 496 , Liebig, A 
Ch [2] 47, 172 , A 26, 60 , Regnaolt A CK 
[2J 68, 113) Brucine, free from gtryohnineg 
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occurs in the barK oi iycrychnos Ligustnna 
{Didara Laut) (Greenish, Ph [3] 9, 1013) 
Preparation — Nux vomica seeds (56 lbs ) are 
powdered and exhausted with alcohol, to which 
one sixth part of water has been added The 
alcohol 18 boiled off and the residue treated with 
water (40 lbs ) containing H SO^ ( 12 lbs ) The 
filtiate 18 neutralised with Na CO 3 The pp is 
collected afty a few hours, dissolved in chloro 
form, and the solution shaken with very dilute 
H_,SO* which dissolves brucine The solution is 
placed under a bell jar together with a beaker 
containing ammonia so that neutralisation 
proceeds very slowly The crystalline pp is 
extracted with dilute alcohol, which dissolves 
brucine, and the solution allowed to evaporate 
The bn:y 3 ine, containing strychnine, is dissolved 
in dilute HjSO^, and the faintlv alkaline solution 
mixed with KI The brucine hydriodide that is 
ppd 13 crystallised several times from alcohol It 
18 then shaken with aqueous Na CO, and chloro 
form, the chloroform is \hen shaken with dilute 
acid and the base pp with ammonia (W A 
Shenstone, C J 39, 453) 

Properties — Monochnic efflorescent prisms 
(from dilute alcohol) , v sol alcohol, chloroform, 
and essential oils, insol ether and fatty oils 
Feebly alkaline to litmus or phenol phthalein 
(Plugge, Ar Ph [3] 25, 45) It is Ifevorotatory, 
the extent of rotation depending upon the 
nature of the solvents and the concentration of 
the solution In presence of free acids [a]„ vanes 
from — 29° to — 30 5° (Tykocmer, B T C 
144) Commeicial brucine usually contains 
strychnine, but the colour which strychnine 
gives with oxidising agents is masked by the 
presence of brucine The strychnine may, how 
ever, be detected by adding dilute HNO, and then 
extracting the strychnine with chloroform in 
presence of ^xcess of KOH (Shenstone, Ph [3] 
8 445 , Hanriot, C R 97, 267) Brucine is 
affected by heating with acids alkalis, or even 
water, and hence much is lost by the usual 
method of preparation, but the products being 
usually amorphous, the unalteied brucine is 
easily sepai ated 11 a pure state 

Colour tests — V p 124 The most charac 
teristic IS the red colour with nitric acid, which, 
after warmmg, is turned violet by excess of 
ammonium sulphide {v also Cotton, Z [2] 5, 
728, J Ph [4] 10, 18, Luck, Z [2] 6, 275, 
liO Linde, C N 87, 98 , Fluckiger, Fr 15, 342 , 
Hager, Fr 11, 201, Dragendorff, Fr 18, 108, 
Pandis, G G 1872, 440 , Struve, Fr 12, 164 . 
Buckingham, Ph [3] 3, 884) 

Reactions — 1 Brucine (60 g ) heated with 
alcohol (600 c 0 ) and NaOH (30 g ) at 100° for 
12 hours forms a solution which, after neutrali 
sation with CO,, filtration and evaporation, 
leaves a varnish containing some crystals The 
ciystals (7 g ) separated from the varnish by 
washing with water and purified by solution in 
very little dilute HCl and ppn by NH, are 
thrown down as miorosoopio crystals of 
C mNPj (2^g) This gives a yellow colour 
with HNO, , a pp with bromine, and on boiling 
a magenta colour An ammoniacal solution 
turns purple in air and finally green (Shen- 
stone) — 2 HNO, (S G 1 2 to 1 4) forms a red 
solution, producing *oaootheUne 
oxalic aoxd, and methyl mtrite (Strecker, A 91, 


76, Hanssen, B 20, 451) K^CrjO^ and H«SO, 
oxidise cacotheline to C, 6 H, 8 N 204 , which is alsc 
formed by the oxidation of brucine — 8 Brucine 
(1 mol ) heated with HCl at 140° gives off MeCl 
(between 1 and 2 mols ) Brucine is therefore 
possibly C 2 ,H,o(OM®) 2 ^ 2 ^ » strychnine being 
C ,H ,(OH) N 2 O (Shenstone, C J 43, 101 , cf 
Hanssen, B 17, 2266) — 4 Yields on distillation 
with potash several pyridine bases Amongst 
otheis (j8) di methyl pyn dine and (i8) tn methyl 
pyridine, quinoline tetrahydride, together with 
probably a di methyl pyridine (Oechsner de 
Coninck, A Ch [6] 27, 507 , C R 99, 1077 , Bl 

[2] 42, 100) —5 Distilled 111 vacuo with zinc 
dust it yields carbazol (Lcebisch a Schoop, M 
7, 613) — 6 Alkaline KMnO^ gives off about 
half the mtiogen m the free state (Wanklyn a 
Chapman, G J 21, 161) — 7 ICl forms a light 
flocculent pp in solutions of salts of brucine 
(Dittmar) 

Salts — B'HCl crystalline tufts, m sol 
water — B'HClHgCl, long needles (from alco 
1 hoi) — B'^ PtCl^ yellow pp — B'HI aq rect 
angular lamina or very short prisms , m sol 
hot water — B'HIj brown violet needles (Jor 
gensen, A Ch [4] 11, 114 , J pr [2] 3, 160) — 
B' HJ 4 unstable orange needles — B'HNOj 2 aq 
four sided prisms , less soluble in water than 
strychnine nitrate — B ^H b 04 7aq long needles, 
V sol water, si sol alcohol — 6 aq , 

8 1 at 15° (How, N Fd P J [new] 98) ~ 
B'jH Sg 6 aq [125°], insoluble yellow needles, 
formed by atmospheric oxidation of an alcoholic 
solution containing H S (Schmidt, A 180, 296 , 
B 8 , 1267 , 10 838, 1288) — B' 3 H 4 S ,2 — 

B'JI,P 04 xaq (Anderson, P M [3] 33, 163) — 
B^HiFeCyg 2 aq hygroscopic needles, m sol 
hot water (Brandis, A 66 266) — B'4H4FeCyg4aq 
— B'HjFeCyg white powder (Holst a Beokurts, 
Ar Ph [3] 25, 313) — B'aHgFeCy, 6 aq — 
B',H,CoCy„10aq (Lee, Am S [2] 2, 44) — 
B' H NiCy 4 (L ) — B'HCyS scales, sol water — 
Periodate needles (BSdeker, A 71, 64, 
Langloi 8 ,A Ch [3] 34, 278) — N itroprusside 
S 15 at 15° (Davy, [3] 11, 756) —Acetate 
crystalline, but gummy if impure (Shenstone) — 
Dextro tartr#tes B' C 4 HgOg 5^aq, — 
B' 2 C 4 HgOg 8 aq,— B'C H Og — Laivo tartrates 
B' C,H,jO 14aq, — B'C4H,0(,5aq (Pasteur, A Ch 

[3] 38, 472),— B'C 4 H,(SbO)Oa (Stenhouse, A 
129, 26) 

Methylo iodide B'Mel 8 aq lamime 
(from vvater) , resinified by boiling KOH (Stahl 
schmidt, P 108, 513) — B'Mel, — B'Mel^ — 
Methylo bromide B'MeBr 2^aq — Methylo- 
chloride B'MeClSaq v sol water and alco- 
hol — B'jMePtCle — B'HAuCl 4 - Methylo- 
sulphate B' 2 Me 2 S 04 8 aq radiate orystallm® 
mass, V sol water — B'Me SO 4 2aq — Methylo- 
mtrate B'MeN 03 2aq The physiological ac- 
tion of these salts has been studied by Crum 
Brown {T E 25) 

Ethylo iodide B'Etl^aq not decom 
posed by KOH but converted by moist Ag O into 
a very soluble alkahne hydroxide — B'Etl, — 
B'Etl^aq — Ethylo - platino chloride 
BjEtnPtCl, Silky needles (Gunnmg,!! jw 67,46) 

Bromo-ethylo bromide B'C 2 H 4 Br 2 3aq 
from brucine and ethylene bromide at 100° » 
forms furcate groups of nacreous laminae (from 
water) AgNO, pps half the Br Moist Ag^O 
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forms the vtnylo Ti^jdroxide B'C^HgOH 
which 18 stionglj alkaline , two of its salts 
are B' 2 (C,H 3 Cl) 2 PtCI^ and B'C H^SO.H 3aq — 
Bromo ethylo plattnochloride 
B',(aH,Br),PtCl 8 (Schad, A 118, 207) 

Allylo-iodide B'CjHJaq — B'C^HjIa — 
B'C,Hsl 4 aq — Allylo platino - chloride 
ByCaHjClJaPtCl^ — Isoamylo - chloride 
B'C,H„Claq — — Isoamylo 

xodides B'CjHiiIj — B'C^HjjIj. 

Bromo bmcine BrN Formed by 

adding an alcoholic solution of Br to an aqueous 
solution of brucine sulphate Small needles 
(Laurent, A Ch [3] 24, 314 , cf Beckurts, B 

18, 1238) 

Nitro bmcine C^aH 5 (NO Formed by 

nitration of brucine methjlo iodide suspended 
m absolute alcohol Large red tnmctiic crys 
tals Carbonises at about 240° without melting, 
sol water Salts— B'HNOg glistening \ellow 
needles, v sol v\ ater, si sol alcohol and ether — 
B' RjClaPtCl^ hne } ellow needles (Hanssen, B 

19, 520) 

Amido - bmcine C ^(NH )O^N 2 Formed 
by reduction of nitro brucine with tin and HCl 

V sol water Not isolated le Cl« produces 
a green colouration changing to brown Very 
dilute K Cr 0^ produces a fugitive blue violet 
colour Strong HNO, gives a yellow solution 
which 18 turned red b> SnCl — B"H,Cls 
colourless prisms — B^'MI^ClyPt^Cl, * yellow 
amorphous pp (Hanssen, B 19,523) 

Duutro-bmeme C ,H 24 (NO ) 20 ,N„ Prepared 
by the action of HNO, on an alcoholic solu- 
tion of brucine lied amorphous powder V 
sol water, si sol alcohol, in&ol ether — 
(B'HCl) 2 ptCl 4 yellow pp (Claus a Rohre, B 
14, 765) 

BBTOKIK C^sH^oO.q An amorphous bitter 
substance in the root of the red berried bryony 
{Bryonia dtoita) from which it may be extracted 
by boiling water It appears to be resolved by 
dilute glucose and two amorphous 

bodies, bryoietin sol ether, and 

hydro - bryoretin C ,IL,,08 insol ether i 
(Biandesa Firnhaber, B?a7ides' Ar Ph 3,350, 
Walz, C C 18o9, 5) 

BUCHTT The leaves of several species of 
Barosma growing at the Cape contain a volatile 
oil and a crystalline substance [85°] (Fluckiger, 
Ph [3J 4, 689 , Jones, Ph [3] 9, 673) 

BXJ££TT£ V Analysis, p 248 

BUTALAVINE v Amido butyijic acid 

n-BUTANE C^H,^ i e CH, CH^ CH CH, Di 
ethyl Methyl propyl Butyl hydride Mol w 
58 (1°) (Butlerow, 1807, 303) S G ^ 60 

V D 2 11 (calc 2 01) (Ronalds, C J 18, 54 , 
Pelouze a Cahours A Ch [4] 1, 6) B (gas 
111 alcohol) 18 at 14° Occurs in petroleum 
(R ) Formed by the action of Zn on EtI at 
150° (Frankland, A 77, 221 , Schoyen, A 130, 
233) Also, together with butylene, by beating 
butyl alcohol with ZnClj (Wurtz, A 93, 112) 
Prepared by the action of sodium amalgam on 
EtI (Lowig, J 1860, 397) 

lfO>bntane (CH,),CH Trimethyl methane^ 
Secondary buteme ( — 17°) H.F p 42,450 

HJ* V 40,180 (’Ih) Prepared by slowly pour- 
ing fcrt-butyl iodide into water containing zino, 
the equation being 2(CH,),CI + H^O 
» 2(C14),CH t ZnO + Znly Also from iso 


iodide and Al^Gl, at 120° (KShnlein, B 16, 562) 
Colourless gas Chlorine converts it into 
(CH 3 ) 3 C Cl (Butlerow, A 144, 10) Br at 100° 
forms di bromo butane (Canus, A 126, 195) 
Excess of Brat 300° forms C 2 Br 4 (Merz a Weith, 
B 11, 2244) 

BUTANE CARBOXYLIC ACID v Bdtyeio 

ACID 

Butane di carboxylic acid v Pk^pyl malonio 

ACID, Iso PROPYL MALONIC ACID, MeTHYI ETHYL- 
MALONICACIDjEiIIYL succinic ACID, t wo Di methal 
SUCCINIC ACIDS, Adipic acid, a Methyl gluiario 
ACID, and j8 Methyl oLurAuic acid 

Butane awM tricarboxylic acid C^HioOh le 
MeCH CH(CO H)CH(C0,H)2 Ethyl ethenyl 
tri carboxylic acid [119°] Got by saponifying 
the ether with alcoholic potash (Polko, A 242, 
115) White rhombic crystals V e sol water, 
alcohol, ethei, acetone, v sol chloroform - 
Salts — A"M3a„ insol water and alcohol — 
A'^'Agjl'aq, si sol water- A'" CaH^, msol al 
cohol, v sol watir — A'"CaH24aq - A^Ca,, 
hygroscopic — A'" Zrijbaq, v e sol water, insol 
alcohol — A'" Sr^baq 

Ethyl ether l,loCR CH(CO,Et)CH(COEt)^ 
(276°) (189° at 60 mm ) S G {1 1 065 Formed 
by acting on sodium malonic ether with a bromo 
butyric ether m alcoholic solution (P ) 

Butane aa3 tri carboxylic acid 
CH, CH(CO H) C(C() H) CH, Butcnyl tm 
carboxylic acid [157°] V sol water, alcohol 
and ether On warming it yields 5 di methyl 
succinic anhydride [87°] (Bischoff a Rach, 
A 234,54) Salts — Ba,A"^ 2 — 0Q.^K!”l 

Ethyl eth Cl (c 190°) at 50-60 

mm , (273°-275°) at ordinary pn s^ure liiquid 
Formed by the action of o bromo propionio 
ether upon sodio metlnl malonic ether By 
boiling with HCl it IS conveited into s di methyl- 
succinic acid [189°] (Leuckart, B 18, 2346) 

Iso butane tn-carboxylio acid 
Me C(CO,H)CH(C02H). [120°] Prepared by 
saponifying the ether with alcoholic pota--li 
(Barnstein, A 242, 128) Needle shaped crys 
tals (from water) V e sol water, alcohol, 
ether, acetone, v si sol cl oroform, beu/ene, 
petroleum ether, carbon disulphide Decom 
posed by boiling with watci, giving off CO 
Salts — KgA'^iaq Quadratic prisms v e sol 
water, insol alcohol — Ca,A'"j9aq m sol water 
— CaA'"j2aq v e sol water — Sr 3 A '"2 7aq 

Ethyl ether Et,A'" (181°-185°) at 30-40 
mm , (279°-281°) at ordinary pressure (L), 

(273°) (B) 8G U 1 064 Liquid Foimed 
by the action of a Womo isobutyiic ether upon 
Bodio malonic ether By boiling with HCl it is 
converted into u di methyl succinic acid [139'] 
(Leuckart, B 18, 2350 , Barnstein, A 242, 126) 
Butane wwyy tetra carboxyLc ether C,„H 
t e (CO^H)^ CH CH 2 CH CH(CO H). (275°-280 ') 
at 225 mm Formed, together with tnmethylene 
dicarboxyho acid, by the action of ethylene 
bromide on sodium malonic ether (Perkm, jun , 
C J" 61, 17 , B 19, 2038) The yield is very 
small The corresponding acid splits up when 
heated into COj and adipic acid By treatment 
with sodium ethylate it gives a di sodio deriva- 
tive which by the action of bromine yields tetra- 
CH,C(C02Et)a 

methvlene-tetra carboxylic ether I | , 

CHrC(COJBt), 



BUTENYL-TOLYLENE-DIAMINE. 


639 


lio butane tetra-carboxylic ether 
(CO.Et)aCH CHMe CH(CO,Et), (o 211°) at 
20 mm A by product in the preparation of 
ethylidene malonio ether from aldehyde and 
malonio ether , it is formed by the addition of 
malonio ether to ethylidene malonio ether 
CH, CH C(CO,Et), (Komnenos, A 218, 158, 
Claisen, J ^ [2J 35, 414) The corresponding 
acid 18 split up by distillation into COj and j3 
methyl glutaftcacidCO H CH CHMe CH^ CO,H 
Butane aajSjS tetra carboxylic ether 
(CO Et)^CMe CMe(CO^Et) Di yncihyl acetylene 
tetra carboxylic ether S G p 1 114 From 
Bodio methyl malonic ether by the action of 
iodine or of chloio methyl malonic ether brom 
Bodio ethane tetra carboxylic ether and Mel 
(Bischoff a Each, B 18, 1202 , A 234, 70) 
Butdfne tetra carboxylic ether 
CH(C0,H)2 C(C,H )(C02Et)2 Ethyl acetylene 
tetra carboxylic acid Thick colourless oil , 
formed by the action ofchloro malonic ether on 
Bodio ethyl-malonic ethir (Biacholf a Each, B 
17, 2785) 

Butane hexa carboxylic ether 
CO,Et CH2.C(C0 Et) C(CO Et) CH CO Et 
[57°] Six sided tables From sodium ethane tn 
carboxylic ether (CO Et) CNa CH CO Et by the 
action of iodine or of (CO^Et) CCl CH^ CO^Et 
(Bischoff, B IG, 1046, 17,2786) 

ISO-BUTANE SULPHINIC ACID 
(CHTjIPCH CH^ so JI From iso butane sulpho 
chloride by zinc dust (Pauly, B 10, 942) 
Liquid Eeduced by nascent hydrogen to iso 
butyl mercaptan — ZnA'2 Plates (from alcohol) 
n BUTANE SULPHONIC ACID C,H„SO,H 
Formed by the action of UNO, on n butyl mer 
captan (Grabowsky, A 17o, 344) Thick syrup, 
V sol water and alcohol, m sol ether — AgA 
plates — PbA '2 plates, si sol alcohol — 
l’bA'^,2Pb(OIE^ crystalline powder, si sol 
water — BaA 2 aq plates — CaA 2, 2aq — NaA 

plates 

Iso butane sulphonic acid 
(CHj)^CH CH SOjH From ISO butyl mercaptan 
and HNOg (Mylius, B 5, 978) Syrup Its 
salts are v sol water — AgA' scales — BaA'2 
needles 

Chloride C,H„S02C1 (190") (Paulv, B 10, 
942) 

ISO-BUTENYL ACETATE CH CMe CH^OAc 
(120") (Scheschukoff, J R IG, 502) 

BUTENYL ALCOHOL C,H«0 t c 
CH, CH CH CHPH (117°) A product of the 
action of iron and acetic acid upon crotoiiio 
and tn chloro butyric aldehydes (Lieben a 
Zeisel, M 1, 825) HI gives CH, CHXHI CH, 
Isobutenyl alcohol CH CMe CH OH (113°) 
S G 8695 Formed bv boiling isobutenyl 
chloride with very dilute K^COg (Scheschukoff, 
J R 16, 499) Dilute H^SO, changes it to iso 
butyric aldehyde HI forms tert butyl iodide 
Ethyl ether CHj CMe CH2 OEt (78°-85°). 
From isobutenyl chloride and KOEt 
Sec isobutenyl alcohol CMe CH OH 
Methyl ether OMe^ CH 0 Me Methyl 
isocrotyl oxide (70°-74°) From bromo iso 
butylene and NaOMe at 140° Dilute H^SO, at 
140° gives HOMe and isobutync aldehyde (Elte 
koff, B 10, 705 , J" B 9, 163) 

Ethyl ether Cm^CKOEt (93°) Simi- 
larly prepared (E , S , Butlerow, Z 1870) 624) 


BUTENYL-TRI-AMINE CH(CH NH.), 
(above 150°) From the mtnle of methane tri- 
carboxylic acid CH(CN)8, tin, and HCL — 
B'aSHjPtClg (Fairhe, C J 16, 362) 

BUTENYL BENZENE v Phenyl butylene 
BUTENYL CHLORIDE v Chloro butylene 
(a) BUTENYL-CUMENE CgH^BrC^H, Iso 
propyl hutenyl benzene (243°) S G 6875 
Obtained from bromo - cumyl - valeric acid 
C,H,Pr CH CBiEt CO Hand Na COgAq (Perkin, 
C J 32, 662) Forms a dibromide [77°] 

(/3) Butenyl cumene CgH,Pr C^H, (235°) 

S G 889 Cumimc aldehyde (10 g ), sodio 
isobutyrate (5 g ) and isobutync anhydride 
(15 g ) aie heated together The oily product is 
distilled With water and then over solid KOH 
and Na (Perkin, G J 35, 141) It forms a 
liquid dibromide 

BUTENYL-GLYCERIN v Tri oxy butane 
DI BUTENYL KETONE v Di allyl acetone 
(P 134) 

o BUTENYL PHENOL 

Methyl ether 

[2 1]MeOCH,CHCHCH CH, (233°) SG ^ 
9817, 9740 b rom the methyl derivative of 

oxy phenyl angelic acid bv successive treatment 
with HI and Na CO,Aq (Perkin, C J 33, 213) 
Oil Combines with bromine Forms a red 
solid with H SO, 

p Butenyl phenol Methyl ether 
[4 1] MeOC.H.C.H, [17°] (243°) SG 

973 Prepared like the preceding (Peikin, C J 
32, 671) 

o Iso - butenyl - phenol C,oH, 0 le 
C,H,C„H,OH (223°-225°) SG 1017 
Salicylic aldehyde (30 g ) sodic isobutyrata 
(22 g ) and isobutync anhydride (45 g ) are 
heated together for 4 hours Water is added to 
the product, and the oily butenyl phenyl isobu 
tyrate saponified by alcoholic KOH The alco 
hoi IS boiled off, dilute HCl is added and the oil 
which separates is distilled (Perkin, 0 J 35, 
142) Properties — Oil, with smoky and cedar- 
like odour Sol pota'^h but msol NH, With 
salicylic aldehyde and cone H^SO, it forms a 
purple solution 

p Iso butei:i|^l phenol C,„H,20 %e 
C,H C„Hj OH (230 '-235°) From y? oxy ben- 
zoic aldehyde, sodic isobutyrate and butyric 
anhvdiide Yielil small (Perkin, G J 35, 145) 
An oil which solidifies m a freezing mixture 
Methyl ether C,H C^H, OMe [9°] 
(237°) From anisic aldehyde (20 g ), sodic iso- 
butyrate (15 g ) and isobutync anhydride (30 g ) 
by boiling at 180° The product is distilled 
with steam and the oil dried over K CO, Cooled 
by ice and HCl it sohdihes On oxidation it 
yields anisic and acetic acid 

a. - BUTENYL STYRENE C^H, CH CH CJI, 
(245°-248°) Phenyl hexinene Cinnamic alde- 
hyde (10 g ), sodium isobutjrate (15 g ) and iso- 
butync anhydiide (10 g ) are heated together for 
two hours CO2 comes off, and the residue is 
distilled with steam, washed with NH,, dried 
and rectified over Na (Perkin, C J 35, 141) 
Properties — Lighter than water Bapidly 
oxidises in air, becoming a resin. It oombmes 
with bromine 

Iso BUTENYL TOLYLENE 0 DIAMINE 
0„H„N. [168“]. 
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Fonned, toffether with a small quantity of tolu 
N PH P H 

butyraldehydine qU *^7 shaking 

a cold acetic acid solution of tolylene o- 
diamme (1 mol ) with an aqueous or alcoholic 
solution of butyric aldehyde (2 mols ) Small 
colourless needles V sol alcohol and ether, 
si sol water Very bitter taste (Hiusberg, B 
20, 1689) 

BUTINENE C.H, %e CHaCHCHCH^. 
Erythrene Vinyl ethylene Pyrrolylene 
Occurs m the liquid got by compressing coal gas 
(Caventou, B 6, 70 , Grimaux a Cioez, C B 
104, 118) Formed also (’) by passing fusel oil 
through a red hot tube (Caventou, A 127, 93) 
Obtained by boilmg erythrite with cone formic 
acid (6 pts ) (Hennmger, B b, 70) , and by 
the action of KOH on di methyl pyrrolidine 
raethylo iodide (Ciamician a Magnaghi, B 10, 
569) A gas It forms a tetrabiomide [119^] 
Pyrrolylene and the butinene fiom erythiite 
form also a second tetrabromide [40^^] so that 
they are probably mixtures of two butmenes 
Butinene CH, CHo C CH Eihyl acetylene 
Crotonylene (18°) From methyl ethyl ketone 
by successive treatment with alcoholic KOH and 
PClj (Bruylants, J9 8, 412) Gives a white pp in 
ammoniacal AgNO, and a yellow pp in am 
moniacal cuprous chloride Mercuric chloride 
solution gives a pp of (CjHJ (HgOHgCl ), 
(Kutsoheroff, B 17, 24), whence HCl produces 
methyl ethyl ketone The same butinene 
appears to be formed when a mixture of 
acetylene and ethylene is passed through a 
red hot tube It forms a tetrabromide [113°] 
(Berthelot, A Ch [4] 9, 406, Prunier, Bl 
20,72, A Ch [5] 17 17, C 76, 1410) 
Butinene CHtCCCH,(‘?) Crotonylene 
(18°) From crude butylene bromide and alco 
holic KOH (Cayentou, A 127 347) From a0 
di bromo butane and alcoholic KOH (Almfdin 
gen, J R IS, 392) Also formed by distilling 
banum acetate with S (Pfankuch, J pr [2] 
6, 110) HjSQ< (3 mols ) diluted with water 
(1 mol ) converts it into hexa methjl benzene 
Butinene CiHg Caoutchin [- 10°J (15°) 

B G ri 65 Formed by tlie dry distillation of 
caoutchouc {q v ) (Bouchardat, A 27, 33) 
BUTINENE GLYCOL v Di oxy iiutyifne 
BUTONENE-AMIDO- PHENYL MEECAP- 
TAN t e 

C.H.<;|^CCH,CH.,C<g>C.H, [137°] 

From amido phenyl-o mercaptan and sucoin 
anude (Hofmann, B 13, 1231) Needles (from 
alcohol) — B'HAuCl, ' 

BUTYL DEEIVATlVES of hydroxylic com 
pounds are desenbed under the compounds of 
which they are the ethers 
DI-BUTYL V Octane 

BUTYL ACETATE C^H.A C,H,OAc 
(124 6°) S G 8 9016 C E {0°-.10°) 00113 
S V 160 6 (Gartenmeister, A 233, 259) From 
butyl iodide and AgOAo (Lieben a Rossi, A 
168, 170 , Linnemann, A 161, 193 , Pribram a 
Handl, M 2, 693) 

liobatyl acetate (CH3|)2CH CH^ OAo V D 
4 078 (calc 4 017) (116 3°) (Elsasser, A 

218, 826), (117® cor) (Perkin, C J 46,495, 
(112 8°) (R Sohifl, A 220, 109) 8 G £ 8921 
(E); S 8774, g 8688 (P). OE (0®*10°) 


001137 (E ) M M 6 623 at 10° S V 160 10 
(E ) , 152 6 (S ) Formed from isobutyl iodide 
and AgOAc, or by distilling potassium isobutyl 
sulphate with KOAo (Wurtz, A 90, 121) 

Sec Butyl acetate CH3 CH CH(OAc) CH, 
(112°) S G - 892 From sec butyl iodide and 
AgOAo (De Luynes, J 1864, 601 , Lieben, A 
150, 112) 

Tertiary Butyl acetate (CH3),ClOAc (93°- 
96°) From the iodide and AgOAo Readily 
saponified by baryta water (Butlerow, A 144, 7) 

180-BUTYL-ACETIC ACID v Hexoic acid 
ISOBUTYL-ACETO-ACETIC ETHER t; p 24 
BUTYL ACRIDINE C„H„N i e 
/Q(C,H,.) 

I > From valeric acid (30 g ), di- 

\N 

phenylamine (30 g) and ZnCl (50g)' heated 
gradually for 20 hours up to 220° (Bernthsen a 
J Traube, A 224 41 , B 17, 1508) 

Salts — B'HCl [191°J yellow columns, v 
sol water or alcohol, veiy dilute solutions show 
blue fluorescence Insol ether — B'HNOg[139°] — 
B'H CrO, [c 100°] 

D^/l7/dr^dc C,,H,oN(C,n„) [98°-100°] Got 
by reducing the hydrochloride with zmo dust 
White plates (from alcohol) 

BUTYLACTIC ACID t> Oxy butyric acid 
BUTYLAL V Butyric aldehyde 
BUTYL ALCOHOL C,H„0 Mol w 74 The 
four butyl alcohols indicated by theory are 
known 

n Butyl-alcohol CH, CH, CH. CH,OH (117° 
cor ) S G ° 8233 (Zander, A 224, 79) , 8096 

(Bruhl,A 203, 16) b 83 CL (0°-10°) 00087 
(Z ) 1 4040 8 V 101 6 (Schiff, A 220, 

101) R gc) 35 45 (B ) Critical point 287° 
(Paulewsky, J5 16 2634) 

Occuncnce — In the heavy oils from brandy 
It 18 completely absent from the products of the 
fermentation of sugar with elfipticai yeast 
(Claudon a Morin, C R 104, 1187) 

Formation — 1 From butyryl chloride, butyric 
acid and sodium amalgam (Saytzeff, J pr [2] 
3, 76) — 2 By the fermentation of glyceiin by 
a Schizoinycetes or by certaio Bacteria in pre 
sence of CaCO, and ammonium tartrate , n 
butyric acid and a little alcohol are formed at 
the same time (Fitz, B 9, 1348 , Vigna, B 16 
1438) —3 A product of the reduction of butenyl 
alcohol (Lieben a Zeisel, M 1, 825) 

Preparation — From butyric aldehyde, 
water, and sodium amalgam (Lieben a Rossi, 
C R 68,1561,78,1561,^ 151,121, 158,137, 
165, 146, C / 24, 616 , Linnemann,^ 161, 179) 
Properties — Liquid Separated by CaCl, 

from atjueouB solution On oxidation it produces 
butyric acid Fused ZnClj forms the two n- 
butylenes (Le Bel a Greene, C R 89, 413) 
Combination — (C4H,oO),CaCl2 (Hemdl, M 
2, 200) 

iBO-butyl alcohol (CH,),CH CH^OH (106 6°- 
106 8°) at 763 2 mm (R Schiff, A 220, 102) 
(108°) (Linnemann, A 160, 238) 8 G 8062 

(Bruhl) , « 8069 , H 8009 (P ) B 9 6 at 18° 
8 V 10168 HF p 71.160 HF v 68,680 
Th) Ro 5 3541 MM 4986at 

7 7° 

Occurrence — In fusel oil from beet or pota- 
toes and other sources (Wurtz, A Ch [8] 42, 
129 , A 86, 197 , 93, 107 , 0. B 86, 810), 
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loobutyl angelateand isobutyrate occur in Roman 
oil of chamomile (KObig, A 196, 96) 

Formation — 1 Isobutylene combines with 
ClOH forming (0H3)2 CCl CHoOH, which is re 
duoed by sodium amalgam and water (Butlerow, 
A 144, 24) — 2 Isobutyl alcohol is produced by 
the action of Bacillus hutylicus upon sugar, 
glycerin, <fto , even in presence of 8 p o alcohol 
(Ordonneau, O R 102, 219 , Claudon a Morin, 
C B 104, I1S1) 

Properties — Liquid , smelling like fusel oil , 
separated from its aqueous solution by CaCij 
The rate of etherification has been studied by 
Menschutkm (A Ch [5] 23, 14) 

Reactions — 1 CrO, produces isobutync, 
acetic and carbonic acids, and acetone (Kramer, 
B 7, 262 , Schmidt, B 7, 1361) —2 Distilled 
over zufic dust splits up into isobutylene 
and H^O (Jahn, B 11, 989) — 3 Dropped 
upon fused ZnCl^ it forms isobutylene and 
CHj CH CH CHj (Le ifel a Greene, Am 2, 23) 

4 Heated with ammoni§cal ZuClj at 260°-280° 
it yields a mixture of mono , di and tn isobutyl 
amine (the latter in smaller quantity), the yield 
of mixed bases amounting to 50 to 70 p c of 
the alcohol used (Merz a Gasiorowski, B 17, 
623) 

Combinations — (C4H,.0)aCaCL (Hemdl, M 
2, 208) 

Metallic derivatives — KOC^Hp — 
NaO(i,HB(C4H,oO)3 (De Forcrand, C R 101, 
169) — ALiOC^H,)^ [140'’] S G i 9825 (Glad 
stone a Tribe, C J 39, 6) From A1 (4 g ), 
iodine (2 g ) and isobutyl alcohol 40 c c at 100^ 
The j leld is good (16 g ) Once fused it remains 
long fluid at 70° 

Secondary butyl alcohol 
CH, CHj C(CHj)H OH Methyl ethyl carbinol 
Butylene hydrate (99°) at 740 mm S G 2 
827 (Lieben, A 160, 114) 

Formation^ — 1 From n butylamine by 
nitrous acid , at the same time some n butyl 
alcohol 18 also formed (Linnemann a Zotta, A 
162, 3 , Meyer, B 10, 130) — 2 By treating 
the compound of HCIO with isobutylene, 
CH, CHCl CH(OH) ^H„ with sodium amalgam 
(Lieben, A 151, 12l) — 3 By the action of zino 
cthide on glycolic lodhydnn (Butlerow a Osso- 
kin, A 146, 263) — 4 Symmetrical dichloro di 
ethyl oxide, (CH, CHC1)20 is converted by ZnEt2 
into (CH, CHEt)20, a butyl ether which, on 
treatment with HI at 130^ gives secondary butyl 
iodide (Lieben, A 141, 236 , Kessel,^ 175, 44) 

5 Zinc ethide forms a crystalline compound 
with aldehyde, CH, CHEt(OZnEt), which is de 
composed by water into secondary butyl alcohol, 
ethane, and Zn(OH)2 (Wagner, J H 8, 37, A 
181, 261) — 6 From formic ether by treating 
with a mixture of ZnEt, and ZnMe, and decom 
posing the product with water (Kanonnikofl a 
Saytzeff, A 175, 374) 

Preparation — Secondary butyl iodide (g v ) 
18 treated with silver acetate and the product 
saponified by potash (De Luynes, A 128, 330 , 
132, 274) 

Properties —Liquid with strong odour, ppd 
from aqueous solution by K^CO, 

Reactions — 1 Ox^xses to methyl ethyl- 
kotone and acetic acid (Saytzeff, Z 6, 327) — 
2 The pure alcohol is unaltered when heated at 
240°- 250° during 8 to 16 hours m a sealed tube, 
VoL. I 


but the presence of a trace of HCl, HBr, or 
especially HI, is sufficient to split it up, forming 
pseudobutylene The reaction commences ac 
220° and is complete in 6 or 6 hours (Bougaiefl! 
a Wolkoff, Bl [2] 46, 249) 

Tertiary butyl alcohol (CH,),OOH Trt- 
methyl carbinol [25°] (83° cor ) S G 779 

(Linnemann) , 2<i 779 (Butlerow) , 786 , 

^ 780 (Bruhl), 7836, 7761 (Perkin) 

MM 6 122 at 24 3° 1 3924 R 35 63 Cri- 

tical point 235° (Pawlewski, B 16, 26341 

Formation —1 Zmo methide (2 mols ) and 
acetyl chloride (1 mol) mixed at 0°, foim, 
after some hours, a crystalline compound, 
CH, CMe(OZnMG)Me, which is decomposed by 
water into tertiary butyl alcohol, Zn(OH)2 and 
CH4 (Butlerow, A 144 1 , Wagner a Saytzeff, 
A 176, 361 , Pawloff, A 188, 118) - 2 Together 
with isobutyl alcohol by treating isobutyl iodide 
with acetic acid and AgjO (Linnemann, A 162, 
12 , Butlerow, A 168, 143) — 3 From isobutyl 
amine and HNO2 — 4 Fiom isobutyl cyanate 
and KOH (Linnemann, A 162, 12) — 5 From 
tertiary butyl iodide (g v ) and water, even in the 
cold (Dobbin, C J 37, 238) — 6 A mixture of 
ISO and tert butyl chlorides is got by heating 
isobutyl alcohol with HCl , when heated with 
water (6 vols ) at 100° the chloride of tert butyl 
alcohol 13 the only one converted into its alcohol 
(Freund, J pr [2] 12, 25) 

Preparation — Liquid isobutvlene is sealed 
up with twice its volume of a mixture of equal 
parts of water and sulphuric acid, and the con 
tents are left till homogeneous and then distilled 
(Butlerow, Z [2] 6, 237 , A 180, 246) 

Properties — Trimetrio pnsms Forms a 
hydrate (C4H,^0)2H20 which boils at 80° (But 
lerow) 

Reactions — 1 CrO, mixture gives acetone 
together with acetic, carbonic and a httle iso- 
butyric acid (Butlerow, Z 1871,485) —2 Heat- 
ing with anhydrous H2C/^4 produces butylene 
(Cahours a Demai^ay, C R 86,991) — 3 When 
taken internally it is excreted in tlie urine as 
butyl glycuromc acid CioH^O^ (Thierf elder a 
Mering, H 9, 614) which is decomposed by 
boiling dilute HQ^ into tert butyl alcohol and 
glycuromc acid 

DI ISOBUTYL ALDEHYDATE v p 106 

ISO-BUTYL ALDEHYDE v Isobuttric ai<db- 

HYDE 

ISO-BUTYL-ALDOXIU v Isobdtyrio alde- 
hyde 

ISO-BUTYL JIMIDO ISO BUTYL BENZENE 

C4H, NH C,H4 C4H, (260°-270°) From anihne 
hydrochlonde (10 g ) and iso butyl alcohol 
(13 g ) at 230° (Studer, A 211„ 240 , B 14, 
1473) Oil Does not give the carbamme reac- 
tion 

Nitroso denvatnve 8£k, ^ 991 Solidi- 
fies on keeping 

Acetyl derivatiue [74°] (above 300°) 
Needles (from benzohne),. 

BUTYL AMXDO TOLUENE v Methyl-butyl- 

PHENYL AMIN E 

n-BUTYLAMINE 04H,NiL5 t e Pr CBLNH- 
Mol w 73 (76°) S G ii 755, as 733 

Formation —1 From butyl cyanate and 
KOHAq (Lieben a Rossi, A 168, 172, Meyer, 
B 10, 131) — 2 From butyromtnle by reduotioa 

T T 
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(Lmnemann a Zotta, A 162, 3) — 8 Prom 
nitrf)butane, Bn and HCl (Zublin B 10, 208d) 

l^operties —Miscible with water, dissolves 
freshly ppa Cu(0H)2 and Ag^O Beduces alka 
line solutions of copper, silver, and mercury 
Nitrous acid converts it into sec butyl alcohol — 
Platino chloride (B' HCl)2PtCl^ yellow 
crystalline plates, m sol cold water 

Primary isobutyl-amine Pr CHo NH^ (68°) 
R Schiff, B 19, 666) S G 73b S V 106 16 
S) HF p 88,460 HF v 35,560 (T^) 

Formation — 1 By distilling potassium iso 
bntyl sulphate with potassium cyanate and treat 
ing the product with KOH (Wurtz, A 93, 124 , 
Linnemann, A 162, 23) — 2 By heating iso 
butyl bromide with alcoholic NHg and separating 
the mono-, di , and tn but>lamines by o\alio 
ether (Reimer, B 3, 756, Hughes a Romer, B 
7, 611 , Malbot, C B 104, b3, 228) On heating 
isobutyl chloride with ammonia (molecular pro 
portions) in isobutyl alcoholic solution or m 
aqueous solution very nearly similar results 
are obtained , namely one part of mono butyl 
amine, four of di , and five parts of tn butyl 
amines (M ) — 3 Formed, together with di and 
tn isobutylamine, by heating isobutyl alcohol 
with ammoniacal ZnClj at 260^-280° , the yield 
of mixed bases amounts to 60-70 pc of the 
alcohol used (Merz a Gasiorowski, B 17, 623) 

4 By reducing nitro isobutane (Demole, A 
175, 142) — 5 A mixture of equal mols of valer 
amide (ordinary) and bromine is run into an 
excess of a 10 p o solution of KOH at 60° , the 
yield IS 90 p c (Hofmann, B 15, 769) 

Salts— BUCl [160°J B 133 at 15° — 
(BTECl) PtCl^ microscopic rhombic tablets — 
BHAuCL — S u 1 p h a t e cauhflo wer like groups 
of needles, not deliquescent 

Secondary butyl-amine 

CH, CHyCH(NH2) CH, (63°) From dilute 
H2SO4 and sec butyl thio carbiuude (from vola 
tile oil of scurvy grass) (Reyman, B 7, 1289) 
Also from the iodide or cyanate (Hofmann, B 
7. 613) — B'^H^PtCle 

Tertiary butyl-amine MejCNHj (46° cor) 

5 G 7165 , 7004 C E (0°-7 8°) 0014 

Formed together with isobutylamine by the 
successive action of silver cyanate and aqueous 
KOH on isobutyl iodide Colourless ammoniacal 
liquid, attacks indiambber and cork Miscible 
with water, but separated by K,CO, or KOH 
from its solution (Brauner, A 192, 72 , cf 
Linnemann, A 162, 19 , Hofmann, B 7, 613) 

Salts— B'HCl melts at [270°-280°] and 
boils soon after On solidifying it increases 
greatly in bulk — (B'HCl) 2PtCl4 Large mono- 
climo pnsms (from alcohol) — B'HI — B'HNO, 
Sulphate SIX sided pnsms, not deliquescent 

Di-n-bntyl. amine (Pr CH2),NH (160°) 
Formed, together with n butylarame, by treatmg 
butyl cyanate with KOH (Lieben a Rossi, A 
168, 176) Converted by nitrons acid into 
pniaary and secondary n butyl alcohols and 
w-bntylene (Meyer, B 10, 180) — B'^H^PtCl, 
Ntiroso- derivative (C4Hp)jN NO (236°oor ) 

Di-iso-bntyl-amine (Pr CH2)jNH (137°) 
Formed, together with mono- and tn- iso-butyl- 
amine, by heating iso butyl alcohol with am- 
momacal ZnCl, at 260°-280° The secondary 
amine is isolated from the mixture of bases 
(which amoonts to 60-70 p,o of the alcohol 


used) by means of its nitrosamine (Mers a. 
Gasiorowski, B 17, 623) Prepared by heatuig 
iso butyl iodide or bromide with alcoholic NH, 
to lo0° (Ladenburg, B 12, 948) Butyl iodide 
(1 mol ) m the cold acts upon di isobutylamine 
(1 mol ) forming di isobutylamine hydrochloride 
and free tn iso butylamine (M ) 

Salts —B'HCl plates or scales S 62 6 at 
16° , S (ether) 07 at 16° , S (alcohol) 06 at 14° 
(Malbot, C R 104, 366) — r^H^PtCl^ ~ 
B'HClAuCl, Yellow tables, sparingly soluble 
in cold water 

Nitroso- derivative N(N0)(04H[p)2 [0°] 
(213°-216°) Oil Prepared by the action of 
KNO2 on a solution of di isobutylamine hydro 
chloride 

Tertiary di butylamine (C4HJ2NH te 
(CMe3)^NH From tertiary butyl iodide and 
tertiary butylamine at 60° But above 70° iso 
butylene is given off C^H^NH^ + C^H.I => 
C4H, + C4H„NH2,HI (Ruunew, Bl [2] 33, 299) 
Salt— B HI Ve^ soluble in water and 
alcohol Converted by potash, or even boiling 
water, into tertiary butvlamine 

Tn n bntyl amine (C4Hfl)3N Mol w 185 
(c 213° cor) SG 2 791, 778 From n 

butyl iodide and NH, (Lieben a Rossi, A 165, 
115) — B' H^PtCl, 

n Butylo iodide (04Hg)4NI plates (Lie 
ben a Rossi, A 1C5, 113) 

Tn isobutyl amine (PrCH )3N (186°) 

S G 5} 785 (Sachtlebon, B 11, 733) Formed, 
together with mono and di iso butylamine, by 
heating isobutyl alcohol with ammoniacal ZnClj 
at 260°-280° The tertiary amine is isolated 
from the mixture of bases (yield 60-70 p c 
of the alcohol) by means of its sparingly soluble 
ferrooyanide (Merz a Gasiorowski, B 17, 023) 
Also from di iso butylamine and isobutyl bro 
mide Also from isobutyl iodide (1 mol ) and 
NH,Aq (1 mol ) at 160° (Malbot, C R 105, 676) 
Does not mix with water With isobutyl bro- 
mide it gives off butylene and forms tn iso 
butylamine hydrobromide (Reimer, B 8, 757) 
Isobutyl iodide (1 mol ) at 180° forms hydriod 
ides of di and tn isobutylaJmine and butylene 
(M ) Isobutyl chloride (1 mol ) at 170° gives 
pure di-isobutylamine hydrochlonde and butyl 
ene 

Salts — B',HC1, B',HNO, and B'3,H3S04 are 
extremely soluble — (B'HCB^PtCL orange plates, 
sol hot water — B'HClAuCl, amorphous, msol 
water 

Tert BUTYL ierf - AMYL - AMINE 
(C4H,)(C,H„)NH The iodide of this base is 
formed by the slow action of tertiary amyl 
iodide on tertiary butylamine m the cold It is 
very unstable, being decomposed by solution m 
water (?) (Rudneff, Bl [2] 33, 297) 

n - BUTYL - ANILINE C,oH„N % e 
C,H, NHC4H* (286° at 720°) Colourless oily 
fluid Easily volatile with steam 

Salts — B'HCl very soluble white needles 
— B'HNO,’* easily soluble — B'^H^SO,* easily 
soluble fine white needles 

Acetyl derivative OgH, N(04H!,)Ao 
(274°) at 718 mm , colourless fluid 

Nitrosamine C,H, N(C,H,)NO yellow 
fluid , easily soluble in alcohol and ether, in 
soluble in water (Kahn, B 18, 3365). 
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Isobutyl-anlhne Pr CH. NHPh (242°) (G ) , 
(226°) (N ) S G 926 (G ) From isobutyl 
biomide and aniline (Gianetti, O 12, 268) — 
B'HOl — B'HBr —B'HI 

Acetyl derivative (267°) (N6lting, J 
1888, 703) 

p Nitroso- derivative 

CHjPr 

[44L] C,H,(NO) NHCH^Pr or C,H,< 1 >0 
• \n 

[94°] From isobutyl aniline, HCl, and NaNO^ 
(Wacker, A 243, 297) Steel blue crystals, v sol 
alcohol, si sol water Reactions — 1 Reduction 
gives isobutyl phenylene diamine —2 The chlor- 
ide boiled with aqueous NaOH gives iso butyl 
amine and p nitroso phenol — 3 HCl and NaNO^ 
give a mtrosamine OflH^(NO) N(N0) CH^Pr 
crystallAing m bright green plates, v sol 
alcohol and ether, insol water 

Di-isobutyl anUine £PrCH2)2NPh (c 248°) 
From aniline and isobutyl bromide (Studer, A 
211, 236) • 

DI BUTYL ANILINE AZYLINE v Di butyl 
amido benzene azo di butyl aniline 

BUTYL ANISOL v Methyl ether of Butyd- 

PHENOL 

ISO BUTYL - ANTHRACENE C„H,a le 

^CaH4 [67°] Fluorescent 

needlas Prepared by the action of zinc dost, 
isobutyl bromide and NaOH on anthraquinone 
(Liebermann a Tobias, B 14, 802 , A 212, 
107) The picric acid compound forms 
long brownish red needles 

Jt-Aydrtd, From 

isobutyl-oxanthranol, HI, and P (L ) Oil , oxi- 
dised by CrOg in HOAc to isobutyl oianthranol 
and finally to anthraquinone 

BUTYL-ANTHRANOL-DIHYDRIDE 

(C^Ff [72°] From anthra- 

qumone, aqueous NaOH and zinc dust, boiled 
for some time and then iso butyl bromide added 
(Liebermann, A 21^, 103) 

ISO BUTYL ANTHRANYL CHLORIDE 

[78°] Tables Pre- 

pared by the action of PClg on isobutyl oxanthra- 
nol (Liebermann a Walder, B 14, 463) 

n BUTYL-BENZENE C.oH,^ i e CeH* CH^Pr 
Phenyl butane (180°) S G ^ 862 From 
n propyl bromide, benzyl chloride, and Na 
(B^adziszewski, B 9, 260) Also from n butyl 
bromide, bromo-benzene, and Na (Balbiano, B 
10. 296) 

Brominahon — By the action of bromine in 
the dark, or in presence of iodine, the product 
IS probably a mixture of o and p bromo butyl- 
benzene By the action of bromine in direct sun 
shine, the substitution takes place m the y posi- 
tion of the side chain giving C^Hg CHBr OgH, 
or OgHg CBr, OgH, If the y-mono bromo deri- 
vative IS further brominated in the dark at 100° 
the second Br atom probably enters the posi- 
tion, the product being identical with the butyl- 
ene benzene-dibromide [70°] of Radziszewski 
(Schramm, B 18, 1275) 

IBO-BUTYL-BENZraB OgHgOH-Pr (167°). 
8G 0 880(G), 868 (R.) VJ) 472(G) 


Formation — 1 Prom isobutyl bromide, 
bromo benzene and Na (Biess, B 3, 779 , 
Wreden a Znatowicz, B 9, 1606) — 2 From 
benzyl chloride, isopropyl iodide, and Na (Kdhler 
a Aronheim, B 8, 509) — 3 By the action of 
60 g iso butyl chloride on 160 g benzene m 
presence of about 60 g Al^Cl, (Glossm, Bl [2j 
41, 446) — 4 By heating benzene with isobutyl 
alcohol and ZnClj (Goldschmidt, B 15, 1066) 

6 By distilling m or p ibobutyl benzoic acid 
with lime (Kelbe a Pfeiffer, B 19, 1728) 

Properties — Colourless liquid , CrO, oxidises 
it to benzoic acid Passed over red hot PbO it 
forms naphthalene 

Sec butyl benzene CH, CHg CH(CaH5) OH, 
(171°) 8G 873 From 0,Hg CHBr CH, 
and ZnEt (Radziszewsky, B 9, 261) 

(a) n BUTYL-BENZENE BULPHONIC ACID 
CgH^(CH2Pr)S08H Formed by sulphonating 
n butyl benzene (Balbiano, O 7, 343) — BaA'^ 
small laminffl, si sol cold water — ZnA'37aq — 
PbA jaq — MnA'jOaq 

(j8) n Butyl-benzene sulphonio acid Formed 
at the same time as the preceding (B ) — 
BaA'2 2aq nodules, more soluble than the Ba 
salt of the (a) acid — PbA'2 2aq 

Iso Butyl-benzene-sulphonic acid 
CgH4(C,Hfl) SO3H Formed by sulphonation of 
isobutyl benzene — A'2Ba2aq glistening plates 
— A'K aq plates 

Amide C„H,(C,H„) SOjNHj [137°] , glisten- 
mg needles (Kelbe a Pfeiffer, B 19, 1728) 

BUTYL BENZOATE v p 470 
BUTYL BENZIMIDO-ETHER v p 479 
m ISO-BUTYL-BENZOIC ACID 
CgH,(C,H,)C02H [1 3] [127°] Long stout 

needles Formed by oxidation of m isobutyl 
toluene with dilute HNO, By further oxida 
tion with dilute HNO, at 170°-200° isophthalio 
acid 18 formed Gives a mtro derivative [140°] — 
AgA' white pp 

A mide CgH,(C,Hg) CONH, [130°] , hair-fine 
needles from water (Kelbe a Pfeiffer, B 19, 
1725) 

p iBobutyl-benxoic acid CgH,(C4H,) COjjH 
[1 4] [164°] 

Formation — !♦ By oxidation of |)-iBobntyl 
toluene with dilute HNO, By further oxidation 
with dilute HNO, terephthahc acid is formed 
(Kelbe a Pfeiffer, B 19, 1725) —2 By saponifica- 
tion of its nitrile (Pahl, B 17, 1287) 

Properties — Monoclmio crystals , gives a 
mtro derivative [161°]. 

Salts — AgA' white flooculent pp — 
BaA'jicaq plates, sol hot water — CaA'jXaq 
b 1 sol cold water 

Amide CgH,(C,Hg) CONH, [171°], long 
hair fine needles (from water) 

Methyl ether MeA' (247°), oil 
Nitrile CgH,(O.Hg) CN (249°) (G a M), 
(244°) (K ) , (238°) (P ) V D 6 47 (obs ) (K ) , 
6 36 (obs ) (P ) Colourless oil Formation — 
1 By distilling the formyl derivative of isobutyl - 
phenyl amme with zinc dust , the yield is about 
12 p 0 (Gasiorowski a Merz, B 18, 1009) — 2 
By heatmg isobutyl phenyl -thio carbimide 
with copper powder at 200° (Pahl, B 17, 1236), 
8 Formed by heating tn isobntylphenyl phos- 
phate with dry KON (Kreysler, B 18, 1707) 
ISO-BUT^BENZOYL-AOETIC STEER v p. 
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BUlYL BORATE 


ISO-StTTYL rOElTE B{OCA), (212°) 
formed by heat ng B.O, with isobutyl alcohol 
for 8 hours at 170° Burns with green fiaine 
Insol water and slowly decomposed by it 
(Councler, J pr [2] 18, 382) Not acted upon 
by ammonia 

n BUTYL BROMIDE C,H^r 
CH, CHj CH, CHjBr (100° cor ) S G ^ 1 305 , 
^ 1 299 From n butyx alcohol, lir, and P 
(Lieben a Rossi, J 158, 161) With Br at 
150° it gives CiHgBrj (167°) (Lmnemann, A 
161, 199) With bromine containing iodine 
at 250° it reacts thus C^H^Br + 8Br2 = 
2C2Br4 + 9HEr (Merz a Weith, B 11, 2244) 

Isobutyl bromide Pr CH Br (92°) (L ) , 
(91°) at 758 mm (Schiff, B 19, 563) S G 
1 2722 , p 1 2598 (Perkin, C J 45, 457) S V 
110 39 M M 8 003 at 16° (P ) From the alco 
hoi and HI or P and I (Pierre a Puchot, J Ph 
[4] 13,9, Wurtz,A 93,114, Chapman a Smith, 
C J 22, 153) At 220° it partially changes to 
tertiary butyl bromide (Eltekoll, B 8, 1244) 

Tertiary butyl bromide CMegl (72°) 

S G ^ 1 216 , p 1 2020 , p 1 1892 V D 4 7 
(obs ) M M 8 238 at 18° From isobutylene 
and HBr (Roozeboom, B 14, 2396) From 
tri methyl carbmol and PBr^ (Reboul, C B 93, 
69) 

Reactions — 1 Readily decomposes into HBr 
and isobutylene This occurs when it is treated 
with Ag20, with KHO, with NEt,, or with Zn 
and water (Butlerow, Z 1867, 362) — 2 With 
ZnO it forms tn isobutylene, — 3 With 

water y even m the cold, it forms tertiary butyl 
alcohol 

BUTYL BUTYBATE v Buttric acid 

180-BUTYL CARBAMINE C,H,NC (c 116°) 

S G ^ 787 Preparation and prooerties like 
those of ethyl carbamme Less readily attacked 
by HCl than ethyl carbamme (Gautier, A 152, 
221 , Bl [2] 11, 211 , Z [2] 5, 446) 

n - BUTYL CARBONATE (PrCH,)2CO^ 
(207° cor ) at 740 mm S G ® 941 (Lieben a. 
Rossi, A 166,112) 

Isobutyl carbonate (PrCH,),CO, (190° 
eor ) S G is 919 From ispbutyl iodide and 
Ag^CO, (De Clermont, A Ch [3] 44, 336) From 
isobutyl alcohol and CyCl (Humann, A Ch [3] 
44, 340) From sodium isobutylate and chloro 
picnn (Reese, A 206, 253, cf Wurtz, A 93, 119) 

Isobutyl-orthocarbonate (PrCH20)^C (246° 
cor ) S G 900 The chief product of the 
action of ohloropicnn on sodium isobutylate 
(Reese, A 205, 253) 

BUTYL-CHLOBAL v Tni chloeo butybio 

ALDSHTDE 

fi-BUTYL CHLORIDE C^HjCl le 
CH, CH^CH, CH^Cl Mol w 92 6 (78° cor ) 

S G 2 907 , li 897 (Lmnemann, A 161, 197) 

S V 114 3 (Ramsay) From n butyl alcohol and 
HCl (L. , ef Lieben a Rossi, A 168, 161) 
From n-bntane and chlonne (SchOyen, A 130, 
236) 

Iwbutyl ohlondo (CH,)jCH CHLCl (69°) 
BQ ^ 880 (Lmnemann) , U 8836 , » 8739 
(Perkm, C J 46, 466) MM 6 144 at 21°. 
HF p 46,870 HJP v 43,060 {Th) BY 
114 26 (E Schiff, B 19, 6^2) Prom isobutyl 
alcohol and HCl or POL (Wurtz, A« 93, 113, 
Pierre a. Puchot, O B, 72, 832) | 


Tertiary butyl chloride (CH,),C Cl ^51°). 
SG ^ 8471, 8368 MM 6 257 at 15° 

Foi'mation - 1 By action of chlorine on 
(CH,),CH (Butlerow, J 1864 497) —2 By heat 
ing isobutylene, (CH,) C CH,^, with cone HCl at 
100° (Salessky, A 165, 92 , R 5, 480 , Le Bel, 
Bl [2] 28, 462 , Puchot, A Ch [6^ 28, 649) — 

3 From tn methyl carbmol and AcCl or PCI5 — 

4 From isobutyl iodide and ICl (Lmnemann, 
A 162, 18) 

Properties — With water (6 vols ) at 100° it 
18 readily converted into tertiary butyl alcohol 
(Butlerow, A 144, 33) It partakes, therefore, 
somewhat of the character of an acid chloride 
BUTYL-CHLORO- v Chloeo butyl 
BUTYL-CINCHONIC ACID v Butyl quiko- 

lilNE CAEBOXYLIC ACID k 

BUTYL CRESOL v Methyl butyl phenol 
ISO-BUTYL CYAN ATE Pr CH^ N CO (110°) 
From isobutyl iodide andbilver cyanate (Brauner, 
B 12, 1877) ^ 

Tertiary butyl cyanate (CH,)3C N CO (86° 
cor ) S G 0 8676 The chief product of the 
action of isobutyl iodide on silver cyanate (B ) 
BUTYL CYANIDE v Valebonitkile 
n BUTYLENE C^Hg tc CH, CH CH CH^ 
Vinyl ethane Ethyl ethylene Mol w 56 
(c —4°) Occurs m the oils deposited from 
compressed coal gas (Colson, Bl [2] 4§ 52 , 
C R 104 1280) 

Formation — 1 By boiling n butyl iodide with 
alcoholic KOH (Grabowsky a Saytzeff, A 179, 
325 , Lieben a Rossi, A 168, 104) — 2 From 
bromo ethylene and ZnEtj (Chapman, C J 
20, 28 , Wurtz, Z [2] 6, 407) — 8 Together with 
secondary butyl alcohol by the action of HNO, 
onn butyl amine (Meyer, B 10, 136) 

Properties — Gas Forms with Br a dibro 
mide (167°) HI forms CH, CH, CHI CH3 
xf/ Butylene CH, CH CH CH, (/3) Butylene 
$ Dt methyl ethylene (1°) 

Occurrence — In the oils from compressed 
coal gas (Colson, C R 104, 1286) 

Formation — 1 From secondary butyl iodide 
and alcoholic KOH, Ag 0 arfd water, or AgOAc 
(De Luynes, A 129, 200 , 1S2, 275 , Lieben, A 
160, 108 , 161, 121) — 2 Together with isobu- 
tylene by distilling i or iso butyl alcohol with 
ZnClj (Nevol6, M 24, 122 , Le Bel a Greene, 
Am 2, 23 , Bl [2] 29, 806) — 3 By heating 
' secondary butyl alcohol — 4 From Mel, allyl 
iodide, and Na, small quantities of the two 
other butylenes being also formed (Wurtz, Bl 
[2] 8, 265, Groshemtz, Bl [2] 29, 201) —5 
H2SO4 acting on isobutyl alcohol forms (1 vol of) 
CH,CHCHCH, and (2 vols of) (CH,),C CH, 
(Konovaloff, Bl [2] 34, 333 , cf Puchot, A Ch 
[6] 28, 508) — 6 By boiling isobutyl iodide with 
PbO (Eltekoff, Bl [2] 84, 347) 

Properties — Gas Br gives (166°~ 

169°) HI gives CH, CH^ CHI CH, 

Isobutylene (CH,)2C CHj u Di methyUethyl 
ene (-6°) 8Q 637 (Puchot) HF p 
10,660 HFv 8920 {Th) V D 1 93 (calc 
1 94) Occurs in the oils obtamed by compress- 
ing oil gas (Faraday, T 1825, 440) or ooal-gaa 
(Colson, Bl [2] 48, 62 , cf Prunier, Bl [2] 19, 
109) 

Formation, — 1. By electrolysis of potassium 
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valerate (Kolbe, A 69, 269) — 2 From sec- or 
tert butyl alcohol and H^SO^ or ZnOL^ (Wurtz, 
A 93, 107 , Konovaloflf, Bl [2] 34, 333 , Ler- 
montoff, A 196, 117, Puchot. A Ch [5] 28, 
608, C R 85, 757, Scheschukoff, Bl [2] 46, 
181 , cf Nevol6, Bl [2] 24, 122) —3 Together 
with ethylene and propylene by passing fusel 
oil through A red hot tube (Wurtz, A 104, 249 , 
Butlerow, A 145, 277) — 4 From iso or tot- 
butyl iodide^ and alcoholic KOH (De Luynes, 
C B 56, 1175 , A Ch [4] 2, 385 , Butlerow, A 
144, 19 , Z [2] 6, 236) — 6 By heating di 
methyl acrylic acid to 210°-220" during 25-30 
hours (Gorboff a Kessler, Bl [2] 41, 392) 

Preparation —laobutyl iodide is run into 
boiling alcoholic KOH and the gas collected 
Properties — Gas, si sol water, v sol alco 
hoi, V sol ether and HOAc 

Reactions — 1 Cone HCl at 100° forms tert 
butyl chloride —2 Cone HI aq absorbs it, form 
mg tert butyl iodide *and tri methyl carbinol 
(Scheschukoff, Bl [2] 4#, 823) - 3 Cone H.SO* 
3 pts ) mixed with water (1 part) absorbs it, 
and on diluting with water and distilling tert 
butyl alcohol is got H SO^ (5 pts ) mixed with 
less water (1 pt ) forms much aodecylene — 
4 Br in CS^ forms C^H^^Bro (148°) and CJi Brj 
(173°-183°) at 235 mm (Nevol6, C B 83 65, 
Norton a Williams, Am 9, 88) — 5 HCIO forms 
a chloro butyl alcohol (137°) (Butlerow, A 144, 
1, a [2] 6, 236, Henry, Bl [2] 26, 23) -6 
CrO, gives acetone, oxalic acid, acetic acid, <fec 
(Zeidler, A 197, 251) — 7 Cl forms isobutenyl 
chlorides C^H^Cl (Scheschukoff, J R 16, 488) 
Combinations — (C^H^) Al^Clg Fromethjlene, 
A1 Cl„ and HCl (Gustavson, J R 16, 97) — 
(C,H,) Al^Br„ oil S G 9 2 1 F p 147 
BUTYLENE ALCOHOL v Di oxy butane 
BUTYLENE DIAMINE C,H,,N, 
C<Hg(NH-)i(?) (above 140°) b rom ethylene 
cyanide, tin,' and HCl (Fairley, C J 17, 362 , 
could not be obtained by Ladenburg, B 16, 1150, 
or Lellmann a Wiirthner, A 228, 229) — 
B'APtCl, 

BUTYLENE BROMIDE v Di bromo butane 
BUTYLENE TRI-CAEBOXYLIC ACTIf 

CH, CH C(C0;H) CH(C02H), Ethyhdene- 

ethenyl tri carboxylic acid [185°] Formed by 
the action of a chloro crotonic ether upon sodio 
malonic ether, and saponification of the product 
(Hjelt, B 17, 2833) V sol water, m sol 
ether — A'"Ag, flocculent pp — A'^jCa,** and 
A^'^Ba, * easily soluble powders 

Mono ethyl ether A'"H2Et 3aq [70°] 
large tnclinic crystals, abc= 9111 1 7553 — 
A'"K^taq [145°] 

Tri- ethyl ether Et,A'" (286°) 
BUTYLENE GLYCOL v Di oxy butane 
BUTYLENE GLYCOL CHLORHYDRIN v 
Chlobo-butyl alcohol 

BUTYLENE GUANAMINE C,H„N, [173°] 
Formed by heating guanidine isovaierate at 225° 
rnmetno needles, m sol cold water Converted 
by oono H^SO^ into butylene guanamide 
whence HNO, forms oyanunc acid 
(Bandrowski, B 9, 240) — B'HCl — B'AgNO, — 

' BUTYLENE HYDRATE v Sec Butyl alcohol 
BUTYLENE NITRITE (?) CAN^O, From 
isobutylene and eonc HN05(Haitinger, M 2,287). 


Butylene nitrite (?) {96°] Formed by boiU 
mg petroleum of Tiflis with HNO, (Beilsteiu a* 
Kurbatoff, B 14,1621) 

ISO-BUTYLENE OXIDE O^H^O i e 

(52°) S G 2 8311 From isobutylene with sue** 
cessive treatment with HCIO and KOH (Eltekoff, 
Bl [2] 40, 23,/B 14,368) Water, at ordinary 
temperatures, unites with it, forming di-oxy- 
butane 

s Butylene oxide 0 <CchmJ^ S G ® 

8344 Formed similarly from CH, CH CH CH, 
(E ) Water at 100° forms di oxy butane 
CH, CH(OH) CH(OH) CH, 

BUTYL ENNYL KETONE C,*H^O (’) or 
C,H, CO C,H,(C,H„) Amyl valerone (209°) 

S G ^ 845 From CO on sodium umylate, 
NaOCftH,,, at 160° (Geuther a Frohlich, A 202^ 
301) Liquid, does not combme with NaHSO, 
BUTYL ETHER v Butyl oxide 
BUTYL-FORMIC ACID v Valerio acid » 
BUTYL-GLYCERIC ACID v Di oxy butyric 

ACID 

BUTYL-GLYCIDIC ACID t; Di oxy butyric 

ACID 

BUTYL GLYCOL v Di oxy butane 
BUTYL-GLYOXALINE C,Hs(C 4 H,)N 2 . Oly- 
oxal amyline [121°] (274°) Flat needles 

SI sol water Prepared by the action of valeric 
aldehyde ammonia on glyoxal (Radziszewski, B 
16. 747 , 17, 1291) Br forms C,H,,,Br2N, [158°] 
and C.H^BrjN, [217°] 

Salts— B'HCl [136°] — BTOr [100°] — 
B'H2C204 [196°] — B'^H^PtCl, 

ISO-BUTYL DIGUANIDE C,H„N, ^e 
CoHeN5(C4H„) The sulphate of the copper 
derivative Cu(C,H,4N5)2H2S04 is formed by the 
action of aqueous CUSO4 and isobutylamine 
on dicyandiamide at 100° (Smolka, M 4, 815) 
Alkalme syrup, absorbing CO, from the air 
Salts — B'2H280*liaq S 26 8 at 16° 
Colourless transparent leaflets — ^B'H,S04 l^aq. 
— B'HCl [216°] S 40 at 16° — B'2HC1 
[194°] Deliquescent — B'^H^PtCl, aq golden 

four sided tables — B'2H2Cr04 aq — B'4i5C204 
Metallic €ertvattve8 Cu(CaH,4N5), 
silky red needles, si sol water, sol dilute acids 
— Cu(C«H,4Nj22HNO, — Cu(C«H,4N,)2H2Cl2 aq 
— Cu(CgH,4N,)JH2S04 carmine red grams S. 
26 at 18°— Cu(C„H,4N,)2H2S04aq pale red 
grams — Cu(C,H,4N5)2^S04 3aq hght rose-rod 
crystals 

n BUTYL -HEPTYL- OXIDE C4H, O C,H„ 
(205 7°) 8G g 8023 SV 2713 C.E (0°-10°) 
00097 (Dobnner, A 243, 8) 

BUTYL-HYDRO-ANTHRANOL v Butyl- 

ANTHRANOL DIHYDYrDE 

ISO-BUTYL HYPOPHOSPHATE (C4Hp)4P20e 
S G 1 125 From isobutyl iodide and 
Ag4P20, at 140° (Sanger, A 232, 12) OiL De- 
composed by hot water 

iBo-bntyl-hypophosphate of baniun 
(C4H,)BaHP20« 5aq Needles 

BUTYLIDENE-ACETO- ACETIC ETHER v, 
p 24 

ISO-BUTYLIDENE-AMIDO-BENZOIO ACID 

C„H„NO, i 6 Pr CH N C,H4CO,H [145°-160°] 
From amido benzoic acid and iso butyno aldO' 
hyde (Sohiff, A 210, 114) Slender needles, 
decomposed by cold dilute alkalis. 



TRMSO-BUTYLIDENE DI-AMINE 


Tai-ISO-BUTTLIBENE DI-AMINE V Hydro 
inUyramtde under Isobutybic aldehyde 

ISO-BTJTTUDENE CHLOBIDE v Di ohlobo- 

ISOBUTANE 

ISO . BUTYLIDENE - ETHYLENE - ANILINE 

V Dl- PHENYL ISOPROPYL METAPYBAZOL TETRA 
HYDRIDE 

n BUTYL IODIDES CHg CH, CHj CH^ I 
Mol w 184 (131° cor ) S G ^ 1 617 

(Bruhl) , g 1 6476 S V 128 2 C E (0°-10°) 
00098 (Dobrmer, A 243, 26) 1 610 Bqo 

64 47 From n butyl alcohol and HI (Lmne 
mann, A 161, 196) ICl, at 250° acts on it 
thus C AI + llICl, = 20, Cl, + 9HC1 + 12IC1 

<Krafft, B 10, 806) 

Secondary n-butyl iodide CH, CH, CHI CH, 
(118°) S G g 1 626 , =5° 1 592 , ^1 679 

(Lieben) , « 1 632 , ^ 1 600 (Luynes) V D 
6 6 at 20° (obs ) Formation —1 By distilling 
erythrite with HI (De Luynes, A 125, 252, Bl 
2, 3) — 2 From ethyl chloro ethylic ether 

CH^OlCEtHOEt and HI at 140° (Lieben, 
A 160, 87) — 3 From n butylene and HI 
(Wurtz, ^ 152,23) 

iBobutyl iodide {CB.,)^CH CH,I (120°) 

6 G V 1 (Bruhl) , f 1 6139, f 1 6007 (Perkm, 
C J 45,462) K 64 41 SV 

128 28 (Schiff, B 19, 664) CE (0°-20°) 0110 
^rauner, A 192, 69) M M 12 199 at 19 4° 
IVom isobutyl alcohol and HI Distils con 
stantly with 21 pts water at 96° (Pierre a Puohot, 
€ R 74, 224) Treated with AgNCS gives a pro 
duct, (CH5)2CH CHjNCS, which on saponifica 
tion yields isobutylamme and, in greater quan 
tity, tertiary butylamine (B ) Heated with lead 
oxide it yields pseudo butylene besides iso butyl 
one (Eltekoff, Bl [2] 34, 347) 

Tertiary butyl iodide MejCI (100°) S G ^ 

1 671 Formation — From tertiary butyl alcohol 
and HI 

Preparation — By passing isobutylene {q v ) 
into fuming HI, cooled with ice and well shaken 
(Markowmkoff, Z [2] 6, 29) 

Reactions —1 If the iodide (20 g ) be shaken 
with water (30 g ) for two days it dissolves, being 
converted into the alcohol Me, Cl + H O = 
Me,COH + HI(Dobbin, (7 / 3,,237)— 2 With 
dry ZnO it forms tn isobutylene — 3 With 
sodium it forms isobutylene, tn isobutylene, and 
hydrogen, with small quantities of a hydrocarbon 
not absorbable by HjS04 (Dobbin) — 4 Moist 
Ag,0, Zn and water, and AgOAc, form iso- 1 
butylene (Butlerow, Z [2] 6, 237) — 5 With 
MeOH at 100°--110° it gives Mel and tnmethyl 
oarbinol (Bauer, A 220, 163) — 6 With MeOAo 
at 110° it form s isobutylene, HO Ac and Mel 

DI-BUTYL-EETINE ti Di methyl di butyl- 

VYBAZINE 

DI-I80BUTYL KETONE C^H.^O t e 
CACOOA Valerone Mol w 142 (182°) 

S Q -833 Formed, in small quantity, by 
distiUmg calcium valerate (6 pts ) with CaO 
(Ipt) (Lbwig, P 42,412, Ebersbach, A 106, 
268, Schmidt, B 6, 600) Does not combine 
with KaHBO,. 

DI-ISOBUTYL-KETONE-SULPHONIC ACID 
04 Hs(HSO,) — CO — C 4Hg(HSO,) The sodium 
But is formed by leaving phorone in contact with 
a saturated solution of NaHSO, for 2 or 3 weeks 
It forms colourless pniimg (A'Na22^aq) soluble 
m water and alcohol (Pumer, B 15, 593) 


BUTYLLACnc ACID v Oxy butyric acid 
BUTYL-LUTIDINE v Di methyl butyl-pykl 

DINE 

n BUTYL-MALONIO ACID C^H^O* is 
C4H2 CH(C02H)2 [101°] Prepared by saponi- 

fication of the nitrile C^H^ CH(CN) CO^Et 
obtained by the action of KCN on chloro 
hexoio ether Thick prismatic crystals V sol 
water, alcohol, and ether It gives a reddish - 
violet colouration on warming with H^SO, At 
about 150° CO2 is evolved and it is converted 
into caproio acid 

Salts — A"Ba white plates S 2 98 at 24° 
— A'Tb very sparingly soluble white glistening 
plates S Oil at 20° — A"Cuaq blue glisten 
ing plates S 086 at 22° — A"Ag white pp 

S 119 at 23° (Hell a Lumpp, B 17,2217) 
Isobutvl malonic acid PrCH CH(CO^H)2 
[107°] From its ether (Hjelt, J 1882, 87 >) 
Ethyl ether Et^A" (225°) S G 9S3 
From sodium malonic ether and isobutyl iodide 
n BUTYL MERCAPIAN C^H^SH Mol w 
90 (98°) SG g 858, ^ 843 (Saytzeff a 

Grabowsky, A 171, 251, 176, 351) HNO, 
gives butane sulphonic acid 

Isobutyl mercaptan (88°) S G 848 
(Humann, A 96, 256) , ^ 8357 (Nasmi, O 13, 
301) V D 3 10 (obs ) Rqo 27 47 (N ) Formed 
by distilhng K(C4Hfl)S04 with aqueous KHS — 
KSCiHg — Hg(C4HpS)2 pearly scales — 
Pb(C4H8S)2 yellow crystalline pp 

Secondary batyl mercaptan (86°) S G 
830 From sec butyl iodide and KHS — 
C^H^SAq -(C4H2S)2Hg [189°] (Reymann, B 7. 
1287) 

TETEA - ISOBUTYL - METHYLENE - DI- 
AMINE %e N(C4H,), CH2N(C4H,)2 

(245°-265°) From ‘ tnoxymethylene ’ (formio 
paraldehyde) and di isobutylamme (Ehrenberg, 
J pr [2] 36, 117) — B"H^tCl, [1«8°] Forms 
with CSj a compound CiTHsgNgCSa [54°] 

BUTYL - MUSTARD OIL v Butyl thio- 

OABBIMIDE 

ISO-BUTYL-NAPHTHALENE OhH„ % e 
CioH,(C 4H,) (280°) Prepared together with 
(o-a) and (a 3) dinaphthyl by heating naphthal 
ene and isobutyl chloride in presence of alumi 
mum chloride Colourless oil, very shghtly 
volatile m steam Picric acid compound 
[96°] aggregates of golden needles (Wegscheider, 
M 6, 236) 

ISO-BUTYL NITRATE (123°) 

S G 2 1 038 From AgNO„ urea, and isobutyl 
iodide (Wurtz, A 93, 120 , Chapman a Smith, 
Z 1869, 433) 

ISO-BUTYL NITRITE (CH2)2CH CH2O NO 
(67°) 8 G fi 894 H F p 47,800 H F v 

44,900 {Thr) (Chapman a Smith, Z 1869, 433 , 
Pribram a Handl, M 2, 658 , Bertom a Truffi, 
Q 14,23) 

Tertiary butyl nitrite (CHa),C ONO (63°) 
(B ) , (76°-78°) (T ) S G Q 8914 (B ) Formed 
together with a little of the isomeric nitrobutane 
(110°- 130°) by distilling tertiary butyl iodide 
with silver nitrite (Tscherniak, A 180, 156 , B 
7, 962) Prepared by distilling tertiary butyl 
alcohol (1 mol ) with glyceryl in nitnte (1 mol ) 
(Bertom, O 16, 857) 

BUTYL-PSEUDO NUROLE v Nitboso kitbo« 

■UTAMX. 
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DI^-ISO-BUTYL-DI-PHENYL-UREA 


BITTYL-NITROLIO ACID v Nitbobo nitbo- 

BUTANE 

n-BDTYL-OCTYL-OXIDE 0 
(226 7^) S G § 8069 S V 295 7 C E (0^-10°) 
00097 (Dobriner, A 243, 9) 

ISO-BXTTYL OXALATE v Oxalic acid 
ISO-BXJTYL-OXAMIC ACID 
PrCH^ NILCO CO,H From oxalic ether (1 
mol ) and dry isobutylamine (1 mol ) at 160® 
(Malbot, C 104, 229) -CaA'^ 

Di isobutyl oxanuc acid 

(FrCH^)^N CO CO^H Similarly prepared from 
di ISO butylamme (M ) 

DI-ISO-BUTYL OXAMIDE (FrOH.NH),0202 
[167°] From oxalic ether (1 mol ) and iso 
butylamme (2 mols ) Acute plates, insol boiling 
•wa^er, may be sublimed (Malbot, C B 104,228) 
DI-BFTYL OXIDE (C,HJ,0 Mol w 130 
(141°) S G 784 (Lieben a Rossi, A 165, 
110) , g 7865 S V 197 3 C E (0°-10°) 00109 
(Dobriner, A 243, 8) 

Di isobutyl oxide fl00°-104°) From iso 
butyl iodide and KOC^Hj,, or AgjO (Wurtz, A 
93,117) 

Di see butyl oxide (121°) S G 766 
From aldehyde hydrochloride and ZnEtj (Kessel, 
A 175, 56, B 7, 291) 

p ISO - BUTYL - PHENOL C«H,OH 

[99°] (231°) (S ) , (237°) (L ) 1 From amido 

ISO butyl benzene by the diazo reaction (Studer, 
A 811, 242. B 14, 1474, 2187) —2 From 
phenol (100 g ), isobutyl alcohol (80 g ) and 
ZnCl^ (240 g ) (Liebmann, B 14, 1842 , 15, 150, 
1991 , Dobrzycki, J pr [2] 36, 390) Needles 
(from alcohol) Volatile with steam V sol 
alkalis Gives a pp with bromine water, but 
no colour with FejClj Is antiseptic PCI5 
gives chloro iso butyl benzene, which on oxida 
tion gives p chloro benzoic acid Gives a di 
nitro derivative [93°] Fused with PjOj it gives 
phenol and isobutylene Ammonia and ZnCl, 
give C«H,NH^ (Lloyd, B 20, 1254) 

Methyl ether C^H, C^H^OMe (215 6°) 
SG 937 

Ethyl ether O^^OEt (235°) (S ) , 
(242°) (L ) • 

Benz oyl derivative C^H^CgH^OBz 
[83°] (8), [80°] (Kreysler, B 18, 1717), 

(335°) , (344°) (K ) Vhute plates (from alcohol) 
Acetyl derivative C,H^OAo (245°) 
SG 999 

ISO-BUTYL-PHENOL SULPHONIC ACID 
O4H, OflHg(OH) SO,H From isobutyl phenol 
and ^80. (Liebmann, B 15, 1990) — BaA'j2aq 

ISO-BUTYL -PHENYL -AMINE t; Amido 

PHZNTL BUTANE 

Di isobutyl di phenyl amine 
(0,H4 C4Hg),NH (290°-316°) Thick oil 
Formed together with C4H4(C4flg) NHjby heating 
oxy phenyl isobutane CaH4(C4H9) OH [1 4] with 
ammoniacal ZnBr, (or ZnClj) and NH4Br (or 
NH40n at 820°-330°, the yield is 20-26 pc — 
B'^jOLjPtOlg yellow needles 

Acetyl derivative (O4H4 04Hg)2NAc 
[76°] , guBtemng white plates , si sol water, 
V sol alcohol and benzene (Lloyd, B 20, 1265) 
DI-ISO-BUTYL-DI-PHENYL CYANAMIDB 
♦ e 0(N0*H4 OHjPr)3 Carho di j^hen 
isobutyl tmtde [189°] Formed by boilmg a 
solution of di isobutyl di phenyl thio urea m 
benzene with PbO (Panl, B 17, 1242) Colour 


less crystals Sol hot benzene, si sol ether 
By warm dilute alcohol it is converted mto di- 
isobutyl di phenyl urea With amines it com 
bines to form guanidines Heated with OSj at 
170° it yields isobutyl phenyl-thio carbimide 
ISO-BUTYL-PHEN y LENE-DIAMINE 
C«H,(NH )(NHCH,Pr) [39°] Formed by the 
reduction of p nitroso iso butylanilme (Wacker, 
A 243, 299) Plates (from ether) , can be dis- 
tilled Its chloride forms white plates, v soL 
water, si sol alcohol, insol ether 

DI-p 180-BUTYL-DI-PHENYL-GUANIDINE 
HN C(NH CgH, C4Hg)2 Di phenisobutyl quartAd- 
ine [173°] Formed by heating an alcoholic 
solution of di p isobutyl di phenyl thiourea with 
NHg and lead oxide (Pahl, B 17, 12401 Colour- 
less plates V sol alcohol and l^nzene — 
B'3H2Cl2PtCl4 yellow crystalline pp 
Tn p iso butyl-tn-phenyl-guanidiue 
C4H4 N C(NH C«H4 C^H,)^ Tn-pheniso- 
butyl guanidine [164°] Obtained by digesting 
an alcohohe solution of di p isobutyl di phenyl- 
thiourea with p isobutylphenyl amine and lead 
oxide (P ) Small white needles V sol benzene 
and hot alcohol — B'2H2C4PtCl4 yellow needles 
IS0.BUTYL.PHENYL-(/3)-NAPHTHYL-THI0- 
UREA C,oH, NH CS NH CaH4 Fheniso- 

butyl (0) naphthyl thiourea [152°] Prepared 
by warming an alcoholic solution of (0) naphthyl- 
thio carbimide and isobutylphenyl amine (Main- 
zer, B 16, 2026) White plates Sol boihng 
alcohol By phosphoric acid it is split up mto 
isobutylphenyl thio carbimide, (0) naphthyl - 
thio carbimide, isobutylphenyl amme, and (jS)- 
naphthylamine 

ISO-BUTYLPHENYL - PHENYL - THIOUREA 

V Phenyl isobutylphenyl thioubea. 

TRI-ISO-BUTYLPHENYL-PHOSPHATE 
PO(OCgH4 C4H2 )j (above 400°) Obtained by 
heating isobutyl phenol with POGl, , the yield is 
90 p 0 of the theoretical (Kreysler, B 18, 1700). 
Thick hquid V sol ether, benzene, and warm 
alcohol, b1 sol petroleum-ether 

TETRA-I80-BUTYLPHENYL SILICATE 
Si(OCgH4 C4Hg)4 (c 380°) Obtained by heating 
isobutyl phenol yth S1CI4 , the yield is 70 p c 
of the theoretical (Hertkom, B 18, 1692) Thick 
colourless oil V sol benzene, chloroform, 
CSj, etc 

p ISO-BUTYL-FHENYL-THIOCARBIMIDE 

SC N C,H4(C4H,) Phenisobutyl mustard-oiL 
[42°] (277°) Formed by heating di-p isobutyl- 

di phenyl thiourea with phosphoric acid (Pahl, 
B 17, 1236) Long white needles V sol alcohol 
and ether 

DI-p-ISO BUTYL-DI PHENYL-THIOUREA 

SC(NH CeH4 C.HJa Di-phemsobutyl thiourea, 
[193°] Formed by cohobatmg an alcoholic solu- 
tion of p isobutylphenyl amine with OS, (Pahl, 
B 17, 1236) Fine white needles Sol ether 
and benzene, si sol alcohol, msol water 
DI p ISO BUTYL DI PHENYL UREA 
OC(NH CgHg C4H,),. Dt phenisobtUyl - urea, 
[284°] 

Formation —1 By the action of carbonyl 
chlonde on p isobutylphenyl anune dissolved in 
benzene —2 By cohobatmg an alcoholic solution 
of the thiourea with mercuno oxide (Pahl, B 
17,1240) Colourless needles SoL hot idoohol, 
msol water. 



BUTYL-PHOSPHINE 




ISO.BITTYL PHOSPHIKE C,H,PH, (62°) 
Prepared, together with the following, from iso 
butyl iodide, ZnO, and PH^I at 100° (Hofmann, 
B 6, 296) Resembles ethyl phosphine in pre- 
paration and properties 

Di isobutyl phosphine (C^H^) PH (153°) 

Tri isobutyl phosphine (C^Hb),? (215°) 

From the preceding and isobutyl iodide 
Tetra isobutyl phosphomum iodide 
(C.HJ.PI Crystalhne 

ISO BHTYL PHOSPHINIC ACID C^HbPObH, 
[100°] Paraffin like solid (Hofmann, B 6, 304) 
— A'Ag Amorphous pp 

Di isobutyl - phosphioic acid (C^HJ^PO^H 
Oil — A'Ag Amorphous 

ISOBUTYL PHOSPHITE Dichloride 
C^H„0 PCI2 (156°) S G 5 1 191 A by 
product in the conversion of isobutyl alcohol 
into isobutyl chloride by PCI, (Menschutkin, A 
139, 347) 

DI - ISO - BUTYL -P IN ACONE C,,H,„02 te 
PrCH2CI4CMe(0H)CMe(0H)CH CH^Pr Bi 
oxy-ietra decane Tetra decylene glycol [30°] 
(268°) A product of the action of Na upon 
methyl iso amyl ketone (Rohn, A 190, 305 
Purdie, C J 39, 468) Meedles, insol water 
BUTYL METAPYEAZOLONE v Di oit 

BUTYL MKTAPYIU.ZOL 

(Py 3) ISO-BUTYL - QUINOLINE C„H„N 
,CH CH 

%e I (271°) Colourless oily 

\n = C(C,Hb) 

liquid Formed by distilling its {Py 1) car 
boxylic acid with hme (Doebner, B 20, 280 , A 
242, 282) 

Picric acid compound B'CaHyNsO^ 
[161°] Lemon yellow plates (from alcohol) — 
(B'HChaPtCL Orange red needles (from water) 

(Py 8) ISO-BUTYL QUIN0LINE-(P2^ 1)- 
CARBOXYLIC ACID 

X(CO^) CH 

C„H,,NO, t e, CfiX I Isohutyh 

\Nrr=C(C,HB) 

cxnchontc acid [186°] Formed by the action of 
iBovalenc aldehyde upon pyruvic acid and 
aniline White satiny plates (containing l\aq) 
(Doebner, B 20,279, A 242,r280) — B'HClaq 
plates — i^jHyPtClg.— AgA' 

ISO-BUTYL SILICATE {PrCH,),SiO, (c 258°) 
SG 953 From SiCl* and isobutyl alcohol 
(Cahours, C R 77, 1408) Slowly decomposed 
by water 

BUTYL SULPHATES 
n-Butyl-sulphunc acid Pr CH SO^H 
Salt — BaA'jaq crystalline plates SG ^ 
1 778 (Liebea a. Rossi, A 165, 116 , Clarke, B 
11, 1506) 

Isobutyl iulphunc acid Pr CH^SO,H From 
the alcohol and H^SO, (Wurtz, C R 35, 810) — 
KA' laminas (from alcohol) 

Chloride C^H,.0 SO2CI From isobutyl 
lUcohol and SOjCl, (Behrend, J pr [2j 15, 34) 
Xiiquid. 

n-BUTYl SULPHIDE (C,H,),S Mol w 
:i4tt (182°) 8 G 8 852 , V 8^9 (Saytzeff, A 

171, 268) From butyl iodide and 

Iwbtttyl iulphide (PrCH,),S (171° 1 V) 
S G ^ 836 Formed oy distilling isobutyl sul 
phate with oono aqueous KHS (Beckmann, 
/ pr [2] 17. 445) 


Secondary butyl iulphide (CMeEtH)^S 
(166°) S G 832 Combmes witn Mel (Bey 
mann, B 7, 1288) 

Isobutyl disulphide (CHj,Pr)382 (220°) 

(Spring a Legros, B 15, 1938) 

ISO-BUTYL SULPHOCYANIDE CH^Pr S CN 
(176°) (Reimer, B 3, 767) 

w BUTYL SULPHONE (C^H,LSO [44°] 
From fuming HNO, and (C,H„),S (Grabowsky, 
A 175, 848) 

Di isobutyl sulphone (04H4)2S0 [17°] 

(265° 1 V ) S G 1 006 Di isobutyl sulph 
oxide (100 pts ) is dissolved in water (1000 pts ) 
i and oxidised by KMn04 (63 pts ) dissolved in 
j water (1900 pts ) Excess of peinianganate de 
j stroyed by sodic formiate and the sulphone 
extracted by ether The yield is quantitative 
(Beckmann, J pr [2] 17, 448) 

Properties — White plates Not affected by 
reducing agents 

n BUTYL SULPHOXIDE (C^H.l.SO [32°] 
From HNO, (S G 13) and (Grabow 

sky, A 175,348) 

Di isobutyl sulphoxide (C4 Hb)jSO [69°] 
From di isobutyl sulphide (1 pt ) and (2 pts of) 
HNO3 (SG 14) in the cold Exti acted with 
ether after neutrahsation The yield is quanti- 
tative (Beckmann, J pr [2] 17 446) 

Piopettia — Yellow needles Soluble in 2 
parts of cold water, but separates as an oil on 
warming Readily reduced to di iso butyl sul 
phide 

BUTYL SULPHURIC ACID v Butyl sui.- 

PHATE 

DI-ISO-BUTYL THETINE 

CO3H CHj S(C4 Hb) 2(OH) The hydrobroraide 
18 a syrup formed bv the action of isobutyl sul 
phide on bromo acetic acid at 100° Lead con 
verts it into crystalline C,oH^S0^5PbBr^ and 
C, AoSO 3PbBr2 (Letts, Pr E 28, 588) 

n BUTYL THIO CARBIMIDE CH Pr N CS 
Mol w 115 (167°) lormed by boihng n 

butylamme with CS^ and alcohol Evaporating 
the alcohol and heating the residue with aqueous 
I HgCl^ (Hofmann, B 7, 508) NH, gives butyl 
thio urea [79 °] t 

Isobutyl tluo carbinude CHsPr N CS (162°) 
S G ^ 937 Similarly prepared (H ) NH, 
gives isobutyl thio urea [94°] 

Secondary isobutyl tMo carbimide 
CHMeEtNCS (160°) 8 G 944 Similarly 

prepared It is the essential constituent of the oil 
of scurvy grass or spoon wort (from Cochleana 
officinalis) (Hofmann, Z [2] 6, 400 , B 2, 102) 

I NH, gives butyl thio urea [135°J 

Tertiary butyl thio carbimide CMe, N CS 
[11°] (140°) 8 G 900 (Rudnelf, J B 11, 

179 , B 12, 1023) 

BUTYL THIO CARBONIC ACID t) Tmo 

CABBONIC ACID 

n BUTYL THIOPHENE 04SH,(C4H.) (181°) 
S G 957 Colourless oil Formed by the 
action of sodium on a mixture of lodothiophene 
and butyl bromide (Meyer a Kreis, B 17, 1561) 
BUTYL THIO UREAS The preparation and 
properties of these bodies are analogous to those 
of the correspondmg ethyl thio ureas {q v ) 
n Butyl thio urea CH^Pr NH CS NH^. 
[70°] From butyl thio carbimide and NH, 
(Hofmann, J5 7,612) 

Isobutyl thio urea [94°] (H.). 
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See butyl thlo urea [133°] (H ) 

Tert - butyl tluo urea CMe, NH CS NH2 
[166°] (Eudneff, Bl [2] 33, 300) Pnsms, sol 
alcohol 

Di - tert - butyl thio - urea 8C(NHCMe8)2 
[162°] From tert butyl amine, CSj, and alco 
hoi Formed also by the action of tert butyl 
thiocarbimide on tert butyl amine (Eudneff Bl 
[2] 83, 800) 

m ISO-BCTYL-TOLEENE C«H,(CH,){C,H„) 
[1 8] (187°) (K a B ) , (194°) (R ) , (185°) (E ) 

Methyl isobutyl benzene Colourless liquid 
Occurs in oil of resin (Kelbe a Baur, B 16, 
619, 2559, Eenard, A Ch [0] 1, 250) Pre- 
pared by the action of isobutyl bromide on 
toluene in presence of Al^Br^ (K a B ) Formed 
by diazotiBing methyl isobutyl phenyl amme 
and treating the diazo salt with an excess of 
SnClj (Effront, B 17 2d2^) On oxidation with 
HNO, it first gives m iso butyl benzoic acid and 
finally isophthalic ac?ld (Kelbe a Pfeiffer, B 
19, 1723) • 

p (Iso?) Butyl toluene C„H,(CH8)(C4H„) 
[1 4] (178°) Occurs in oil of resin HNO, 

oxidises it to p toluic acid (Kelbe a Baur, B 
lb, 2562) 

p Isobutyl-toluene (c 105°) Formed by 
heating toluene with isobutvl alcohol and 
ZnClj (Goldschmidt, B 15, 1007) Formed, 
togethei with the m isomeride, by the action 
of i#obutyl bromide on toluene in presence of 
Al^r„ (Kelbe a Pfeiffer, B 19, 1725) HNO, 
oxidises it to p isobutyl benzoic acid 

m ISO-BUTYL-TOLUENE-SUL PHONIC ACID i 


C,H,(CH3)(C,H,)(S0,H) [1 1 c] [76°] Small 
hygroscopic plates Formed by sulphonation of 
m ISO butyl toluene 

Salts — KA'aq large soluble pearly plates 
— NaA'aq needles — CuA'„4aq large blue 
soluble plates — BaA'jaq small plates, si sol 
cold water aifd alcohol — PbA' 3aq pearly plates 
Amide [75°], small plates, soluble in water 
(Kelbe a Baur, B 16, 2560) 

p (Iso?) Butyl-toluene-sulphonio acid 
C,H3(CH,)(C,H„)(S0,H) [l4x] Obtamed by 


sulphonation of p|f8obutyl 
Salts - KA’l^aq 


toluene 

small easily soluble 


plates — NaA'2aq — BaA'jaq small sparingly 


soluble plates — CuA'^aaq easily soluble blue 


crystals — PbA'^Saq small plates, sol hot 


water 


Amide [113°], large pearly plates, si sol 
hot water (Kelbe a Baur, B 16, 2563) 

ISO-BUTYL-o-TOLUIC ACID 


C,H,(CH,)(C,H,)C0 H [1 8 6] [140°] Formed 

by saponification of its nitrile (Effront, B 17, 
2334) White needles V sol alcohol and 
ether, si sol hot water, msol cold water — 
A'Ag colourless plates, v sol hot water 

Nitrile C,H,(CH,)(C,H,)CN [1 3 b] [60°] 
(^248°) Formation —1 By distilling the formyl 
derivative of methyl isobutyl phenyl amine with 
zinc dust. — 2 By heatmg isobutyl tolyl thio 
carbimide with copper powder (E ) Long 
white needles V sol alcohol and ether, si 


sol hot petroleum ether, msol water 

lio-butyl toluio acid CaH(CH,)(0,HB)C02H 
[1 6 6] [182°] Formed by saponificaLon of its 

nitnle (Effront, B 17, 2343) White silvery 
plates V sol alcohol and ether, si sol hot 
water — A'Ag colourless plates, sol hot water 




NitriU C,n /CH3){C,H„)CN [1 5 6] (243°) 
Formation — 1 By distilling the formyl 
denvative of methyl isobutyl phenyl amine with 
zinc dust — 2 By heating isobutyl tolyl thio- 
carbimide with copper powder (Effront, B 17, 
2343) Colourless oil, solidifies on freezing to 
a white crystalline mass V goI alcohol and 
ether 

180BDTYI TOLDIDINE v Methyl isobutyl- 
phenyl AMINE 

BTJTYL-TOLYL-AlilNE v Methyl butyl- 

phenyl AMINE 

ISO-BUTYL-TOLYL-THIOCAEBIMIDE 

C«H3(CHJ(C,H3) NCS [1 3 6] [46°j (275°-280°) 
Formed by the action of phosphoric acid on di- 
isobutyl di tolyl thiourea (Effront, B 17, 2336) 
Long white needles V sol alcohol and ether 
Iso butyl tolyl thio carbimide 
C„H,(CH3)(C,H3)NCS [1 5 6] [44°] (267°) 

Formed by heating di-isobutyl di tolyl thiourea 
with phosphonic acid (Effront, B 17, 2345) 
White crystalline sohd V sol alcohol and 
ether 

DI-ISOBUTYL DI-TOLYL-THIOUEEA 

. 8C(NH CaH,(CH,)(C,H3)[6 1 3]), [184°] 

Formed by digesting methyl isobutyl phenyl- 
amme with CS^ m alcohoho solution (Effront, 
B 17, 2335) Long thin silky needles V soL 
ether, si sol alcohol 

Di isobutyl di tolyl thiourea 
SC(NH C«H3(CH,)(CA)[6 1 5])^ [175°] 

White needles Sol hot alcohol Formed by 
digestmg methyl isobutvl phenyl amine with an 
alcoholic solution of CS^ (Effront, B 17, 2344) 
ISO-BUTYL-UEEA Valeryl derivatiiie 
NH(C,N3) CO NH(CO C,H„) [102°] Flat needles 
bol alcohol and ether, si sol water Formed 
by the action of KOH on a mixture of (2 mols of) 
valeramide (isopropyl acetamide) and (1 mol of) 
bromine (Hofmann, B 15, 758) 

Iso tert di-butyl-urea 

CMe, NH CO NH CHjFr [163°] From tert- 
butyl cyanate and isobutylamine (Brauner, 3 
12, 1875) 

Di-icrU-butyl-urea (CMe3NH)2CO [242°] 
From tert butyl cyanate and tert butylamine (B ) 

ISO BUTYL-^ANTHAMIDE v Thio oabbonio 

ETHERS 

BUTYEAL V Butyric aldehyde 
BUTYEAMIDE v Amide of Butyric acid 
Di-isobutyramide (C^H, CO)2NH [174°] 
Formed by the action of ammonia on isobutyryl 
chloride (Hofmann, B 15, 981) Long needles 
Sublimable Sol alcohol On distillation it 
splits up mto iBobutync acid and isobutyro- 
nitrile 

n BUTYEIC ACID t e 

CH3 CH, CHj CO^H Mol w 88 [0 -3°] 

(162°cor ) S G 9594 (Bnihl) , g 976 (Zander) , 
p 9670, ^ 9588 (Perkin, C I 45) CE (0°-10°) 
00104 (Z ) M M 4 472 at 18 8° (P ) ^4, 1 4025 
E 00 86 50 S V 107 86 (E Schiff, A 220, 105) , 
108 3 (Z ) S H 440 at 0° (Sohiff , A 234, 300) 
Occurrence — 1 Butter contains 2 p c of 
glyceryl butyrate (Chevreul, A Gh [2] 23, 23) 
Eanoid butter contains free n butyric acid (Grun- 
zweig, A 162, 193) —2 In crude wood vinegar — 

3 In perspiration (Schotten, J 1862, 704) — 

4 In muscular juice (Scherer, A 69, 196) — 
6 In the contents of the large intestine — 6 As 
hexyl butyrate m oil got from fruit of Heracleum 
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ffiganteum — 7 The fruit of Pashnaca satwa 
coutams octyl butyrate — 8 In cheese {e g of 
Limburg) (Iljenko, A 63, 268) 

A great many vegetable and animal juices 
and oils contain butyric acid, but in most cases 
it has not been determined whether the acid is 
n 01 %so butyric acid (Gorup Besanez, A 69,369, 
Klinger, A 106, 18 , Kramer, Ar Ph [2] 54, 9 , 
Wagner, J pr 46, 155 , Scherer, A 69, 196 , 
Bebling, Ar Ph [2] 92, 83 , 93, 300) 

Fonnation — 1 A product of the fermentation 
of sugar, starch, milk, fibrin, and most kinds of 
vegetable and animal matter (Pelouze a G^lis, 
A Ch [3] 10, 436, Leroh, A 49, 216 , Bonaparte, 
C R 21,1070, Erdmann a Marchand,J pr 29, 
468, Wurtz, ^ 52,291, bcharlmg, A 49,313, 
Schubert, J pr 33, 256, Sullivan, J 1858, 280, 
Ilitthausen, Z [2J 4, 314) — 2 By fermentation of 
calcium lactate 20,11^0, = C^H^O + 2CO + 2H-> 
3 Along with n butyl alcohol b} the fermentation 
of glycerin through a Schizomj cetes in presence 
of CaCOa (Fitz, B 9, 1348) — 4 By the action of 
CrOg on albuminoids (Guckelberger, A 64, 68) — 
5 By the action of HNO3 on fats (Kedtenbacher, 
A 59, 49) and on Chinese wax (Buckton, C J 

10, 166) — 6 By oxidation of coniine (Bljth, A 
70, 89) — 7 By the aoeto acetic ether synthesis 
(Franklanda Duppa, ^4 138, 218) v Aceto acftic 
ETHEH —8 By passing CO over a mixture of NaOEt 
and NaOAcat 200° C^H^NaO + C^.NaOj + CO = 
CHNaOj + C^H^NaOj (brohlich, A 202, 306) 

Preparation — Sugar (6 kilos), water (26 
litres), and tartaric acid (30 g ) are left for some 
days, after which there is added putrid cheese 
(250 g ), sour skimmed milk (8 kilos ), and chalk 
(3 kilos.) The mixture is kept at 30° to 35° with 
occasional stirring Calcium lactate is first 
formed, and this is afterwards decomposed with 
evolution of hydrogen {v Formation 2) , at the 
end of SIX weeks the evolution of gas ceases and 
the whole is now converted into calcic butyrate 
(Bensch, A 61, 177, cf Grillone, A 165, 127, 
Lieben a Kossi, A 158, 146 , and Fitz, B 

11, 52) Crude butync acid may be purified by 
ethenfication, followed by saponification of the 
butync ether (121 ) (Bannoff, B 19, 2552) 

Properties — Liquid, miscibis with water, of 
powerful unpleasant smell Separated from 
aqueous solution by CaC4- Its barium salt is 
more soluble m alcohol than t) ose of formic, 
acetic, or propionic ac’ds Its calcium salt is 
ppd. by boiling a solution saturated in the cold 

Reactions — 1 Boiled with HNO, it gives 
Buocmic acid (Dessaignes , Erlenmeyer, A 180, 
207) — 2 With CrO, it gives CO^ and acetic acid 
(Grfinzweig a Hecht, B 11, 1053) — 8 With 
MnO. and dilute H^SO^ it gives propyl butyrate 
(Veiel, A 148, 164) — 4 The silver salt decom 
poses on dry distillation according to the equation 
40A CO^ =» 3C,H, CO,H + CO, + C + 4Ag 
(Iwig a Hecht, B 19, 240) —5 Distillation over 
zinc dust at 850° gives di propyl ketone, propyl- 
ene, CO, H, and other products (Jahn, B 18, 
2115) 

Salts -NaA'—KA' S 125 at 16° Very 
deliquescent. — Mg A' oaq Very soluble plates — 
CaA', S 20 at 0° , 18 at 22° , 16 at 60° , 16 2 
at 1(K)° (Chancel a Parmentier, C R 104, 474 , 
Hecht, A 218, 69) Tnmetno needles — 
CaA,aq S 19 6 at 22° — (CaA',)8(0,HA) M 
CaA',CaCL(0,H.OJ, -Ca01,(C,H,0,), 2sq (Lie 


ben, Af 1, 926) — SrA', S 40 at 22° — 
BaA'2 4aq S 40 at 14° S (alcohol) 117 
Trimetnc — BaA'2 2aq — BaA ^C^H^O, (Mixter, 
Am 8, 343) — BaA',2CaA',. Begular ootahedia 
(Fitz, B 13, 1314) ZnA', 2aq S 11 at 16° 
Monoclmic prisms Gives pp of basic salt on boil- 
ing — PbA', oil - PbA 2PbO — PbA,2CaA', 
cubes — CuA', 2aq Monoclmic — r CuA', aq 
Triclmio (Alth, A 91, 17b) — CuA', 2Cu(A80 J, 
(Wdhler, A 94, 44) —AgA' S t43 at 4 (. 
Needles or monoclmic prisms 

Methyl ether (102°) SG ^ 9194 (Gar 
tenmeister, A 233, 249) , f 9194 (Elsasser, A 
218, 314) , 4 948 (Kahlbaum, B 12, 344) , 2° 
8962 (Bruhl) , p 9037 , 8945 (Perkin, G J 

45,483) MM 5 387 at 16 4° (P) 8 V 126 35 

(It Schiff, A 220, 332) 1 3936 (Bruhl) B 

43 11 (B ) C E (0°-10°) 001166 (E ) * 

Ethyl ether — Mol w 116 (121°cor) VI) 
8 99 (for 4 00) (S ) S G I 9004 (Gartenmeistcr) , 
^ 8996 (E ) , -- 898 (Lffmemann a Zotta, A 

161, 178) , 3)' 8892 (B ) 8849 , 8762 (P ) 

MM 6 477 at 16 1° (P) SV 160 23 (S ) 

14007 B 00 60 33 (B) CE (0°-10°) 
001162 (E ) Smells like pine apples, in which 
It occurs as well as m other fruits 

Allyl ether (140°) (Cahours a Hofmann, 
Tr 1857, 655 , A 102, 296) , (145°) (Bertheiot 
a De Luca A 100, 360) 

Propyl ether (143° cor) SG f 8930 
(E ) , 1 879 (Linnemann A 161, 33) G V 

173 85 (S ) C E (0°-10°) 001077 (E ) 

Iso propyl ether (128°) 8G 879, 
13 865 (bilva, A 163, 135) 

n Butyl ether (165° cor) SG ? 8878 
(G ) , ii 876 (Linnemann, A 161, 195) , 2 8S9 , 
32 872 (Lieben a Kossi, A 158, 170) SV 
197 8 (G ) C E (0°-10°) 00105 (G ) 

Iso butyl ether (IS^j (S ) , 167° (E ) 

S G 2 8818 (E ) , 2 880 , 13 866 (Grunzweig, A 

162, 207) S V 197 66 (s ) , 200 Sif* (E ) C E 
(0°-10°) 001093 (E ) VelcKity of bromination 
Urech, B 13, 1693 

n Amyl ether S G § 8832 CE 

(0°-10°) 00099 S V 222 3 (Ga ) 

Iso amyl ether (176?) (Delffs, A 92, 
278), (178 6°) (E) SG J 8823 (E ) SV 
221 52 (E ) C E (0°-10°) 001014 (E ) 

Hexyl ether (205°) bG g 8826 CE 
(0°-10°) 00096 8V 246 4 (Ga) From Hero 
cleum (Franchimont a Zincke, A 163, 198) 
Heptyl ether (226°) SG g 8827 CE 
(0°-10°) 00093 S V 270 2 (Gartenmeister) 
Octyl ether (246°) (B ) , (242°) (G ) 

S G 2 8794 C E (0°-10°) 00091 8 V 295 6 

(G ) From Pastvnaca sativa (Benesse, A 166, 
80) 

Cetyl ether [20°] (0 265°) at 200 

mm S G *2 806 PoUfus, A 181, 285) 
Ethylene ether v Glvool 
Eihylidene ether v Di-hutyryl ortho 
Aldehyde p 106 

Glyceryl ether v Glycebin 
Amide C,H,C0NH2 [115°] (216°) 

Prepared by heating ammonium butyrate under 
pressure at 230° , the yield is 76 p 0 (Chancel, 
A 52, 294 , Buckton a Hofmann, 0 J 9, 241 , 
B 15,982) -Hg(C,H,NO)^ 

AnTZideCjl^CONH(C,HJ [92°] Pearly 
plates (from dilute aldohol) Sol ether Formed 
by heating butyramide, butyric anhydride, or 
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ehloride with aniline (Uerhardt, A Ch [3] 37, 
829 , Kelbe, B 16, 1200) 

Chloride 0,H, 0001 Mol w 106 6 
(101°) S G Y 1 0277 1 4178 R 41 43 

(Bnihl, A 203, 19) From butyric acid (96 pts ) 
and POl, (100 pts ) (Burcker, A Ch [5] 26,468 , 
Linnemann, -4 161,179) Oon verted by sodium 
amalgam into dibutyryl (C,H O)^ A1 Clg forms 
crystalline 0,^H,g0a [107°] ‘ butyro butyryl - 
butyric anhydride ’ NaOH forma 0i2H,9Na04 
(Combes, C R 104, 853) 

Bromide C4H7O Br (128°) (Berthelot, J" 
1857, 844) 

Iodide C4H,0I (147°) (Oahours, A 104, 
111) 

Anhydride 0)^0 (192°) S G ^2 978 
V D 6 38 (obs ) From sodium butyrate (4 pts ) 
and pool, (2 pts ) or B/Cl pts ) (Gerhardt, 
A 87, 165) Also from butyryl chloride and 
butyric acid (Linnemann A 161, 179) Heated 
Vith sodium butyrate 180° it forms di propyl- 
ketone (Perkin, C J 49^325) 

Peroxide (C4H70)202 From butyric an- 
hydride and Bz Oil (Brodie, Pr 12, 655) 
Nitrile Propyl cyanide Mol w 

69 (119°) B G 795 I ormed by distilling 

the amide or ammonium butyrate with P^Oj 
(Dumas, A 64, 334 , Henke, A 106, 272) 

liobutync acid (CH,)^CHCOH Mol w 
88 (153° cor ) 8 G ^ 9539 , 9457 (Perkin, 

C J!F46, 487) , 2,° 9490 (Bruhl) , Q 9651 (Zander) 

0 E (0°-10°) 00110 (Z ) B 20 at 20° M M 
4 479 at 17 8° (P ) S V 108 57 (R Schiff, A 
220, 105) fjiff 1 3979 Rao 35 48 (B ) SH 
435 at 0° (Schiff, A 234, 300) Heat of solution 
973 Heat of neutralisation in dilute solution 
13989 (Gal a Werner, Bl [2] 46, 801) Vapour 
pressure Richardson (C J 49, 766) 

Occurrence — 1 In St John’s bread, the fruit 
of Ceratonia siliqua (Grunzweig, A 158, 117 , 
162, 193) — ^ In the root of Arnica montana 
(Sigel, A 170,345) — 3 Asan ether (isobutyhc?) 
in Roman oil of chamomile (Kopp, A 195, 85 , 
K >big, A 195, 96) — 4 In human excrement 
(Brieger, B 10, 1029) 

Formation — l»From iso propyl cyanide and 
potash (Markownikoff, A 138, 361) — 2 By 
saponifying di methyl aceto acetic ether (Frank- 
land a Duppa, A 138, 337) — 3 Aqueous calcium 
butyrate which had been heated and cooled in a 
sealed tube 80 or 40 times in 10 years was 
found to have changed to the extent of 10 p c 
into calcium isobutyrate (Erlenmeyer, A 181, 
126) — 4 By the oxidation of pyroterebio acid 
(WUhams, B 6, 1094) 

Preparation — By adding K^CrjO, (4 pts ) to 
a cold mixture of isobutyl alcohol (3 pts ), H2SO4 
(6^ pts ) and water (15 pts ) Isobutyl isobutyrate 
separates It is distilled with moist potash, and 
the potassium salt is distilled with strong H^SO, 
(Pierre a Puchot, A Ch [4] 28, 366) 

Prcfperties — Unpleasant smelling liqmd 
Reactions — 1 Oxidised by C 1 O 3 mixture at 
140° to 00„ acetone (Popofl, Z 1871, 4) and 
acetic acid (Erlenmeyer, Z [2] 7, 67) — 2 Ori- 
dised by KMn04 in alkalme solution, to /3-oxy- 
isobutyrio acid, (OH,)jC(OH) CO^, according 
to Richard Meyer’s rule that when the group CH 
is united to three carbon atoms it may be oxi- 
dised to C OH — 3 Calcic isobutyrate on distiU 
iahon gives di isopropyl ketone, with smaller 


quantities of methyl tert butyl ketone, iso- 
butync aldehyde, and isobutyno acid (Barbaglia 
a Gucci, a 11, 84) 

Salts —More soluble than those of n-butyno 
acid — CaA'j aq small plates S (of CaA'j) 20 
atO ,28 at 80°, 25 at 100° — CaA'jSaq long 
monoclinic prisms (Chancel a Parmentier, C R 
104, 477) — SrA'2 6aq S 44 at 17° (hydra 
ted) (Grunzweig) — BaA'j^aq Monoclinic — 
BaA'^HA' [74°] (Mixter, Am 8, 846) — 

BaA'2Ba(C2H,0 jiaaq — ZnA'jaq S (hydrated) 
17 at 20°— PbA'j. S 9 at 16° Tnmetrio 
plates Melts under hot water — AgA' 9 93 
at 16° Plates 

Methyl ether (92°) SG 5 9112 

Elsasser, A 218, 332) C E (0°-10°) 001223 
E) SV 126 5 HF p 109,660 HF v 
116,760 {Th) 

Ethyl ether (110°) SG £ 8904 (E ) , 
P 8758 , ^ 8670 (Perkin, C J 45, 487) M M 
6 479 at 21 8° (P ) C E (0°-10°) 001156 (E ) 

S V 148 86 (E ) , 150 68 (Schiff, A 220, 833) 
Propyl ether (135°) SG £ 8843 (E ) 
CE (0°-10°) 001039 (E) S V 173 7 (E ) , 
174 2 (S ) 

Iso propyl ether (120°) S G ^ 879 
(Pribram a Handl, M 2, 691) 

Iso hutyl ether (146 6°) (E ) , (149°) 
(S ) b G £ 8750 (E ) C E (0°~10°) 000994 
(E ) S V 198 2 (S ) , 196 0 (E ) 

Iso amyl ether (169°) (E ) SG £ 8760 
CE (0°-10°) 001031 SV 223 04 
Benzyl ether v p 493 
Amide [129°] (c 218°) Prepared by 
heating ammonium isobutyrate at 230° under 
pressure , the yield is 90 p c (Hofmann, B 16, 
982 , cf Letts, B 5, 672 , Munch, A 180, 340 , 
and Di iso buttbamhie) 

Bromo amide CgH^ CO NHBr [92°] 
Prepared by the action of bromine and KOH on 
isobutyramide (Hofmann, B 15, 755) Large 
colourless needles, sol ether, si sol water De 
composed by caustic alkalis into propylamine, 
HBr, and CO^, but by carbonated alkahs the reac- 
tion stops h^f way with production of propyl 
cyanate 

Iso propyls- amide PrCONHPr [102°] 
(210°) Formed by the action of acetyl chloride 
on di isopropyl acetoxim (Meyer and Warring- 
ton, C J bl, 685) Also by the action of iso- 
butyryl chloride on isopropylamme Colour- 
less transparent needles v sol alcohol and 
ether, m sol water Sublimes at ordinary tem- 
peratures and distils without decomposition 
i Is decomposed by prolonged boihng wi«h alco- 
holic potash into isobutyno acid and isopro- 
pylamme 

A niZtde CgH^ CO NHCgfij. [103°] From 
isobutyric acid and aniline (Norton, Am. 7, 116) 
Prisms 

p Bromo -anilide C,H, CO NH C^H^Br 
p. 4] [128°] From the preoedmg and Br (N ) 

Chloride C,H,COCl (92°) (Markowm- 
koff, Z 1866, 501) S G V 1 0174 (Bnihl, A 
203, 20) fjifi 1 4186 41 41 (B ) ZnMe, 

(1 mol ) followed by water converts isobutjnryl 
ohlonde into a ketone 0,4H,,0 (190°) S G ^ 
870 (Pawlow, A 188, 189) ZnMe, (2 mols.] 
followed by water forms tertiary butyl aloo 
hoi and sometimes a ketone 0,sH,.0 (218°i 
S G 864 
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Bromxde (117°) 

Anhydride (C,H,0),0 (182°) S G i| 

•9574 (Markownikoff, Z 1866, 501 , TOnnies a. 
Btaub, ^ 17.860) 

i rtZe (CH3)2CHCN (108°) From iso 
propyl iodide, KCN, and alcohol (Markownikofif, 
Bl 1866, 63) From isobutyrio acid and potas 
Slum sulphocyamde (Letts, B 6, 669) 
w-BUTYEIC ALDEHYDE C^H^O t e 
CHjCHjCHjCHO (74°) Mol w 72 S G/ 

Y 8170 (Bruhl) 1 3893 32 93 S 3 7 

Got by distilhng calcium butyrate with calcium 
formate (Linnemann, A 161, 186 , Lipp, A 
211, 365) From casern by oxidation with H^S04 
and MnO, (Guckelberger, A 64, 39) 

Beaction — Aqueous NaOH and NaOAo 
form oily C,H,,0 (173°) It is probably 

Pr CHj CH CEt CHO as it reacts with phenyl 
hydrazine and combines with bromine (Kaupen 
strauch, M 8, 108) 

Ammonia compound 
(CH,)2CH CH(OH) (NHJ 3iaq [31°1 Trimetnc 
pyramids V si sol water, v sol alcohol, m 
eoL ether Dehquesoe above 4°, giving off water 
Bisulphite compound C^H^ONaHSO, 
(Juslin, B 17, 2505 , Kahn, B 18, 3364) 

But^aldmea Dibutyraldme CrH,,NO and 
tetra-butyraldine are formed by the 

protracted action of alcoholic ammonia on 
butyric aldehj^de (Schiff, A 157, 352) Butyral 
dme, on distillation, gives para coniine C HuN 
Butyral C^H^O (?) (95") S G 821 A 
product of distillation of calcic butyrate (Chancel, 
A Ch [3] 12, 146, Lunpncht, A 90, 111 , 
93, 241) Reduces Ag O Does not combine 
with NH, Combines with NaHSOj 

Reactions — 1 Air or Ag O forms butyric 
acid — 2 Chlorine forms C^H^CIO (141°) and 
C4H.CI2O (200°) —3 PClj forms C,H Cl (c 100°) 
Isobut3mc aldehyde (CH,)^CH CHO (64°) 
S G 45 7972 , II 7879 (Perkin, C J 45, 476) , 

Y 7938 (Bruhl, A 203, 18) 8 11 a* 20° 

13777 Boo 32 89 H J’ p 61,340 HFv 

69,310 MM 4 321 at 19 3° 

Formation — 1 From isobutyl alcohol by 
chromic mixture (Pfeiffer, B 5, 699 , Michael 
son, A 133, 182 , Pierre a Puchot, C R 
70, 434) —2 By heating iso butylene bromide, 
(CH,)2CHBr CHBr, with water (20 vols ) at 160° 
(Linnemann a Zotta, A 162, 36) — 3 By dis 
tiUing calcium isobutyrate (Popoff, B 6, 1255 , 
Barbagha a Gucci, B 13, 1672) —4 By dis 
tilling calcium isobutyrate with calcium formate 
(Linnemann a Zotta, A 162, 7) —6 By distil 
ling colophony (Tilden, B 13, 1604) 

Preparation —A mixture of cone aqueous 
K^CtjO, with an equal volume of is 

alowly run into a flask containing iso butyl 
alcohol (100 g ) and water (200 g ) until the 
layer of alcohol has disappeared The product 
iS distilled The yield is 55 pc of the theo- 
retical (W BL Perkin, jun , C. J 43, 91 , cf 
Fossek, M 4, 660) 

Properties — Pungent liquid Forms a com- 
pound with NaHSO, from which it is separated 
by potash without change 

Reactions — 1 By the action of potash (4 g ) 
in alcohol (140 g ) upon the aldehyde (60 g ) the 
following bodies may be obtained , isobutyrio 
acid, an acid CijHjjO, (245°«266°) and an aide 
byde — 2 If more potash (8 g ) and a 


higher temperature be used, the neutral products 
are C,^Oj, C.eH^Oa?, and 

(W H Perkin, jun , C J 43, 101) —3 
Aqueous potash forms an acid CpHijO, [76°-80 ], 
a crystallme body CgHigOa [90°i and di oxy 
octane (Fossek, M 3, 622) — 4 POlj gives chloro- 
isobutylene Me^C CHCl (68°) and di chloro iso 
butane (104°) Me^CH CHClj (Oeconomides, C R 
92, 884) — 6 HaS and aqueous ammonia form 
iBobutyraldine C,aHa,NSa (Pfeiffer, E 6,700). 

6 CSj and cone NHjAq give NHj CS SN(C4Eta), 
[91°] Prisms, insol water, v sol alcohol — 

7 Alcohol and HCl followed by NaOEt form 
di ethyl ortho-is obuty no aldehyde 
CMeaOH CH(OEt)2 (135°) SQ ^ 996, V D. 
143 5, and, when some water is also present, a 
compound C,„H2oO (223°) (Oeconomides, Bl [2] 
86,210, C R 92,886) — 8 Gives with amwoma 
a crystalline compound (C4H9),NeH80 (Lapp, A 
205, 1, 211, 344, B 13, 906, 14, 1746). 

7C,H^CHO + 6NH, - GHTp -h (C,H,CH),NAO 
When the product, ‘o£y hepta iso butyUdene- 
amine* [32°], is heated, it first splits up into 
2NHs, C4H8O and 2(C4Hg),Na The latter is 
hydro butyramide, an oil, nearly insoluble in 
water, v sol alcohol or ether If quickly heated 
It distils at 154°, but if heated slowly it splits 
up into NH3 and Hyd?o butyraniide 

or tri isobutylidene diamine is not affected by 
boiling KOH, but dilute HCL sphts it up into 
butyric aldehyde and NH3 It is, there.ore, 
C4H« N C4H« N C4Hg Dry HCN added to its 
ethereal solution forms the dihydrochloride of 
(Cy C4H8 NH)2C4H8 a body that is decomposed 
by water into isobutvric aldehvde and amido 
Valero nitrile When hydro butyramide is slowly 
heated it does not, like hydro benzamide, change 
into an isomeride, but splits up, giving C^Hj^N 
This compound, * iso butonyl butylidene amine,’ 
IS a liquid (145°-147°) at 716 mm , nearly 
msoluble m water, miscible with* alcohol or 
ether It is not affected by aqueous KOH, 
but acids spht it up into isobutync aldehyde 
and NH, It would thus appear to be 
(CH,)2 CH ch N ch C(CH,) 2, It oombmes with 
Br, forming CgH„NBr,, a bod, that, when kept 
for a long time, and then treated with water, 
gives NH4Br, isobutyrio aldehyde and bromo iso- 
butync aldehyde, or rather a polymeride of the 
latter [129°] If CgH^NBr, be at once treated 
with water, the unstable liquid bromo butyric 
aldehyde is probably formed (Lipp ) 

Oxim CH N(0H) [139°J Colourless 

liquid Sol water Formed by the action of an 
aqueous solution of hydroxylamine on isobutync 
aldehyde (Petraezek, B 15, 2784) 

Description of condensation products, ob- 
tained as above (W H Perkin, jun , C J 43, 90) 
Acid OjaHjjO, (245°-256°) Brownish oil 
Eeduces ammoniacal Ag^O 

Compound (154°-167°) Ofl 

Ethereal odour Beduces ammoniacal AgjO 
Combines slowly with NaHSO, Decomposes on 
piolonged heating Is probably Urech’s 0^,46 
(B 12, 191) With Na and wet ether, it is re- 
duced to (170°-.176°), an alcohol (?) 

which does not combine with NaHSO, 

Compound C,oH„04 (223°-226°) Oil 
Smells of camphor Very slowly combmes with 
NaHSO,, forming needles Beduces ammoniacal 
Ag^O V.D 1^7 (Theory 342). With Ac,0 it 
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fonng C^H„Ao 04 (240°-242®) Oil, which with 
Ac,0 at 200° gives C^oHj^Ac^O^ (248^-252°) 
When saponified by KOH a body C^H4204 
(o 220°) 18 formed 

Compound C2oH4404(260°-253°) Oil VD 
(air =» 1) 12 9 (Theory 13 7) 

Compound (227°-229°) at 100 

mm Thick oil Decomposed when heated under 
atmospheric pressure 

Di-isobn^no di-aldehyde CpHjgOj (138°) at 
18 mm VD 6 2 (calc 5 0) This polymeride 
of isobutyrio aldehyde is obtained, together with 
octenoic aldehyde (?) CgHj^O (150°) by heating 
isobutyrio aldehyde with cone aqueous NaOAc at 
160"' (Fossek, M 2, 622) It is an oil, sol alco 
hoi and ether, forming a crystalline compound 
with NaHSO, 

iBOnbntyrio paraldehyde (C,H,0), [60°] 

(196°) VD (H-1) 104 8 From iso butyr 
aldehyde by H2SO4, HCl, PCI,, Cl, Br, or I (Bar 
bagha, B 6, 1052 , B.'ilOGl , O 16, 430 , Dem- I 
tschenko, B 6, 1176) Needles (from water or by 
sublimation) Difticultly attacked by oxidising 
agents (Urech, B 12, 1749) Does not combine 
with NaHSOj or react with NH, At 150° it par- 
tially changes to ordinary isobutyrio aldehyde 
Iso-butync poly-aldehyde (C4H„0)„ 8 G 

•969 Prepared by leaving isobutyrio aldehyde 
in contact with dry NaoCO, Thick liquid 81 
sol water Decomposed on distillation, with 
sep^ation of water and formation of isobutyrio 
ald^yde and condensation products (Urech, B 
12, 191, 1744 , 13, 483, 690) 

BUTYEIN V Glycerin 
BTTITBO>CHLOBAL v Tri chloeo-butyrio 

ALDEHYDE 

BUTYRO COUMARIC ACID t? Oxy phenyl 

PEN TKNOIC ACID 

BI7TTE0-CREATII1TIO5 v Methyl amido 

BUTYRIC ACID 

BUTYRO-FITRONIC ACID CpH.jO, 

CO^ CH CH CO CH^ CH. CH, CH, CO^H (?) 
[142°] Prepared by treating furfurvaleric acid 
with bromine water and subsequent action of 
silver oxide White crystals Sol water and 
alcohol, si sol ether By HI and P it is reduced 
to azelaic acid (Toennies, B 12, 1200) 

BU TYB O-LACTONE v 7 Oxy butyric Acm 
BP TYR OLIC ACID v Tetrolic acid 
BUTYEONE v Di propyl ketone 
BTTTYBONITRILE v Nitrile of Butyric acid 
BPTYEO-PINACONE C,4H3o02 1 e 
CPr2(OH) CPr5(OH) Di oxy tetradecane [68°] 
(260°) From di propyl ketone, water, and Na 
(Kurtz, A 161, 215) Crystals, smelling of 
camphor, si sol water 

BUTYRO-THIENONE v Thifnyl propyl 

KETONE 

DI-BPTYRYL C,H„0, te PrCOCOPr 
Di-propyl dt ketone (246°- 260°) From butyryl 
chloride and sodium amalgam or zinc (Freund, 
A 118, 86) Yellow oil Boiled vuth potash it 
forms butyrate of potassium and a liquid C7H,40 
which does not unite with NH, or NaHSO, 
Mono-oxxm C,H, CO C(NOH) C,H, thick 
oil, can be distilled m small quantity without 
decomposition A dx-oxvm has not been obtained 
(Munchmeyer, B 19, 1846) 
BUTYRYL-ACETOPHENORE 
O4H4 CO OB[* CO C,H^ Bemoyl methyl propyU 
keUme, (174° at 24 mzDu). S G. 1 061 at 16° 


Colourless oil Formed from acetopheDone and 
butyric ether by EtONa (Beyer a Claiaen, B 
20, 2181) 

Isobutyryl-acetophenone 

CgH, CO CHj CO CjH, Benzoyl methyl iso 
propyl ketone (170° at 26 mm ) Colouiless 
liquid Formed from acetophenone and iso 
butyric ether by EtONa (Beyer a Claisen, B 
20, 2181) 

BUTYRYL AMIDO-BENZOIO ACID 

PrCO NH C,H, CO ;S [209°] From ?t-butyrio 
ether (20 c c ) and m amido benzoic acid (10 g ) 
at 180° in sealed tubes (Pellizzan, A 232, 148) 
Sol w ater and alcohol 

BU TYR YL BROMIDE v Butyric acid 
BUTYRYL CHLORIDE v Butyric acid 
BUTYRYL CYANAMIDE v Cyanamide 
ri-BUTYRYL CYANIDE C,H,NO i e 
PrCOCN (133°-137°) From AgCN and PrCOCl 
(E Moritz, C J 39, 16) 

n Di-bntyryl di cyanide (PrCO)2(CN)2 
(c 234°) By-product in preparation of above 
Iso butyryl cyanide Pr CO CN (117°-120°) 
From PrCOCl (40 g ) and AgCN (60 g) Bad 
yield (E Montz, C J" 39, 13) The greater 
part of the product is di lao butyryl di-cyanide 
(226°-228°) 8 G 96 

BUTYRYL IODIDE v Butyric acid 
BUTYRYL-MALONIC ETHER 
CaH2.CO CH(C02Et)2 (247°-252°) Formedbytho 
action of butyryl chloride upon sodio malonio 
ether By nitrous acid it is converted into iso 
mtroso butyryl acetic ether (Lang, B 20, 1326) 
BUTYRYL PEROXIDE v Butyric acid 
BUTYRYL PROPYL-UREA v Butyryl deri- 
vative of Propyl urea 

BUTYRYL 8ULPH0CYANIDE (180°) Prom 
butyryl chloride and lead sulphocyanide Decom 
poses when boiled (Miquel, A Ch [6] 11, 295) 
BUTYRYL UREA v Urea 
BUXElNE An alkaloid extracted by dilute 
oxalic acid from the bark of the box tree Buxus 
senipcrvirens Yellowish-whito crystalline sub 
stance, sol alcohol and ether, si sol water 
HNOg gives a greenish yellow colouration turn- 
ing brick red gives a blood red colour 

Chromic acid mixture gives an orange pp 
(Alessandn, O 12, 96) It is perhaps identical 
with buxine Barbaglia finds four alkaloids in 
the leaves and twigs of the box buxine, para- 
buxine, buxidme, and buxmidme {O 13, 249 , 
B 17, 2656) 

BUXINE C,8H2,N03(?) An alkaloid extracted 
by dilute oxalic acid from the leaves of the box 
tree White crystalline substance, sol alcohol 
and ether, si sol water HNOg gives a purple- 
red colouration H 80^ gives a brick red colour 
Chromic acid mixture gives a canary yellow pp 
(Alessandn, O 12, 96 , Barbaglia, B 4, 767 , 
Faur6, J Ph 16,428, Couerbe,J Ph 1854,61) 
Accor^ng to Walz {J 1860, 648) buxme is 
identical with bebeerine {q v) 

Parabuxiue Cj^^gNjO (?) An alkaloid oc- 
curring m both leaves and bark of the box 
tree It is a reddish purple amorphous resin, 
sol water and alcohol, insol ether HNO, 
gives a permanent greenish yellow colouration 
H2SO4 gives a greenish yellow colour becommg 
dark Chromic acid mixture gives no pp — 
B"H2S04 — B"2HC1 — B"H,PtCl, (Pavesi a. Eo- 
tondi, Q 4, 192 , Alessandn). 
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CACAO V Thbobbominb 
CACODYL V p 318 

CACOSTEYCHNINE A product 

of the action of HNOg on strychnine (q v ) 
Golden needles (from dilute HNO3) or hexagonal 
plates (from cone HClAq) SI sol most 
menstrua, sol alkalis, forming rod solutions — 
B'-H^PtCla (Claus a Glassner, B 14, 773) 

CACOTHELINE A product of 

the action of HNO3 on brucine {q v ) Orange 
laminae (containing aq) Weak base , sol 
alkalis, V si sol hot water, insol alcohol and 
ether — B'BaO 7aq — B'oHjPtCla (Strecker, A 
91,76, G R 39, 62, Rosengarten, A 65,111, 
Claus a Rdhre, B 14, 765) 

CADAVERIC ALKALOIDS v Ptomaines 
CADET’S FUMING LIQUID v p 318 
CADMIUM Cd At w 1117 Mol w 
111 7 , gaseous molecule is monatomic [320^] 
(Person, A Ch [3J 27, 250 , Kudberg, P 71, 
460, V Riemsdyk, C N 20,32) (763''-772°) 

Camelley a. Williams, C J 33, 284) S G 
molten) 8 65, (hammered) 8 8 (Stromeyer, S 
22, 362, Schroder, P 106, 226, 107, 113, 
Matthiessen, P 110, 21, Ac ) V D 65 8 
(Deville a. Troost, C R 52, 920) S H (0^-100^) 
0548 (Bunsen, P 141, 1), 0567 (Regnault, 
A Ch [3] 26, 268) CE (linear, 0^-100°) 
003323 , (cubical for 1°) 000094 (Kopp, A 81, 
32 , Matthiessen, P 130, 50 , 1 izeau, C R 
68,1125) TC (Ag«100) 20 06 (Lorenz, W 
13,422) EC (Hg at 0^ = 1) at 0°, 13 46, at 
100®, 9 6 (Lorenz, W 13, 422 a 582) Heat of 
fusion 13,660 (Person, P 76, 42b) S V S abt 
12 8 Emission spectrum characterised by lines 
3609 6, 3466 4. 2747 7, 2572 2, 2313 6, 2288 9 
(Hartley, T 1884 63) 

Cd was discovered by Stromeyer m 1817 m 
a specimen of zinc carbonate {S 21, 297 , 22, 
862 , V also Hermann, G A 59, 95) The 
jx&me cadmium was derived from cadmia fossilis 
by which name zinc ore was then known 

Occurrence — With Zn in various native sul- 
phides, carbonates, and silicates, especially in 
the Silesian zinc ores {v Damour, J pr 13, 
354, Stadler, J pr 91, 359, Blum, J 1858 
734 , Bunsen, A 133, 108) CdS occurs nearly 
pure as Oreenockite at Bishopton m Renfrew 
shire 

Formation — In the distillation of crude zinc 
oxide with charcoal , the greater part of the Cd 
distils over before the Zn 

Preparation — ZnO containing CdO, or 
metalhc Zn containing Cd, is dissolved in dilute 
HjSO^Aq or HClAq , the warm solution is satura- 
ted with H^S , the CdS thoroughly washed and 
dissolved in cone HClAq , most of the free HCl 
IS removed by warming, the solution is diluted 
and filtered, and an excess of (NHJjCO, is added , 
the pp of CdCO, is well washed, dried, and 
strongly heated , the CdO thus produced is 
mixed with « of its weight of pure powdered 
charcoal and heated m a retort of hard-^lass or 
porcelam when pure Cd distils over (Stromeyer, 

a 22, 862) 

Pnyperinu — ^White with slight blue tinge , 
very lustrous , soft, bat harder than zmo , very 


malleable, ductile, and flexible , more tenacious 
than tin , crystallises easily in monometno 
forms, chiefly the octahedron (v Kammerer, B 
7, 1724 , also G Rose, P 85, 293) Vapour is 
yellow Cd does not decompose water even at 
100°, but if Cd vapour and steanjj are passed 
through a hot tube the steam is decomposed 
(Regnault, A Ch 62, 351) Cd oxidises slowly 
on the surface by exposure to air , when heated 
in air it burns to CdO The atomic weight of 
Cd has been determined (1) by finding the V D 
of, and by analysing, CdBr^ (Meyer, B 12, 1292 , 
Dumas A Ch [3] 55, 158, Huntington, P Am A 
17, 28) , analyses of CdC^O^ (Lenssen^ J pr 
79, 281) , reduction of CdSO^ to CdS (v Hauer, 
G C 1857 897) , analyses of CdO (Stromeyer, 
S 22, 366) , (2) by deterrqining the S H of Cd 
(Bunsen, P 141, 1 , Renault, A Ch [3] 26, 
268) , (3) by comparing, as regards crystalline 
form and general reactions, salts of Cd with salts 
of Zn, Be, Mg and Hg In the gaseous mole 
cule CdBr2 (this is the only compound of Cd 
whose V D has been determined) the atom of 
Cd 18 divalent The gaseous molecule of Cd 10 
monatomic Cd is a distinctly metallic element , 
it acts on HClAq, H^SO^Aq, &n , evolving H and 
forming salts of the form CdXj where Cl^, 
Brj, SO4, CO3, Ac , many of these salts comoine 
with the similar salts of the more positive 
metals (K, Ca, Mg, Ac ) to form double salts , 
but few basic salts of Cd are known, the most 
marked are derived from such weak acids as 
H^CrO,, HsBOj, Ac No compound of Od 
exhibits any acidic functions CdO^H^ acts to- 
wards acids as a salt forming hydroxide , its 
heat of neutralisation by H^SOiAq is about the 
same as that of the corresponding hydroxide of 
Mn, Ni, Co, Fe, or Zn, [CdO^H^Aq, H^SO'Aq]- 
23,824 {v Th I, 339 a 436) CdOft is do- 
hydrated by heat , the oxide CdO is not converted 
to CdO H-, by direct addition of H^O Cadmium 
18 closely related to Zn, it is less positive than 
that metal , it is also related 10 Mg on one hand 
and to Hg on the other (u Magnesium geodp of 
elements) 

Reactions — 1 Heated m atr, or O, CdO i« 
produced — 2 Heated nearly to redness in 
bromine, CdBr^ is formed —3 Aqueous solu 
tions of hydrochloric, sulphuric, or nitric, acids 
are decomposed by Cd with formation of chloride, 
sulphate, or nitrate of the metal — 4 Heated 
with SO^Aq to 200° CdS is formed (Geittner, 
A 129, 854) , possibly sulphite and thiosulphate 
are first formed {v Schweitzer, C N 23, 293 , 
Fordos a G61ia, A 60, 260) 

Combinations — Most compounds of Cd are 
formed from the oxide or other salt Cd com- 
bines directly with the elements O, Cl, Br, I, P, 
S, Se, Te, and with many metals (u Cadmium, 
OXIDE OF, Ac , and Cadmium, allots op) 

Detection and Estimation — Formation of 
the yellow sulphide, CdS, insoluble m dilute 
HClAq and also in solution of ammonium sul- 
phide, oharaotenses Cd salts Od is usually 
estimated by ppn as CdCO. (by E^COyAq), the 
pp 18 strongly heated, and the CdO is weighed 
Separation from other metala may be effeotei 
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l)y repeated ppn by H^S, and solution of CdS 
in oono HGlAq Cd may be ppd as oxalate , 
on this fact is founded a yolumetrio method of 
estimation 

Cadmium, Alloys of Usually prepared 
by molting the metals together Several are cha 
racterised by low melting points An amalgam 
with Hg 18 formed at ordinary temperatures 
by dissolving Cd in warm Hg, and pressing, a 
crystalline amalgam, having the composition 
HgiCdj, andr S G 12 62, is formed , by com 
pletely saturating Hg with Cd, octahedral 
crystals of HgjCd melting at 75°, are produced 
(Gaugain, C R 42, 430 , Eegnauld, C R 61, 
779 , Crookewitt, J pr 102, 65 a 129 , Kopp, 
A 40, 186) Easily fusible alloys with Bi 
agreeing in composition with the formulro BiCdj, 
BiOdg, and BiCd, are known (^Matthiessen, P 
110, 21) Various alloys of Cd with (1) Bi and 
Pb, (2) Bi, Pb and Sn, (3) Bi and Sn, are also 
known ( [1] Wood, D ^ J 164, 108 , v Hauer, 
J pr 94, 436 [2] Lipowitz, D P J 158, 376 

[3] Wood, Ic) Alloys Vith Pb (Wood, C N G, 
135) , Na (Sonnenschein, J pr 67, 169) , Tl, and 
with T1 and Bi (Carstanjen, J pr 102,65 a 129), 
and Sn (Eudberg, J 1847, 71), have been de 
scribed An arsenide, AsCdj, is said to be 
obtained as a faintly red coloured alloy, S G 
6 26, by reducing the arsenate by KCN (Descamps, 
C R 86, 1022 a 1065) 

Cadmium, Arsenates ot Cd3(AsOj2 3H O, 
and ^Cd5H^(AsO 4H3O , v ajisenates, under 
Arsenic, acids of 

Cadmium, Arsenide of. Cd^As v Cadmium, 
Alloys of 

Cadmium, Bromide of CdBrj Mol w 271 2 
[570°] (Carnelley, C J 33, 278) (806°-812^ 

(CarneUey a Wilhams, C J 37, 126) S G ^ 

4 794 (Clarke, Am 6 No 4) HE [Cd.Br*] - 
75,200 , [Cd,Br ,Aq] = 75,640 (Thomsen) 

PreparaiMu — By heating Cd to redness in 
Br vapour , or by dissolving CdCO, m HBrAq 
and subliming 

Properties and Reactions — White, crystal- 
line, non hygroscopic, sohd , soluble in water, 
ether, and alcohcd, decomposed by HNO,Aq 
(Bodeker a Giesecke, J 1860 17 , Croft, P M 
[3] 21, 355, Berthemot, A Ch 44, 387, Earn 
inelsberg, A 44, 267) 

Combinations — Dissolved m HjO, and 
evaporated, yields long white needles of 
CdBr3 4H^O, these are dehydrated at 200° 
[CdBr ,4H^O] - 7,780 (Thomsen) CdBr^Aq 
and KBrAq mixed and evaporated yield 
2CdBr2 2KBr H O, and on further evaporation 
CdBr 4KBr The double salts 
2CdBr2 2NaBr 6H 0, and CdBr^ BaBr^ 4H O, 
have also been obtained (v Hauer, J pr 64, 
477 , 69, 121 Croft, J pr GS 399) CdBr* 
absorbs NH, to form CdBr2 4NH3, all NH, is 
removed by heat Cone CdBr^q saturated 
with NH,, and evaporated, gives crystals of 
CdBr 2NH, (Croft, P M [3] 21, 355, Earn 
melsberg, A 44, 267) 

Cadmium, Chloride of CdCl2 Mol w un- 
known , probably as represented by formula 
CdCV [641°] (Carnelley, C J 33, 279) (861°- 
964°f (parnelley a Williams, C J 85, 564) 

5 O ^ 3 656 (Clarke, Am 6, No 4) S (20°) 
140, (W) 160 (Kremarg,P 103,67 . 104,133, 


105, 360) HP. [Cd,Cl»}«93,240, [Cd,CP,Aq] 
■*96,260 (Thomsen) 

Preparation — By dissolving Cd in HClAq 
and heating to low redness the crystals of 
CdCl^ 2H2O which separate on evaporation 

Properties and Reactions — Pearly, lustrous 
plates, white powder after exposure to air for 
some time S (20°-100°) abt 140 (Kremers, P 
103, 57 , 104, 133) Insoluble in cono HClAq 
Combinations — 1 With water to form 
eflGlorescent prisms of CdClg 2H2O , [CdCl*,2H^O] 
*=2,250 (Thomsen) , best obtained by dissolving 
Cd, CdO, or CdCO, in HClAq, evaporating, and 
crystallising —2 With hydrochloric acid and 
water to form CdCl2 2HC1 7H2O obtained by 
passing HCl into CdCl Aq , easily decomposed m 
air with evolution of HCl , [CdCl ,2HCi.7H^O] - 
40,200 (Berthelot, C R 91, 1024) —3 With 
ammonia^ to form CdClj 6NH, and CdCL, 2NHj 
CdCla 6NH, is obtained by passing NH3 over 
CdCl2,or by passing HCl mto CdCIA*! containing 
excess of NH, until the NHg is partly neutral 
ised Loses 4NH3 by exposure to air, leaving 
CdCl 2NH, , this compound IS also produced by 
exposing to air a solution of CdClj in excess of 
warm NHgAq (Croft, P M [3] 21, 65 , Schuler, 
A 87, 34 , V Hauer, J pr 64, 477 , v also 
Andr6, C B 104,908) — 4 With various 
chlorides to form double salts These aalts have 
been prepared chiefly by Croft (P M [3] 21, 65), 
and V Hauer {J pr 63, 432 , 64, 477 , 66, 176 , 
69, 121) , their crystalline forms, and the thermal 
conductivities of some of them, have been de- 
termined by Grailich {J 1868 182), and v Lang 
(P 135, 29) These double compounds are ob 
tamed by evaporating mixed solutions of the 
two chlorides , the chief are — 

2CdCl2 2NH,C1 H2O , CdClg BaCl, 4H2O , 
CdClj 4NH,C1 , 2CdCl2PaCl2 6H2O , 

2CdCL> 2KC1 H20 , 2CdCl2 SrCl2 7H2O , 
CdCl^ 4KC1 , 2CdCl2.CaCl2 7H O , 

CdCl, 2NaCl 3H,0 , CdClg 2CaCl2 12H2O . 

CdCl2 2MgCi2 I2H2O , 
CdCl^ MCI2 12H2O 
when M == Co, Fe, Mg Mn, or Ni , 
CdCl, CuCl, 4H2O 

• 

5 With the hydrochlorides of many organic 
bases to form double salts, eg with toluidme 
4(C H^N HCl) 3CdCl2 2H O (Williams, C C 
1856 47 , Galletly, C C 1856 606) 

Cadmium, Cyanide of Cd(CN) Prepared 
by evaporating KCNAq with CdClA^ (1^ 

CVANIDFS) 

Cadmium, Fluonde of CdF, Mol w un 
known , probably as represented by formula 
[520°] (Carnelley, C J 33, 280) S G ~ 6 991 
(Clarke, Arn 5, No 4) Hard, white, crystalline 
mass , by evaporating solution of CdO in 
HFAq, not easily soluble in water, much 
more soluble m HFAq (Berzelius, P 1, 26) 
By dissolving CdO and oxide of Sn, Zr, or 
Mo in HFAq, and evaporating, the double com- 
pounds CdF, SnF, 6H2O, 2CdF2 ZrF^ 6H2O, and 
CdF, 2ZrF^ OH^O, were obtained by Marignao 
{Ann M [5] 16, 221 , A Ch [3] 60, 267) , and 
the double compound CdF^MoO jP, 61^0 by 
Delafontaine {J 1867 236) 

Cadmium, Hydrated oxidt of, Cd0.H,0 9* 
next article 
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Cadmium, Hydroxide of, CdO^H, A white, 
amorphous solid, obtained by adding KOHAq 
to a dilute aqueous solution of a Cd salt, wash 
infe, with warm water, and drying at 100°- 200° 
(Schaffner, A 51, 168) According to Nickl^s 
(J Ph [3] 12, 406) CdO^Ho is obtained in crys 
tals by keeping Cd in contact with Fe m 
NHjAq De Schulten (C R 102, 72) describes 
the formation of hexagonal crystals of CdO^H^, 
g Q. 160 4 jjy dissolving 10 grams Cdia m 150 
c c HjO mixed with 360 grams KOH contain 
mg 13 p c H2O, heating till all is dissolved, and 
cooling Thomsen gives the thermal value 
[Cd,0,H^O] = 65,680 , and the following values 
for the heat of neutralisation of solid CdO_jH^ 
(Th 3, 285) 

Q [M,QAq] M = Cd0^2 

H,SO« 24,200 

20,620 

H,S 0. 20,360 

H Cl, 20,200 

H^r, 21,560 

H2I2 24,210 

The quantity of heat produced with the three 
haloid acids increases as the atomic weight of 
the halogen increases , in this respect CdO JI-> 
18 analogous to the corresponding compounds of 
Hg and Fb, and differs from those of Ba, Ca, Sr, 
and Mg CdO loses HoO at 300° (H Bose, 
P 20, 152) , CdO 18 not hydrated by contact with 
H^O, according to the thermal values given by 
Thomsen {Th 3, 285, and P 143, 364 a 407) the 
reaction CdO + H 0 = CdO would require the 
expenditure of about 10,000 units of heat 

Cadmium, Iodide of Cdl^ Mol w on 
known, but probably as represented by the 
formula [404°] (Carnellej, C J 33, 278) 
(708°-719°, with decomposition) (Carnelle}^ a 
Williams, C J 37, 126) S G 6 644, and 

4 626 {v Preparation a Properties) H I 
[Cd,I^ = 48,830 , [Cd,I ,Aq] = 47,870 (Thomsen) 

= (1+ 000087480, t not greater than 40° 

(Fizeau, C B 64, 314) S (20^ 92 6, (60°) 
107 6 , (100°) 133 3 (Kremers, P 103, 57 , 104, 
133 , 111, 60) 

Preparation and Properties —1 By heating 
together Cd and I, in the ratio Od I^, m absence 
of air — 2 By digesting together Cd and I under 
water (Stromeyer, S 22, 362) — 3 B\ c\apora 
ting a solution of 20 parts KI and 15 part‘d CdbO^ 
to dryness, dissolving in alcohol, and crystalli- 
sing (Vogel, N B P 12, 393) — 4 B> dissolving 
CdCO, in HIAq, decolourising by addition of 
clippmgs of Cd, and crystallising (Clarke, Am 
6, No 4) — 6 By dissolving Cd in HIAq, evapo 
rating, and crystalhsing (Clarke, Ic) Accord- 
ing to Clarke (Z c ) Cdl, exists in two forms , the 
normal salt is white, is unchanged by heating 
to 250°, and has S G 5 644 , the other salt is 
brownish, loses weight even at 40°, and has 
8 G 4 626 The conditions under which the 
less stable salt is formed have not yet been 
exactly determined , Clarke obtained it twice, 
by the action of HIAq on Cd and on CdCO, 
The SG of the less stable salt increases by 
heating to 60° for some time If the formula 
weight Cdlj IS divided by the S G , the results 
are for the stabler salt 64 8, and the less 
stable salt 792, now SYS of Cd + S VS of 
1^~64 3 (Clarke, Zc) 


Combinations — 1 Witti ammonia to form 
CdIg 6NH, and Cdlj 2NH8 » obtained as the 
correspondmg CdClj compounds (j v ) both are 
decomposed by HjO with ppn of CdO^IL, (Ram 
melsberg, P 48, 153) — 2 With some metallic 
iodides to form double salts, Croft {J pr 68, 
399) described Cdlj 2KI 2H3O (aqueous solution 
of this salt pps most of the organic bases 
from plants , Marm6, N B P 16, 806) , 
CdL, 2NH J 2H2O , Cdl^ 2N8 t GH,0 , 

Cdl, Balj 5H2O , and Cdl^ Srl^ 8H,0 Clarke 
{Am 5, No 4) obtained Cdlj SHglj as gold 
coloured plates 

Cadmium, Oxide of CdO Mol w unknown 
S G (amorphous) 6 95, (crystalline) 8 11 (Stro 
mejer, S 22, 362 , Werther, J pr 55, 118 , 
Schuler, A 87, 34 , Sidot, C R 69, 201 , Fol 
lenius, Pr 13,279) HF [CdO] -75,500 (cal 
oulated from data given by Thomsen, Th 3, 
285 , P 143, 354 a 497) 

Preparation — As a d rk browm, amorphous, 
infusible, powder, by buming Cd m air or O , 
or by strongly heating CdO^H^, or CdCOg As 
black brown verj small octahedra (or otln r 
forms of the monometric system), by strongly 
heating Cd 2NO, or CdbO^ (Werther, Zc , Schu 
ler, Z c , Herapath, B J 3, 109) 

Properties dc — Reduced to Cd by heating 
with C At red heat Cl forms CdClj 
Readily combines with CO forming CdCO, 
Dissolves in aqueous acid with production of 
Cd salts Thomsen (P 143,354 a 497) givts 
the thermal values [CdO H SO'Aqj =- 14 240 
for crystallme CdO, and 14,510 for amorphous 
CdO 

Marchand (P 38 145) supposed that a 
lower oxide than CdO was formed when CdC/), 
was heated, but VogoPs experiments {J 1855 
390) seem to prove that the Bubstance was a 
mixture, m varying proportions, of CdO and 
Cd 

By the action of H^OAq (about 3 p 0 H^OJ 
on moist CdO^Hj, Haas {B 17, 2249) obtained 
an oxide of Cd containing more 0 than CdO 
Analyses gave results agreeing fairly with tho 
formula OdjO^, in one case with Cd^O^ These 
results were confirmed bj Bailey (C J 49, 484) 
who obtained CdjOj by the action of H^O^q 
CdSO^Aq followed by addition of NHgAq Tho 
pp obtained by these methods may have been 
a mixture, or possibly a loose compound, of 
CdO and CdO^ {v Haas, Z c 2255) 

Cadmium, Phosphides of Cd and P are said 
to combine when healed together to form a 
grey, slightly metal like, mass, which burns in 
air to phosphates, and dissolves in HClAq witli 
evolution of PH3 (Stromeyer, S 22, 362) 
According to B Renault (C R 76, 283) when 
P vapour IB passed over hot Cd, two phosphides 
are formed, CdjPj and Cd^ Oppenheira {B 0, 
979) describes Cd,Pj as a grey, metal like, crys 
talline substance, produced by heating CdO 
with KOHAq and P, and heating m H 

Cadmium, Salts of Compounds obtamed by 
replacing the H of acids by Cd The Cd salts 
form one senes CdX^, when Xj-Clj, (NO,)^, 
(C10,)j, SO,, CO„ HPO„ (fee The V D of one 
salt, CdBrj, has been determined, from this 
result, and from the smiilanties between the 
salts of Cd and Zn, it is probable that the 
gaseous molecules of the haloid Cd salts are 
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oorrectly represented by the formula CdXj where 
X -sF, 01, Br, or I The greater number of the 
Balts of Cd are soluble in water , the aqueous 
solutions redden blue litmus paper , they are 
poisonous The haloid salts are not decom 
posed by heat , salts of volatilisable acids give 
CdO when strongly heated Many Cd salts are 
isomorphous with corresponding salts of Zn , 
borne, especially more complex double salts, are 
isomorphousawith corresponding salts of Mg, 
Ni, Co, and Zn A great many double salts 
containing CdX2(X = Cl,Br,I) are known , but 
few basic salts of Cd have been prepared The 
principal Cd salts are borate , bromate , car 
bonates , chlorate^ perchlorate, chromate, 
cyanates, &c , wdate^ periodate , molybdate , 
nitrates, nitrites , phosphates, phosphite , sele 
nates, ^Icnitc , sulphates, sulphite, &c , tung 
state , vanadate v Borates, Carbonates, Ac 

Cadmium, Selenide of CdSo Golden yellow, 
metal like, crystalline, ^ass, by heating Cd in 
Se vapour , S G 8 79 |6tromeyer, S 22, d62) 
The same body is said to be formed as a dark- 
brown pp by passing H So into solution of a 
Cd salt (Vigier, Bl 1861 5 , lienault, C B 76, 
?SS) 

Cadmium Silicofluonde of CdSiFg Long, 
columnar, deliquescent crystals, obtained by 
action of HjSiFflAq on CdO (Berzelius, P 
1 . 26) • 

Cadmium, Sulphide of CdS Occurs native 
in hexagonal prisma (ac = l 81257) as Green 
ockite Obtained as an amorphous yellow solid, 
by repeatedly heating to dull redness CdbO^ in 
H-S (v Hauer, J pr 72, 338) , by passing H S 
into a slightly acid solution of a Cd salt , by 
heating Cd with SO Aq (Geitner, A 87, 34 , 
lordos a G61is, A 50, 200 Schweitzer, C JV 
23, 293) Obtained also m crystalline form by 
fusing the amorphous CdS with KXOj and S 
(SchiBer, A *87, 34) , by heating CdClg in H S , 
or by melting together CdSO^, CaFj, and BaS 
(Fioost a Devillc, C B 52, 920) CdS is also 
produced in crystals, but in small quantity, by 
jiabsing S vapour over strongly heated CdO, or 
Cd (Bollenius, Fr* 13, 411, Sidot, C B (j2 
O'lO) Ci^stallme CdS is nonvolatile at any 
temperature , it dissolves easily in boiling cone 
HClAq, or dilute H^bO^Aq (Follenius, Ic , 
Hofmann A 115, 286) , S G 4 5, when melted 
4 6 Schitf {A 115 74) described CdSj as a 
yellow powder obtained by the action of K S^Aq 
on a neutral Cd salt in solution , according to 
Follemus {Fr 13 411) this yellow solid is a 
mixture of CdS and S 

Cadmium, Sulphocyanide of Cd(CNS)2 Ob 
tamed by action of HCNSAq on CdCO*, v 

BULPHOCY/J^IDES, Under CVAMDES 

Cadmium, Telluride of CdTe Black crys 
tals, S G 6 20, by heating Cd with Te, and 
subliming the product in H (Margottet, C B 
85, 1142) M M P M 

CADMIITM ETHIDE CdEt, Obtained in 
impure condition from EtI and Cd Takes fire 
in air (Wanklyn, 0 J” 9, 193, Sonnenschein, 
J pr 67, 169) 

C2ESIUM Cs At w 132 7 [26°-27°] 

(Setterberg, A 211, 100) S G 1 88 (Setter 
berg, Z c ) S V S 70 7 Discovered by Bunsen 
and Kiichoff as chloride in the water of a 
mineral spring at Ddrkheim (P 113, 342) 

VoL L 


Name given because element characterised by 
two sky blue {ccesius) lines in the spectrum 
Occurrence —Never free Salts very widely 
distributed, but in very small quantities, along 
with Kb, chiefly as chloride and oxide , m many 
minerals and mineral waters, in sea water and 
sea weed, in residues from saltpetre refining, 
in ash of tobacco, tea, coffee, and oak wood, &c 
{v especially Laspeyres, A 134, 349 , 138, 326 
also Smith, Am S [2J 49, 335 , Erdmann, J pr 
86, 377 , Grandeau, C B 63, 1100 , Loiistadt, 
C N 22, 26 a 44) The rare mineral PolluXt 
from Elba, according to analyses by Pisani, 
contains 34 p c Cs oxide combmed with silica, 
and 19 free from Kb {A 132, 31) 

Preparation —1 The mother liquor, obtained 
by repeatedly evaporating the water of the mine- 
ral spring at Nanheim, and separating from the 
crystals which form, contains nearly 5 p c CsCl 
Fe, Al, and the alkaline earth metals, are 
removed in the usual way , the liquid is evapo 
rated, and heated to volatilise ammonium ralta 
added in the preceding processes , the residue is 
dissolved m water and the Cs and Kb are ppd 
as double chlorides of Cs, or Kb, and Pt, by 
addition of PtCl^Aq The pp is boiled in 
a lenj little water, and allowed to settle, the 
water is poured off while still liot , this process 
IS repeated about 20 times, when the pp will 
be quite free from K PtCl„ and will consist of 
Cs PtCl„ mixed with Kb^PtClfl The pp is now 
reduced m H, CsCl and KbCl are dissolved out 
in boiling H^O (Bottger, J pr 91, 126) The 
mixed chlorides are converted into sulphates, 
these are dissolved in H O, BaOAq is added, 
BaSOi IS removed by filtration, and the hitrate 
IS evaporated to dryness in a silver dish after 
addition of (NHj)CO, , the residue is dried, 
dissolved in water, BaCO, removed by filtration, 
and twice as much C^H^Og is added as la 
required to neutralise the solution of CSjCO, and 
KbjCO, , the liquid IS evaporated at 100° and 
crystallised , the pp consists of CsH C^H^Og 
mixed with KbH C^H^Og As the latter salt 
requires 8 times as much HgO as the former for 
solution, the two salts may be completelv 
separated by fraational precipitation , this pro 
cess 18 continued until the crystals of Cs 
tartrate do not show a trace of Kb in the 
spectroscope (Bunsen, P 119, 1 , Allen, P M 
[4] 25, 189) By heating the tartrate, and 
dissolving the residue in BL^SO^Aq, and crystal- 
lising, Cs SO4 may be prepared , this is dissolved 
m Hp, decomposed by BaOAq, and the solution la 
filtered and evaporated to dryness in a silver dish, 
when CsOH is obtained The CsOHis dissolved 
in absolute alcohol, and dry HCN is passed into 
this solution CsCN is thus obtained as a white 
solid (Setterberg, A 211, 100) A mixture of 4 
parts CsCN and 1 part Ba(CN)2is heated just to 
melting in a porcelain crucible, and an electrio 
current from 2 or 3 Bunsen cells is passed into 
the molten mass, in the manner desenbed by 
Bunsen (P 155, 633) The contents of the 
crucible are then warmed under petroleum when 
the metallic Cs melts into globules (Setterberg, 
A 211, 100) — 2 The mixed chlorides of Cs and 
Kb, obtained as in 1, are converted into sul- 
phates, and then into alums by adding 
Al SSOjAq and evaporating Kb alum is 4 
times more soluble than cis alum , Cs alum 

U U 
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may be obtained quite free from Rb by a few 
oryetalhsatious The Ca alum is dissolved in 
hot Hp, and ppd byNHjAq, the liquid is filtered 
from Al^O,,, evaporated to dryness in a Pt dish 
and strongly heated to remove {NHj)2SO, , the 
residue is dissolved in H^O, and BaCljiAq is 
added so long as a pp of BaSO^ forma , the pp 
IS filtered off, NHjAq and {NHj)2COsAq are 
added to the filtrate, the liquid is kept warm 
for some time, and i8 then filtered from any 
BaCOj which has formed , the filtrate is eva 
porated to dryness, and heated to fusion , 
solution in H^O, treatment with NHjAq and 
(NH^I^COa, evaporation, and fusion are repeated , 
finally CsCl is obtained by dissolving tlie fused 
mass m Hp, and crystallising (Godeffroy, 
A 181, 176 , Redtenbacher, J pr 05, 148) 
This IB converted into Cs_jSO^ and then into 
CsOH which 18 treated as described in 1 — 
8 Leptdohte (a silicate of Al), from Hebron m 
Maine, USA, contains about 1 p c Cs oxide 
and 2 p c Rb oxide The powdered mineral is 
well mixed with 2 parts freshly slaked CaO, 
and very strongly heated for some time , the 
mass is powdered, half its weight of cone 
HjSO^Aq is added, followed by water , the 
whole 18 boiled, filtered, and evaporated to 
dryness, the residue is dissolved m water, 
filtered from CaS04 and evaporated until the 
alums of L, Cs, and Rb crystallise out About 
4 kilos of the crude mixed alums was prepared 
by Setterberg {A 211, 100), and dissolved in hot 
water, so that the solution had S G 20^ 
Beaum6 , this was cooled slowly to 45^, when 
the Cs and Rb alums were deposited, as they 
are msoluble in cold cone potash alum solu 
tion The alums were dissolved in a little hot 
water and agam cooled, and then solution and 
crystallisation was continued until the crystals 
were free from potash Cs alum is 4 times less 
soluble in H2O than Rb alum, and is insoluble 
in a saturated solution of the latter , the mixed 
alums were dissolved m a little hot water, and 
allowed to cool, when Ca alum separated with 
a little Rb alum, this process was repeated 
until pure Cs alum was obtained The alum 
was dissolved in hot water,^ enough BaOAq 
added to ppt AljO, and all the H SO4, the 
solution was filtered off and evaporated to 
dryness the CsOH thus obtained was dissolved 
in absolute alcohol, and CsCN was prepared , 
the CsCN was then electrolysed as desenbed 
in 1 (For other processes for preparing pure 
salts of Cs V Godeffroy, B 7, 241 , Cossa, B 
11, 812, Stolba, D F J 197, 336, 198,225, 
Sharpies, Am Ch 8, 453 For an account of 
attempts to prepare the metal by vanous 
methods similar to those used for preparing Rb, 
V Smith, Am Ch 6, 106 ) 

Properties — Silver white, soft, ductile, metal, 
oxidises rapidly with production of heat and 
light m air , decomposes HjO at ordinary 
temperature with inflammation of H produced 
Melts 26°~27‘’ . S G at 16° 1 88 (Setterberg, A 
211, 100) Spectrum charaotensed by two lines 
in the blue, Cs. ■» 4560, Cs^ » 4597 , 00006 mgm 
Ca may be detected by the spectroscope , 008 
CsCl may be detected in presence of 300-400 
parts of KCl or NaCl , 001 CsCl m presence of 
1500 LiCl (Bunsen, lx ) The atomic weight of 
Cs has be^ detenmn^ (1) by determinatios 


of V D of CsCl, and analyses of the same salt; 
by Bunsen {P 113, 863 , 119, 4), by Johnson 
a Allen {Am 8 86, 94), and by Godeffroy 
(A 181, 185) , (2) by comparing the reactions 
of Cs compounds with compounds of Li, K, Na, 
and Rb One gaseous compound of Cs has been 
obtained , the S H of the metal has not been 
determined Cs is positive to all other elements 
{v Alkali stFTALs) 

Combinations — No compounds vf Ca have as 
yet been prepared directly from the metal When 
cone CsClAq is electrolysed with Pt as the -f , 
and Hg as the — electrode, an amalgam of Cs 
and Hg is formed, and solidifies to a white 
crystalline mass , the Cs in this amalgam vei y 
quickly oxidises to CsOH 

Detection and Estimation —Most of the 
salts of Cs are easily soluble in water salts 
may be detected by the comparative insolubility 
in H4O of Cs^PtClg {v Preparation, No 1), and 
by the spectroscope ITiere is no satisfactory 
method for sej arating i> nd estimating Cs salts , 
the pp by PtCl^ contains Rb^PtClo and a little 
K PtCl<, , by repealing the ppn the pp may be 
obtained almost free from K PtClg, the pp is 
then reduced in H, the CsCl and RbCl dis 
solved out, the liquid evaporated and the residue 
weighed, the Cl is then estimated and the 
quantity of CsCl is calculated 

Caesium chloride CsCl Mol w 168 07 
(Scott, Pr E 1888) For preparation v C/P-ium, 
Preparation, No 2 Small, white, cubes , not 
deliquescent when pure , partially decomposed 
by melting m air, residue is alkaline Melts at 
low red heat, and volatilises at a higher tempera 
ture Easily soluble in H 0 and alcohol CsCl 
forms several double compounds, insoluble in 
cone HClAq, with other metallic chlorides, they 
are obtained by adding CsCl m cone HClAq to a 
solution of the other chloride also in cone 
HClAq The following are known iCsCl CdClj, 
2CsCl HgCl„ 2C3CI ZnCl;, 2C3CI CuCl„ 

2CsCl MnCl„ 2C8C1 NiCl„ 2CsCl PdCl^. 

6CsCl FejCl,, GCsCl-BiCl„ bCsCl SbCl„ 

CsCl AuCl„ 2C8C1 PtCl^ (Stolba, D P J 108, 
225, Godeffroy, B 7, 375, P, 9), 2C8C1 PtCl„ 
S (0°) 024, (100°) 377 When molten CsCl is 
electrolysed in an atmospnere free from 0, a 
small blue mass is obtained which is dissolved 
by H^O with evolution of H , probably this li 
due to formation of a subohloride 

Ceesium cyanide CsON Prepared by the 
action of dry HCN on CsOH dissolved m 
absolute alcohol , v Ctaittdbs 

Ceesinm hydroxide CsOH Mol w unknown 
Prepared (as described under Cesium, Pn 
paration. No 1) by decomposing CsjSO^Aq by 
BaOAq, filtering off BaSO^, and evaporating to 
dryness in a silver dish Grey white solid, melt 
mg below redness, undecomposed by heat, deli- 
quesces m air, with production of much heat, to 
form strongly alkaline CsOHAq 

Caesium oxide An oxide of Cs has not yet 
been prepared 

Caesium, Salts of Compounds obtained by 
replacing H of acids by Cs CsOHAq acts as a 
very strong base The salts belong to one 

Benei CsX where X-OI, NO,, ^ *6.j 

3 2 

the lormulse are established from the vapour 
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jensitf of CsCl, ^Soott, Pr E 1888), and 
also by comparing the salts with those of the 
other alkali metals The salts of Cs are very 
similar to those of Bb , they are well marked, 
stable, compounds , no basic salts are known , 
80 far as investigation has gone the Cs salts 
show a marked tendency to form double salts 
Most of the salts of Cs are soluble in water, 
the solutions are ppd by PtCl^Aq (yellow), by 
(white), by HClO^Aq (white), and 
by silicotungstic acid (white) The chief salts 
are ca/rbonates, nitrate, selenatcs, silicotungstate, 
8ul;pliates, tartrate iv Cabbonatfs, &c ) 

M M P M 

CAFFElC ACID C,H«0, i e 
[4 3 1] C«H3(0 H), CH CH COjH Di oxy cin- 
namic acid Di oxy phenyl acrylic acid 

F9miation — 1 By boiling calfetannic acid 
with aqueous KOH (Hlasiwetz, A 142, 221) — 
2 From its acetyl derivative — 3 Powdered 
cuprea bark is extraJbted with ether followed by 
alcohol , the residut^ is boiled with aqueous 
KOH, 18 added, and the liquid filtered 

while hot The filtrate, when cold, is exhausted 
with ether, and the ethereal solution, after de 
colounsmg with animal charcoal, is set aside to 
crystallise (G Korner, Ph [3] 13, 24G) — 4 From 
hemlock (m which it is combined with con 
hydrine?) (Hofmann, B 17, 1922) 

Properties —♦Yellow monoclinic tables (con 
taiping Aaq), V e sol alcohol The aqueous 
solution 18 turned green by Fe^Cl<„ on adding 
Na^CO, it then changes to blue and violet It 
does not reduce Fehhng’s solution but redu'es 
warm ammoniaoal AgNO, Its solution m 
KOHAq turns brown in air 

Reactions — 1 Dry distillation gives pyro 
catechm — 2 Potash fusion forms protocate 
chuic acid — 3 Sodium amalgam reduces it to 
di oxy plienyl propiomc acid 

Salts — CaA'a 3aq — SrA'^ 4aq — BaA', 4aq 
Ba,(C AO J, 9aq — Pb3(C,H,0,)2 2aq 

Mono-methyl derivative v Febdlic 

ACID 

Di methyl derivative 
CA(0Me)2 CH tlH CO^H [180°] Formed by 
saponifying the ether or by heating catfeic or 
feruhe acid with Mel and KOH White needles 
Sol alcohol and ether, nearly insol water On 
oxidation with KMnO^ it produces veratric acid 
Methyl ether A'Me [64°] Prisma Pre 
pared by methylation of isoforulic acid (Tie 
mann a Will, B 11, 651 . 14, 969) 

Methylene ether 

CH,<^>CA OH CH.CO2H [232°] Formed 

by boiling piperonal CH^O^ C3H3 CHO with 
NaOAc and Ao^O (Lorenz, B 13, 757) Minute 
crystals (from dilute alcohol) Cone H.3SO4 
forms a bnok red solution — AgA' 

Acetyl-methyl derivative v Acetyl 

FEBULIC ACID 

Di acetyl derivative 
CA(0 Ac) 2CH CH CO^ [191°] From caffeio 
acid and Ao^O or by heatmg protocatechuic alde- 
hyde {2 pts ) with NaOAc (2 pts ) and ACjO 
(6 pts ) Slender needles V si sol water, v 
sol alcohol and ether (Tiemann a Nagai, B 
11, 669) 

Hydro*oaffeio acid u Dx oxy fuemyl fbo- 
rxoxra aoiD 
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CAFFEXDIKE C7H,2N^0 Formed, together 
with methylamine, CO3, and NH,, bv boiling caf 
feme with cone baryta water (Streoker, A 123, 
860 , 167, If C B 62, 1269 , Schmidt, B 14, 
816 , Schultzen, Z 1867, 616) Alkaline liquid 
Sol water, alcohol, and chloroform, si sol ether 
Long boiling with baryta water gives methyl 
amido acetic acid, formic acid, CO^, and NH, 
Chromic acid oxidises it to di methyl oxamido, 
methylamine, COj, and NH,, (Maly a Andreasch, 
M 4, 381) EtI forms C,H„EtN,0 
Salts— B'HCl — B'APtCla^aq 
CAFFEtDINE CABBOXYLIC ACID 

Prepared by the gradual solution of 
caffeine m dilute NaOHAq , this solution la 
neutralised with HO Ac and the copper salt ppd 
with Cu(OAo )2 (Maly a Andreasch, M 4, 369) 
Very soluble crystalline mass , its aqueous solu- 
tion on boiling gives off CO^and leaves caffeidine 
Salts — KA' golden syrup — HgA'a2HgCl2. 
bulky pp — CuA'2 minute crystallinegranules — 
CaA'2 — ZuAV — CdA'3 —-MgA's 

CAFFEINE C,H„N,02 Theme [230 5°] 

5 G M 1 23 8 1 35 at 16° , 45 6 at 65° (Com 

maille, C R 81,817) 8 (alcohol) 61 at 16°, 

3 12 at 78° S (ether) 044 at 16° S (CS,) 06 
at 16° S (chloroform) 13 at 16° 

Occurrence — 1 In coffee berries and leaver 
(Bunge, Matenalien zur Phytok>gie,\H20 , Sten 
house, P M [4] 7, 21 , Pfaff a Liebig, A 1, 17). 
Coffee berries contain from 1 to 1 28 p c caffeine, 
roasted coffee about 1 3 p c (Paul a Cownley, 
Ph [3] 17, 5Go, cf Stenhousea Campbell, C J 
9 33 A 89, 246) — 2 In tea leaves (Oudry, 
Mag Pharm 19, 49 , Jobst, A 25, 63 , Mulder, 
43, 160) Tea contains 2 to 4 pc — 3 In 
guarana, the dried pulp of Paulinia sorbilis 
(Martius, A 36 93) Guarana contains about 

6 p c of caffeine —4 In Mat6 or Paraguay tea 
the leaves and twigs of Ilex Paraguayensis (Sten 
house, P M [3] 23, 426) —5 In the seeds of 
the Kola tree {Cola acuminata) of West Central 
Africa, to the amount of 2 13 p c of the dried 
seed (Attfield, Ph [2] 6, 457) - 6 Present to a 
small extent m cocoa (E Schmidt, A 217, 306) 

Formation — By heating silver theobromine 
with Mel for 20 hours at 160° caffeine is thus 
shown to be Aethyl theobromine (Streoker, A 
118, 151 , E Schmidt, A 217, 282) 

Preparation — 1 Tea or coffee is exhausted 
with boiling water , tannin is ppd by lead sub 
acetate , the filtrate is freed from lead by 
and evaporated to crystallisation (P61igot, A Ch 
[3] 11, 129) —2 Raw ground coffee (6 pts) la 
mixed with moist lime (2 pts ) and extracted 
with alcohol, chloroform, or benzene, from which 
the caffeine crystallises on evaporation (Vers 
mann, .4r Ph. [2] 68, 148, Vogel, C C, 
1858, 367 , Payen, A Ch [3] 26, 108 , Paul a, 
Cownley, Ph [3] 17, 665) — 3 Tea or coffee la 
boiled with water and either the whole, or else 
the filtrate, is evaporated to a syrup mixed with 
slaked lime and extracted with chloroform 
(Aubert, PfiUger's Archiv, 6, o89 , Cazeneuve a. 
Cailiol, Bl [2] 27, 199) —4 By sublimation 
from tea (Heiynsius, T pr 49, 317) — 6 A da- 
ooction of tea is evaporated with PbO to a syrup, 
K2CO3 IS added, and caffeine extracted by alcohol 
' (Grosschoff, J 1866, 470) 

Properties — Mass of slender silky needles 
(containing aq) , begms to sublime at 79® 

u n 2 
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(Blyth) SI sol cold water and alcohol, v si 
Bol ether The crystals from alcohol and ether 
are anhydrous Weak base^ the salts being 
decomposed by water, does not affect red 
litmus Tastes bittei Produces tetanus and 
ngor in the voluntary muscles of frogs (Aubert , 
Brunton a Cash, Pr 42, 238) In men it m 
creases the heart’s action, excites the nervous 
system, and diminishes metabolism (?) (Leh 
mann, A 87, 205) Caffeine gives a yellow pp 
with phosphomolybdio acid 

Estimation -The vaiious methods of pre 
paration may also be used for estimation 
(Stenhouse, A 102, 126 , Lieventhal, C C 
1872,631, We>rick Fr 12, 104, P6hgot, 
Pharm 82, 340 , Claus, J 18G3, 708, Zoller, J 
1871, 818 , Mulder, J pr 15, 280 , Commaille, 
Bl [2] 25, 261, Paul a Cowiilej, Ph [3] 
17, 665) 

Colour Test — Evaporate with chloiine water 
on platinum foil A yellowish residue is left, 
which on further heating becomes red, and is 
turned purple by ammonia (bchw ai /enbach J 
1861, 871, 1865, 730) Xanthine, theobromine 
and uric acid also give this tost Caffeine 
evaporated with cone HNO, gives a yellow 
residue (amalic acid) which is also turned purple 
(murexide) by ammonia (Bochleder, 4 00, 120) 

Reactions —1 Gaseous chlorine or HCl and 
KClOj give in the first place di methyl alloxan 
and methyl urea (E hischer, A 215 257) 
C,H,oN,0, + 0, + 2H 0 = C,H«N,0, + C,H,N,0 
Part of the di methyl alloxan becomes amalic 
acid Chloro caffeine, mcthylamme, and cyano 
gen chloride are also formed and, if the reaction 
IS prolonged, di methyl parabanic acid (choles 
trophane) Bromine and watei at 100° act 
similarly (Maly a Hinterberger, M 3, 85) —2 
Cold HNO3 attacks it slowly, giving off CO^ 
(1 vol ) and NjO (about 2 vols ) (Franchimont, 
B T C G, 223) —3 Hot dilute HNO, gives di 
methyl parabanic acid (Stenhouse, A 45, 366 , 
46, 227, Bochleder, A 69 120, 71, 1) -3 
Chromic acid gives di methyl parabanic acid, 
NH3, methylamine, and CO^ (Maly a Hinter 
berger M 2, 87) — 4 Boiling baryta water splits 
up caffeine into caffeidine and CO^ , the caffei 
dine then breaks up into CO^, NH„ methylamine, 
formic acid, and methyl amido acetic acid 
(sarcosine) (Bosengarten a Strecker, A 157, 1) 

6 With cone HCl at 250° it forms ammonia, 
methylamine, sarcosine, formic acid and COj 
(E Schmidt, A 217,270) The volume of NH, 
18 to that of NMeHg as 1 2 Below 200^, HCl 
has no action Hence there are three NMe 
gioups in caffeine, CJIipN^Oj h GH^O- 
2COj + 2NMeH3 NH, + CH,0, + C3H,NO, 

Salts — (E Schmidt, A 217,282, Herzog, 
A 26, 344, 29, 171, Biedermann, Ar Ph [3] 
21, 176 , Tilden, Q J 18, 99 , 19, 146 \ 

B'HCl — B'HCl 2aq monoclimc , decomposed 
by moist air into HCl and caffeine — B'2HC1 — 
B'4HC1— B'jH^tCl, (at 100°) - B'HAuCl, 2aq 
ghttering plates — B'HBr 2aq — B'HI — B'2HI 
—BUI, liaq (Tilden) — B'HClClI [176°] , 
yellow needles converted by NH, into a greenish 
black pp (Tilden, Z 1866, 360 , Ostermayer, B 
18, 2298) — B'HNOjaq — B'H,SO, — B'H,80,aq 
Eormate B'H^COj —Acetate B'2HOAc — 
BntyrateB'C^HgOj — IsovalerateB'C^HioO,. 
^-Citrate prepared by adding a solution of 


citric acid (1 pt ) in alcohol pts ) tc one of 
caffeine (1 pt ) m chloroform (14* pts ) and evapo- 
rating Semi orystalhne powder, decomposed 
by most solvents (Lloyd, Ph [3] 11, 760) 
According to Tanret {J Ph [6] 6, 691) the last 
five salts are merely mixtures — Caffeate 
B'C„Hh 04 2aq (Hlasiwetz, A 142, 226) 

Combinations — B'HgClj (Nicholson, A 62, 
78, Hinterbeiger, A 82, 316) — B'HgCyj (Kokl 
a Svvoboda, ^ 83,341) — B'AgNO, 

Methylo chloride B'MeCl aq At 
200° it splits up into MeCl and caffeme — 
(B'McCl)^PtCl4 Sparingly soluble 

Methylo iodide B'Mel aq (Tilden, / pr 
94, 374, E Schmidt A 217,286, E Schmitt 
a E Schilling,^ 228,141) From caffeine and 
Mel at 1^0° At 100° it loses aq, at 190^ it 
splits up into caffeine and Mel Tridmic 
abc = 6962 1 4161 , a - 91°24 , /3 = 74° , 7 - 88° 
—B'Mel, 

Methylo hy dr oxide B'Me^OUfiq [91°], and 
B'MeOH From he methyloiodide and 

Ag 0 (Schmitt a Schilling, A 228, 143) 

Cr\3tals V sol water alcohol and chloroform 

V si sol ether or light petroleum Its solutions 
are neutral It is not poisonous Heated at 
200 in the dry state it gives off methylamine 
\\hile c iff cine is also formed HCl or dilute 
H SO, convert only pait of it into the oorre 
spondmg silt, the rest givcs methylamine, 
formic acid and dimcthyldialurio acid, he 
latter being converted by atmospheric oxvgen 
into amalic acid When HCl is used, caffeine 
methylochloiide is one of the products With 
water at 200° it gives sarcosine, methylamine, 
formic acid, and CO Chromic acid forms cho 
lestrophane, methylamine, formic acid and CO 

Ethylo triiodidc B Etij From caffeme 
and EtI at 130° (Tilden, C J 18, 99 , 19, 145) — 
B jEt PtClg 

Chloro caffeine C^HyClN^Oj [ISS^-j Formed 
by passing chlorine into dry caffeme in dry CHCl, 
Crystallised from water V si sol cold water 
and ether, v sol strong acids but ppd by water 
Keduced to caffeine by zinc dust and HCl 
(Fischer, A 216, 262 , 221, 33^) 

Bromo caffeine t; p 661 
Amido caffeine C8Hy(NHJN402 [above 360°] 
From bromo caffeine (2 pts ) and alcoholic NH3 
(20 pts ) by heating for 7 hours at 130° (Fischer, 
A 215, 265) Slender needles , may be distilled 

V si sol water and alcohol , sol cone HOAc , 
sol cone HClAq, but reppd by water, being 
apparently less basic than caffeine 

Oxy caffeine [c 346°] Flora 

ethoxy caffeine by heating with dilute HCl 
(Fischer, A 216, 268) Mass of white needlea 
(from water) V si sol alcohol, ether, or cold 
water Sol cono HCl but reppd by water 
Oxy caffeine is an acid — NaA' 8aq Needles — 
BaA'jj 3aq Reactions — 1 The silver salt with 
EtI at 100'^ gives ethoxy caffeine — 2 PClj in 
POCl, gives chloro caffeine — 8 Cl at a high 
temperature gives di methyl alloxan — i Cl gaa 
at 0° m a solution of oxy caffeine m HOI gives 
apo and hypo caffeine —5 Dry bromine forme 
an addition compound C3Hj(0H)N402Br2(?) as n 
red mass, decomposed by water or alcohol, the 
latter giving diethoxy-oxy-caffeine dihydnde 
Ethoxy eaffemo C3H3(OEt)N,Oj. [140°]. 
From bromo caffeine and alcoholio KOH (Fis 
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©her, A 215, 266) White needles (from water) ' 
SI sol cold alcohol or ether, v e sol hot alco I 
hoi Melts in boiling water, partly dissolving 1 
Sol dilute HCl and reppd by KOH 
Di-meilioxy oxy calleine dihydnde 
0„H„N,02(0Me) OH [179°] Prepared by the 
action of methyl alcohol on oxy caffeine bromide 
Colourless crystals Sol water and alcohol 
By HCl it IS decomposed into methyl alcohol, 
methylamme and apo caffeine (Fischer, B 14, 
642) 

Di ethoxy oxy caffeine dinydride 

C„H„(0Et)2(0H)N^02 Di ethyl derivative of tri- 
oxy caffeine dihydnde [196^^-205°] From oxy 
caffeine, Br, and alcohol, as above Warmed 
with HCl it gives alcohol, methylamine, apo 
cafifeipe and hypo caffeme Fuming HI or HI 
gas passed into chloroform solution reduces it 
to oxy caffeme With phosphorus oxychlonde 
it forms a crystalline substance that appears to 
be ChHuN^O (OH)(OLt)Cl This body is recon 
veited by alcohol into diethoxy oxy caffeme di 
hydride but it is decomposed by water, one of 
the products being di methyl alloxan, although 
this IS not formed from diethoxy oxy caffeine 
dihydnde by water or acids (Fischer a Reese, A 
221, 337) 

Alio-caffeme C„HbN ,05 [198°] A by pro- 
duct obtained in, the preparation of the preced- 
ing body from oxy caffeine, bromine and aloo 
lioi, especially when the latter is wet (92 p c ) 
Sandy powder V si sol, water, al sol boiling 
alcohol Decomposed by boiling HCl (Fischer, 
A 215, 270) 

Apo-caffeine C,H,N,05 [148°] 

Formation — 1 From di ethoxy oxy caffeine 
dihydnde (6 g ) by evaporating with (20 g ) di- 
lute (20 p c ) HCl at 100° (I ischer, A 215, 277) , 
the equation is CgHfl(0H)N^02(0Et)2 f 2H2O 
« C,H N,g, + MeNH^ + 2HOEt — 2 From oxy- 
caffeme and aqueous Cl at —10° — 3 From 
caffeine, HCl and KCIO, (Maly a Andreasch, M 
8 , 100 ) 

Properties — Monoclinic crystals (from 
watei) ahc= 8025 1 6976 V sol hot water, 
alcohol or ohlorhform, si sol cold water, benz 
ene or CS2 Boiling water decomposes it into 
COj, hj-po caffeme and oaffunc acid (2 v ) 
Hypo-caffeine C.H.NaO, [182°] 

Formation — 1 Formed along with apo 
caffeine by warming the di ethyl derivative of 
tn oxy caffeme dihydnde with hydrochloric 
acid, thus C,He(0H)N,02(0Et)2 + 2H O - 
C,H,N,0, + 2HOEt + NH^Me + 00^ — 2 From 
oxy caffeine, HCl and Cl (Fischer, A 215, 288) 
Properties — Crystallised from water V 
Eol hot water or alcohol, si sol cold water 
May be distilled with but slight decomposition 
Ba(CttHgN,03)2CriH,N„0, v sol water 

Reactions — Not affected by boiling fuming 
HNO3, chlorine or bromine water, K^Cr^O, and 
dilute H SO4, HMnO, cone HCl, fuming HI, 
Sn and HCl, koff) or POClj and PCI3 Water at 
160° completely destroys it Boiled with baryta 
it gives oaffolin iq v) 

Caffolin O^H^N.O, [194°-190°] Formed by 
boiling hypo caffeine with lead sub acetate 
(Fischer, A 216, 292) Slender needles (from 
alcohol) or long prisms (from warm water) i 
V e sol warm water SI sol alcohol Does 
not oombme with acids It is but a feeble 


acid, for its barium compound is decomposed by 
CO2 Boiled with AgjO, it forms a crystailme 
silver compound 

Reactions —1 Cone HOI at 100° sphts it up 
into CO^, NHg, NMeHj Ac — 2 Cone HI forms 
methyl-urea —3 KsFeCy, gives methyl oxamio 
acid and methyl urea CsHflNjOj + 0 + HjO = 
MeNH CO COjH + MeNH CO Nl4 — ^ KMnO^ 
and KOH give di methyl oxamide and ammonia 
according to the reaction C^HnN^Oa + 0 + HjO 
= MeNH CO CO NHMe + COj + NH, —5 Potas 
Slum bichromate and H^SO^give cholestrophane 
CjH^NaO 4-0 = C^H^NaCg-f NH3 — 6 Nitrous 
acid completely destroys it —7 Boiled with 
Ac^O it forms the acetyl derivative of acecaffin 
C^HioAcN^Oa 

Acecaffin CgHj.NgOa [110°-112°] From its 
acetyl derivative by evaporating with fuming 
HCl at 100° and dec(^mpo8ing the resulting 
hydrochloride by Ag O (Fischer, A 215, 300) 
Trimetrio crystals (from benzene) a h c = 
6707 1 1 2445 May be distilled undecomposed 

V e sol water and alcohol 
Acetyl derivativ e 

C„H,„AcNp, [106°-107°] From caffolin by 
boiling with AcjO as long as CO3 comes off 
i (12 hours) Monoclinic tables (from chloroform 
' mixed with ether) 

Caffurio acid CgHoNjO^ [210°-220°] From 
apo caffeine by boiling water (Fischer, A 215, 

I 280) C,H,NA + H20 = CeH,N30, + C02 Trans- 
parent tables (from alcohol) V sol watei, sL 
i sol cold alcohol, chloroform or ether Feeble 
acid, its barium salt being decomposed by COj 
Salt — AgA' Tables, si sol water 
Reactions — 1 Not affected by chlorine- or 
bi omiiu water — 2 HI converts it into hydro 
caff uric acid — 3 Warmed with lead sub acetate 
it gives mesoxalic acid, methyl urea and methyl- 
amine — 4 Hot KOH gives off NH^Me 

Hydro caffnric acid CANgO, [240°-248°] 
From caffunc acid, fuming HI and PHJ 
(Fischer, A 215, 285) Colourless prisms (from 
water) V sol hot water, si sol cold water 
Reactions —1 Gives no pp when boiled with 
lead sub acetate (unlike caffunc acid) —2 Gives 
with ammoniaial AgNOg a mirror in the cold — 
4 Chlorine water oxidises it to caffunc acid — 
3 Hot KOH gives off methylamine — 5 Waimed 
with baryta it forms methylamine and methyl- 
hydantoin carboxylic acid, the latter splitting up 
into CO and methyl hydantoin 

Methyl-oaffunoaoidCjHjjNjO^ [167°] From 
allocaffeine by boiling with water (Schmidt a 
Schilling,^ 228, 172) Needles (from water) 

V sol water, alcohol, and chloroform Basic 
lead acetate converts it into mesoxalic acid, 
methylamine and dimethyl urea 

Amalie acid u p 149 

Constitution of Caffeine — Medicus {A 175, 
MeN-CO 

I I 

250) proposed the formula CO C — NMo 

\ 11 >CH 

MeN— 0— N 

while Emil Fischer {A 215, 314) proposed 
MeN-OH 

I II 

CO 0 NCH, , Both formulas readily re- 
I 1 >CO 
Me N— C-N 
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present the formation by oxidation of di methyl- 
alloxan and methyl urea According to Fischer’s 
formula the derivatives of caff erne would be re- 
presented as follows Oxy caffeine would be 


>NMe— C(OH) = 0 ~ NMe 
CO< I >CO 

\NMe 0-N 


Ethoxy oxy 


caffeine dihydride would be 

.NMe— C(OH)(OEt)— C(OEt) NMe 

coc 1 >co 

\NMe C=-N 

caffeine would be 
>^0- 


Apo 


CO^ 


/ \ 

^NMe — C = 


-C(CO,H)— NMe 
>C0 
-N 


Gaffurio acid would be 

HO C(CO,H)— NMe 
\ >00 
HNMe— C- =— N 

Hydro caffurio acid might be written • 
HC(CO,H)— NMe 
\ >C0 

HMeN— C N 

Methyl hydantom carboxylic acid would be 
HC(C02H) NMe 

I >00. 

CO NH 

HaC NMe 

whence methyl hydantom | >C0 
CO NH 

Hypo caffeine may be 
>0— CH— NMe 
C0\ \ >C0, so that apo caffeine 

\NMe— 0 = N 

would be its carboxylic acid Caffohn may then be 
HO CBLNMe 

I >C0 , but the formation of cholestro 

HNMe0>=N 

.CO — NMe 

phane CO^ | from it is m that case 

\NMe-CO 
somewhat anomalous 

fitrecker’s caffeidine (from caffeine by alkalis) 
MeHN CH = C-NMe 

would be I >C0 , which by 

MeHNC = N 

boiling alkahs gives CO 2 , NH„ 2NMeH2, formic 
acid and sarcosme 

MeN— CH 

I u 

Theobromine will be CO C NMe , 


HN— CH 


HN 


I I >C0 

■-C = N 


sot 


CO C — NMe as is shown by the 

I I >C0 
MeN— C = N 

formation of hypo ethyl theobromine 

Somewhat similar formula9 are arrived at if 
we start from the formula of Medicus Inasmuch 
ascaffeinmethylo hydroxide differs from caffeine 
in giving no NH, but only NMeH^ in its decom 
positions, we must assume that it has the formula 
MeN— CO 

<!j 0 i— NMe- 


H 

MeN— C— NMe(OH) 


CH 


MeN— CH 

i 11 

CO C— NMe- 


MeN- 


i 

C— NMe(OH)^ 

Its decomposition product, di methyl dialuno 
acid, should, according to Maly a Hmteiberger 
(M 3, 85), be represented by the formula 
MeN— CO 


!0 CH(OH), which agrees better with the for- 



mula of Medicus On the other hand, the frequent 
occurrence of methyl urea as well as 5 di methyl 
urea among thedecomposition products of caffeine 
and its derivatives accords best with Fi-^cher’s 
formula (Schmidt a Schilling, A 228, 174) 

CAFFEOL C«H,o 02 (196°) Given off (to 

the extent of 05 p c ) on rc^ sting coffee together 
with caffeme (18 pc), palmitic acid, acetic 
acid, CO 2 , and traces pyrrol, methylamme, and 
hydroqumone It is extracted by ether from 
the liquid distillate (Bernheimer, M 1, 459) 
Liquid, smelling hke coffee, si sol hot water, 
V e sol alcohol and ether , v si sol cone 
KOHAq Fe^Clfi colours its alcoholic solution 
red Potash fusion gives salicylic acid It i” 
perhaps a methyl derivative of 0 oxy benzvl 
alcohol 

CAFFETANNIC ACID Occurs in 

coffee berries to the amount of 3 to 6 p c as Ca 
and Mg salt, and perhaps also as a double salt 
of K and caffeine (Pfaff, (1830) Scher 01, 487 , 
Rochleder, A 59, 300 , 03, 193 , 60, 35 , 82, 
190. Liebich, A 71, 57, Payen, A Ch [3J 
20, 108) Prepared by mixing an alcoholic m 
fusion of coffee with water , filtering from ppd 
fatty matter , boiling the filtrate, and ppg as 
lead salt by Pb(OAc )2 Colourless mammellated 
crystalline groups, v sol water, m sol alcohol , 
has an astringent taste , strongly reddens lit 
mus Fe €!« colours its solutions green It 
does not ppt ferrous salts, tartar emetic, or 
gelatin, but it ppts quinine and emohonme 
It reduces AgNOjAq, forming a mirror Its 
salts turn green in air Potash fusion gives 
protocatechuic aoid Boiling cone KOHAq 
splits it up mto caffeio acid and a sugar (Hlasi 
wetz, A 142, 220) 

Salts — BaA '2 (at 100°) amorphous, v 
sol water, addition of baryta forms a yellow 

pp PbCjjHjjOg Pb8(C,5Hj508)2. — Pb^CjjHj^Og 

(at 100°) 

Vindic acid. An acid formed by the at 
mosphenc oxidation of an ammoniacal solution 
of catfetannic acid According to Rochleder the 
green colour of coffee hemes is due to calcium 
viridate It is ppd by Pb(OAc )2 Amorphous 
brown mass, v sol water Cone H 2 S 04 forma 
a crimson solution whence water gives a floccu 
lent blue pp The aqueous solutions are turned 
green by alkalis, and give a bluish green pp 
with baryta water (cf Vlaanderen a Mulder, J, 
1868, 261) 

CAFFOLIN V Caffeine 

OAFFURIC ACID v Caffeine 

GAIL-CEDBIN a bitter, neutral, resinous 
substance present to a minute extent m the 
bark of the Call cedra (Caventou, J P/i [3] 
16,355, 83, 123) 
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OAInCIN 04 <,H«, 0 ,b Calncic acid S 14 
Pound m Oamca root (from Chiococca anguifuga 
and ra^emosa) (Frangois, Pelletier, a Caventou, 
J Ph 16, 465, Liebig, A Ch [2] 47, 185, 
iiochleder a Hlasiwetz, A 76, 638 , Rochleder, 
J pr 85, 275) The root la exhausted with 
alcohol and the oamcin ppd either by milk of 
lime or Pb(OAc)^ Crystalline flakes, tasteless 
at first, afterwards very bitter , v si sol water 
and ether,# v sol alcohol , reddens litmus 
Boiling alcoholic HCl splits it up into a sugar 
(C«H,p„) and crystalline caincetin 
Caincetin is resolved by potash fusion into 
butyric acid and camcigenin Ci^H which 
18 possibly related to ssscigenm Caincm in 
dilute alcoholic solution la converted by sodium 
amalgam into crystalline C 3 (,H 580,5 whence 
fuming HCl forms gelatinous C,^H^gO 

CAJEPTJT OIL OF A light green oil pre 
pared in India by distilling the leaves of Mela 
leuca leucodcndron ^^lth water Its chief con 
Btituent IS cineol C,oIii,gO [q u), which is also 
called cajeputol P^Oj converts it into ter 
penes {q v ) which when so obtained may be 
called oajeputeneg (bchmidt, C J 14, 63, 
Wiight a Lambert, C J 27, 619 , IJisted, Ph 
[3] 2, 801, Blanchet, A 7, 161, Gladstone, 
C J 49, 621) 

CALAMUS BOOT According to Geuther 
240, 92) tlib aconn prepared by Thoms 
(p #80) from Acorus calamus is not a definite 
substance, but is separated by alkalis into a 
neutral amorphous brown mass (C^oHbtNO, ?) 
and an acid (CuHigOg?) Calamus root after 
extraction with water still contains a combined 
acid (C,,H,gO^?) which may be extracted by 
adding HCl and shaking with ether When the 
root 18 distilled with steam, methyl alcohol 
and a mixture of terpenes (2 v ) and a compound 
C,uH,bO(?) is obtained (G , Schnedermann, A 
41, 374, Kurbatow, B 6, 1210 , Gladstone, G J 
17, 1) 

CALCIUM Ca At w 39 91 Mol w unknown 
Melts at red heat S G 1 57 (Matthiessen, A 
93,27) SH (0^-100^) 1686 (Bunsen, P 141, 
1) SV8 abt#25 EC (Hg at 0°-l)l2 6 
(Matthiessen, P M [4] 12, 199 , 13, 81) Chief 
lines in emission spectrum, 6121 2, 6587 6, 
4226 3, 3968, 3932 8 

Occurrence — Never free Very widely dis 
tnbuted, and often m large quantities, as 
silicate, phosphate, sulphate, carbonate, flu- 
oride, <&o Most natural waters contain Ca 
salts , phosphate and carbonate of Ca are 
found in plants and animals Ca salts occur 
in the sun, fixed stars, and meteorites Calcium 
carbonate and burnt lime have been known 
from very ancient times In 1722 Fr Hoff 
mann showed that lime is a distinct earth , 
Black (1755) was the first to make a quantita 
tive examination of hmestone and burnt lime 
In 1808 Davy obtained calcium (impure) by the 
electrolysis of lime 

Formation — 1 Dry CaIg is heated with Na 
m an iron crucible with an air tight cover 
(Li6s Bodart a Jobin, A Gh [3] 64, 363 , 
Dumas, G R 47, 675 , Sonstadt, G N 9, 140) — 
2 Dry fused OaCl, (300 parts), Na (100 parts!, 
and pure distilled granulated Zn (400 parts), 
are heated in a crucible with loosely fitting ho, 
08 high a temperature bemg mamtamed as tf 


possible without volatilisation of much Zn , an 
alloy of Ca and Zn is thus produced (Zn, 2 Ca 
according to v Rath, P 136, 434) This alloy 
is heated in a crucible of gag coke until the 
Zn IS all distilled off (Caron, G R 48, 460 , 
60, 547) — 3 A boiling cone solution of CaClj 
18 electrolysed, using an amalgamated Pt wire as 
negative electrode (Bunsen, A 92, 248) 

Preparation — A mixture of dry CaCl, and 
SrCl^, in the ratio 9 CaCl 2 SrClj, mixed with a 
little NH 4 CI, IS melted in an open crucible , the 
current from 3 or 4 Bunsen cells is passed 
through the molten mass, the positive electrode 
being a stick of carbon, and the negative an 
iron wire as thick as a knitting needle, drawn 
out to a fine point The point of the iron wire 
18 kept just under the surface of the molten 
mass for a minute or so at a time , the Ca 
separates in small lumps (Matthiessen, A 93, 
277 , 94, 108) Frey obtained lumps of Ca 
weighing from 2| to 4 grams {A 183, 367) , he 
passed the negative electrode through the stem 
of a tobacco pipe with the bowl dipping under 
the molten mass in the crucible , H was then 
passed into the pipe , when the pipe and bowl 
were fiUed with this gas, the H was stopped, 
and the current was started , the Ca rose into 
the bowl of the pipe, and being m contact with 
H remained quite unoxidised 

Properties — Lustrous, clear yellowish white, 
very ductile, but brittle when hammered out, 
malleable , about as hard as calcspar Frey 
(A 183, 367) says it is brittle and cannot be 
hammered out or drawn into wire Melts at full 
red heat, and then bums with yellow flame and 
production of much heat and light , [Ca, 0] *= 
130,930 (Th 8, 251) Does not oxidise in dry 
air, but in ordinary air is quickly covered with 
CaO Not volatilised at temperature of mflana 
mation (Caron, G R 48, 440) Decomposes 
cold H^O rapidly , 

[Ca, Aq] = [Ca, O , H^ Aq] - 2[B.\ 0] = 80,900 
{Th 3, 251) As no compound of Ca has been 
gasified, the value to be given to the atomic 
weight of the metal is decided partly by the 
S H and partly by purely chemical considera 
tions The n^^ss of Ca that combines with 
15 96 {i e with 1 atom) 0 is 39 91, hence the 
simplest formula for the oxide is OaO 
(Ca = 89 91), the same mass of Ca combines 
with 2 X 85 37 Cl, 2 X 79 76 Br, &o , the simplest 
formulas forJihe chloride and bromide are theie 
fore CaClj and CaBrg respectively (Ca = 89 91) 
These formulas are in keeping with the reac- 
tions of the compounds, hence they are adopted 
The chief compounds of Ca by analyses of 
which the value Ca = 39 91 has been found are 
(1) CaCl (Ber/ehus, O A 67, 461 , Dumas, 
A Gh [3] 55, 190) , (2) CaCO, converted into 
CaO (Dumas, G R 14, 637 , Erdmann a 
Marohand, J pr 26, 472) Ca is a strongly 
positive metal, forming well marked and stable 
salts by replacing the H of acids Salts of Ca 
derived from almost every acid are known , 
several of these form double salts, very few 
basic salts are known, Ca 0^2 alkaUne 

hydroxide , CaO combines with HjO with pro 
duction of much heat, CaO^H is dehydrated 
to CaO at a high tempeiatuie, [CaO, H O] 
=> 16,640 {Th 3, 251) The heat of neutralisation 
of CaO;^sA9 is the game as that of KQHA(;ti 
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NaOHAq and BaO H^q, viz 31,150 tor 
H2S04Aq and 27,640 for H^Cl^q Ca com 
bines with the halogens with production of 
heat, [0a,X2] = 169,820 ^hen X-Cl, 140,850 
whenX-Br, 107,250 when X = I {Th 3, 251) 
Beacticyns and Combinations — 1 Withtmilcr 
forms CaOAq and H —2 With acz<is forms salts, 
usually evolving H , cone HNO^Aq only acts at 
high temperatures — 3 Combines directly, when 
heated, with many non metals , especially Cl, 
Br I, O, S, P {v Calcium chloride, &c ) — 
4 Forms alloys with several metals, by heating 
the metals together Alloys with Al, Sb, Pb, 
Hg, Na, and Zn have been described (Caron, 
C R 48 440 , 60, 547 , Wohler, A 138, 251) 
Calcium 18 usually estimated either as carbonate 
or sulphate, or volumetncally, by KjMn 0„Aq, 
after ppn as CaC 0^ and decomposition of this 
salt by H^SO^Aq 

Calcium, Alloys of, v Calcium , Combina 
i%ons, No 4 

Calcium, Arsenates of CaH \s 04 and 
Ca3(AB04)^ V ARSENATES, Under Arsenic, 

ACIDS OF 

Calcium, Arsenites of Ca 3 (As 03 l 2 , Ca(As02)2t 
and Ca^As^Oj v arsenitfb, under Arsenic, 

ACIDS OF 

Calcium, Bromide of CaBr^ Mol w 
unknown, as compound has not been gasihed 
r676°-680°] (Carnelley, C J 29,497, 33, 279) 
8G 3 32 (Kopp A 93, 129) S (0°) 125, 
420“) 141, (40°) 212, (60°) 277, (105°) 312 
(Kremers, P 103,65) HI [Ca,Br‘^ = 140,850, 
[CaBr ,Aq] = 165 360 (Thomsen) 

Formaheyn —CaBr is formed by dissolving 
CaO or CaCO, in HBrAq, evaporating, and 
crystallising , or by decomposing Fe^Br^Aq by 
CaOAq 

Preparation —I 12i parts Br and 1 part 
amorphous P are allowed to react m presence 
of H 0 , the solution is neutralised by CaCO, 
or CaO^H , filtered from Ca, 2PO4, evapoiated 
and ciystallised (Klein, A 128, 237) —2 20 
parts S are dissolved m 240 parts Br, and the 
liquid IS poured into thin milk of lime, contam 
ing 140 parts CaO , CaSO^ is ppd by alcohol, 
the solution is filtered off, evaporated, and 
crystallised (Faust, Ar Ph [2j 131, 216) 

Properties White, lustrous, deliquescent, 
needles very soluble in H^O and alcohol 
Absorbs NH, forming CaBr 6NHg (Raramels 
berg, P 65, 239) CaBr Aq boiled with CaO^Hj, 
and filtered, on cooling yields crystals of 
CaBr 3CaO ISH^O 

Combinations — With water to form 
CaBr, OHP [CaBrh6H 0 ] = 25 000 , 
[CaBr^0H^,Aq''= -1090 (PA 3 251) 

Calcium Bromide hydrated, v Calcium, 
BBOMijiE OF, Combinations 

Calcium, Chloride of CaCl Mol vv un 
known, as compound has not been gasihed 
[719°-723°] (Carnelley, C J 29, 497) S (t 2° 
2 205 (Schiff, A 108, 23) S H (23°-99°) 1042 
(liegnault, A Ch [3] 1, 129) S (0°) 49 6, 
(10°) 60, (20°) 74, (30°) 93, (35°) 104, (40°) 
110, (60°) 120, (60°) 129, (70°) 130, (80°) 
142 , (90°) 147 (95°) 151 , (99°) 154 

(Mulder, / 1860 66) HF [Ca,C12] = 169,820 , 
tCa,CF,Aq'' « 187,230 (Thomsen) 

Formation —In making NH, by the action 


of CaO^, on NH^ClAq , also as a by product 
in many chemical manufactures 

Preparation — 1 Pure CaCOg is dissolved m 
pure HClAq , the solution is evaporated to dry- 
ness and heated to about 200° — 2 Ordinary 
marble or chalk is dissolved in HClAq, Cl is led 
into the acid liquid until all Fe and Mn salts are 
completely oxidised Milk of lime i« added to 
alkaline reaction, the whole is digested, the 
liquid 13 filtered from lime and pj^'J , oxides of 
Mg, Fe, and Mn, neutralised by HClAq, and 
evaporated as in 1 

Ptoperties and Reactions — A white, porous, 
very deliquescent, solid after molting and 
cooling it IS distinctly crystalline Absorbs 
moisture rapidly hence is much used for drviii^. 
gases, Ac , if the CaCl^ to be used must be fiee 
from CaO, e g for drying CO , it should be' placed 
for some time in a stream of CO^ and the n of 
dry air at the ordinary temperature CaCl is 
very soluble m water and alcohol, much less 
soluble in HClAq It 1 partly decomposed by 
heating in air(D Weber, B 15, 2316), more com 
pletely by heating m O, with production of CaO 
Heated with KCIO3 or KCIO^, part of it is changed 
to CaO (Schulze, J pr [2] 21, 407) CaCl Aq 
IS used as a bath for maintaining temperatures 
above 100° , 50 parts CaCl^ in 100 parts H O 
forms a solution boiling at 112°, 100 CaCl in 
100 water, B P 128° , 200 Catll in 100 11 0, 
B P 158° , and 325 CaCl, m 100 H 0, L P 130° 
(Magnus, P 112, 408, Wullner, P 110, 564, 
Legiand, A 17, 34) 

Combinations — 1 With water to form 
hexagonal crystals of CaCl, 6H 0 [CaCl , 6H 0] 
= 21,750 (P/i 3,251), best prepared by evapora 
ting a solution of CaCO,, or CaO, m HClAq and 
ciystallising CaCl 6II 0 melts at 28° (Tilden, 
C J 45, 268) , heated to 290°, or placed in 
vacuo, the hydrate CaCl 2H,0^ remains 
This hydrate is also produced, according to 
Ditte (C R 92, 242), by saturating HClAq 
with CaCl, at 12 and cooling Hamcrl 
{Sitz W (2nd part) 72, G67) says that 
CaCl 4H2O 18 formed by repeatedly melting and 
coohng CaCU 6H,0 According to Dibbits 
{Ar N 13, 478) CaCl2 6H,0 loses 4H,0 m a 
current of dry air, and OH^O in dry air at 80° 

S G 123 of CaCl 6H 0, 1 612 (Kopp, A 93, 
129) 8H of CaCljOHjO (-20° to 2°) 346, 
(4°-28°) 647 , melted (34°-59°) 5601, (34°-99°) 
552, (100°-127°) 519 (Person, C R 23, 162) 
CE (cubical) for solid CaCljGH^O, Vi = Vo 
(1 + 000 645 1^- 000 053 lit + 000 001 906 t^) 
for interval 11° 26° (Kopp, A 93, 129) H F 
[Ca, CP, 6H O] - 191, 980 , CaClj GH^O dissolves 
in water with disappearance of much heat 
[CaCl 6H'O,Aq] = -4 340 (Thomsen) This 
salt mixed with snow produces great lowering of 
temperature , for use as a freezing mixture the 
salt 18 best prepared by boiling a cone solution 
until temperatuie rises above 129°, then allowing 
to cool, shaking well as the solid forms 
CaClj 6H,0 18 thus obtained as a fine dry 
powder, 4 parts are mixed with 3 parts dry 
snow Hamerl {Sitz W (2nd part) 78, 69) 
observed —64 9° by mixing this salt with dry 
snow, both cooled under 0°, in the ratio 
CaCL, 6H2O 8 45 H^O (as snow) CaCl^ 6H O , 
8 (0°) 72 8 , (13 8 ) 80 9 , (24 5°) 89 5 , (29 5°) 100 
(Hamerl, Sitz W (2nd pait) 72, 287) —2 With 
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ammonia forms CaClj5.8NH^ , dissociated by heat 
into OaCl^ and NH, , NH, a’so removed by dis 
solving in H 0 and passing in a current of air 
(Weber, jB 15,2316) Isambert (C B 66,1259) 
describes OaOlj 4NH3 and CaClj 2NH3 , he gives 
these thermal values 4[GaClS 2NH*] = 14,000 , 
i[CaCP, 4NH^] = 12,200 ^ Wa.C\\ 8NH=»] =» 11,000 
(C R 86, 968) — 3 With alcohol to form 
CaClj 2G^HaO , decomposed by HjO (Ghodnew, 
A 71, 21i 4 Johnson, J pr 62, 264) Forms 
combinations also with acetone (Hlasiwetz, 
A 76, 2')4) — 4 With lime to form 

CaClj dCaO 15H^O , prepared by boiling GaCI^Aq 
with GaO H^, filtering while hot, and allowing to 
cool , decomposed by H^O or G^H^O (Beesley, 
Ph 9, 568 , Itose, S 29, 155 , BoUey, D P J 
153, 202 , Grimshaw, C N 30, 280) —5 With 
platinhus chloiide to form GaGl^ PtGlj 8H^O , 
M P - 100° (Nilson, J pr [2] 15, 260) 

Calcium chlorid|^ hydrated, v Calcium, 
CHLORIDE OF , Combinations , '^0 1 

Calcium, Cyanide 8f Ga(GN)2 Said to be 
obtained by heating Ga ferrocyanide and dis 
solving out with water (Schulz, J pr 68 , 2d7) 
V Cyanidls 

Calcium, Fluoride of CaF^ Mol w un 
known, as compound has not been gasified 
[abt 902'^] (Garnelley, C J 33, ‘>80) S G 
3 15-3 18 (ScHroder, Dichtujheitsmessungen 
(Hfidelbcrg, 1873) , Kengott, Sitz IF 10, 20o) 
SH (21°-50°) 200(Kopp, r 155,71), (15°-99°) 
2154 (Itegnault A Ch [3] 1, 120) Index of 
refraction at 21° for line B=1452, line D = 
1 4339 , line F = 1 4370<) , line G = 1 43982 . 
line Ha* 1 44204 (Stefan, Sitz W 63 (2nd part), 
239) b (15°) 0001 (Wilson, J 1810 278) 
[CaH 0 ,2HFJ - 66,600 (Guntz, C R 97,1483, 
1558, 98 816) 

Occurrence — As Fluorspar, m octahedra, 
cubes,and other forms of the monometric system , 
fairly widely distributed in many rocks , in 
small quantities in many mineral waters, plant* 
ash, bones (Lassaigne, S 52, 141), enamel of 
teeth Ac 

Prepai atwn -^1 As a gelatinous mass, by 
decomposing an aqueous solution of a Ga salt by 
that of a fluoride — 2 As a granular powder by 
digesting freshly ppd CaCOj with HFAq — 3 
In small octahedra by digesting the gelatinous 
pp obtained in 1 with dilute HGlAq for 10 hours 
at 240° (SiLnarmont, ^ Ch [3] 32, 129 , bcheerer 
a Brechsel, J pr [2] 7, 63) 

Properties and Reactions — Transparent, 
colourless crystals, melting without dccom 
position at about 900° lorms easily fusible 
mass with BaS04, SrSO^, and many other 
insoluble compounds , hence much used as a 
flux Soluble in aqueous solutions of NH^ salts 
(Bose, P 79, 112) Not decomposed by fusion 
with KOH or NaOH.but partially by fusion with 
excess of alkali carbonates Decomposed, to 
CaO and HF, by heating to redness m steam , 
also decomposed by hot H^S04Aq, but only very 
partially by boiling HClAq or HNOgAq Said 
to be partly decomposed by Alj 8S04Aq (Friedel, 
Bl [2] 21, 241) 

Combinations — With hydrofluoric acid and 
water to form CaFj 2HF fiHjO , produced m 
■mall crystals by evaporatmg a solution of CaO 
m large excess of HFAq , decomposed to CaF, 


and HFAq by hot water (Fremy, A Ch [3] 47, 
35) 

Calcium, Hydrate of, CaGaH^, v Calcium, 

HYDROXIDE OF 

Calcium, HydroBulphide of, v Calcium 

SULPHYDRATE 

Calcium, Hydroxide of, CaO^IIj {Slaked 
lime ) Mol w unknown compound is decom* 
posed by heat S G 2 078 (Filhol, A Ch [3] 
21, 415) S G ^ (crystalline) 2 236 (Lamy, 
A Ch [5] 14, 145) S (15°) 13 , (54°) 103 , 
(100°) 08 (Dalton, New System, 2, 331) S (18°) 
13 , (100°) 07 (Bmeau, C R 41, 509, v also 
Lamy, C R 86, 333) HF [Ca,0,H20] » 
146,470, [CaO,H 0]» 15,540 {Th 3, 251) 
Preparation — 1 By adding to 1 part 
3 1 parts CaO — 2 By allowing Ga to oxidise in 
moist air -3 By adding KOHAq, or NaOHAq, 
to a cone aqueous solution of a Ga salt, collecting 
pp , washing well, and drying at 100° Gay- 
Lussac {A Ch 1, 334) obtained CaO^-, in 
small six sided plates by evaporating an aqueous 
solution over H bO^ in i acuo 

Properties and Reactions — A white, com 
pact mass , slightly soluble in cold, less soluble 
in hot, water [CaO H^Aq] =2,290 {Th 3, 251) 
Stronglyalkalinereaction CaO H^q neutralises 
acids with production of same quantity of heat 
as when 2NaOHAq or 2KOPIAq is used, viz 
about 31,000 for H SO^Aq, and about 27,900 for 
2HClAq (Thomsen) , also pps many heavy 
metals as oxides or hydroxides, and saponifies 
fats Moist CaH 0 absorbs CO^, forming CaCOj 
andH^O CaH O^Aq forms insoluble salts when 
neutralised by H SiOyAq, HjBOyAq, HjPO,Aq* 
Ac , pps are also formed by adding animal 
char, sand, Ac CaH^O, is soluble m solutions 
of cane sugar , on adding alcohol pps are 
obtained, said to have the compositions 
CaO C„H H,0, 2CaO OijH^O,, . 

3CaO C.^Lj.O,, , and 6CaO Cj^H ,0„ 
(Pelouze, J” 1864 572, Bowin a Loiseau, -4 Ch 
[4] 6, 203 , P61igot, A Ch [3] 54, 383 , D^on, 
Bl [2 ] 17, 15d , Berthelot, A Ch [3] 46, 173) 
CaH^O^ is much more soluble in glycerin than 
in water At ajpnght red heat CaH^O is decom 
posed to CaO + H 0 For reaction between Cl 
and CaH v Bleaching Powder under hypo 
CHLOR iTLS, under Chlorine, oxyacids of 

Calcium, Iodide of Cal^ Mol w unknown, 
as compound has not been gasified [631°] 
(Carnelley, C J" 33 279) S (0°) 192 , (20°) 
204 , (40°) 228 , (43°) 286 , (92°) 435 (Kremers, 
P 103, 65} H F [Ca, Pj» 107,250. 
[Ca, Aq] = 134,940 {Th 3, 251) 

Formation — By the action of HIAq on 
CaO H , or of I on CaS suspended in water 
(Li^a Bodart a Jobm, A Ch [3] 54, 363) 

Preparation —To 1 part amorphous P and 
40 parts H^, 20 parts I aie slowly added ‘ the 
whole is digested at 100°, the colourless liquid 
IS neutralised by milk of lime, and evapotraed 
m an atmosphere free from COj (Liebig, A. 
121, 222 , Wagner, C C 1802 143) 

Properties and Reactions — White, deliquee- 
oent mass , very soluble in water and alcohol , 
undecomposed when melted out of contact with 
air melted m air gives CaO and I Cone 
CaljAq dissolves I , on evaporation %n vacuo 
crystals of a periodide are said to be obtained. 
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Absorbs ONH, (Isambert, C A 66, 1259) Forms 
an easily decomposed double compound with 
Agl , Calj 2AgI 6HaO (Simpson, Pr 27, 120) 

Calcium hydroxyhydrosulphide v post under 
Calcium bulphtdbatb 

Calcium, Oxides of Two oxides are known , 
CaO a strongly basic compound, and CaOj which 
acts as a peroxide CaOg cannot be formed by 
the action of O on CaO (comp BaO ) 

I Calcium monoxide CaO {Lime, burnt 
linie) Mol w unknown, as compound has not 
been gasified S G 3 15 (bchrOder, P Jubdbd 
452) , S G (crystalline, by heating Ca2N03) 3 211 
(Brugelmann, W 2,466, 4, 277) S variable 
according to state of aggregation of the CaO <fec 
Lamy {A Ch [5] 14, 14o) gives the following 
numbers representing grams of CaO m 1000 
giams of solution , CaO being made (1) by 


heating Ca2NO„ (2) by 
heating Ca02H2 — 

heating CaCO,, (3) by 

Temn 

Cl) 

(2) 

(3) 

0 ® 

1362 

1 381 

1 430 

10 

1311 

1 342 

1 3S4 

15 

1277 

1299 

1 348 

30 

1 142 

1 162 

X 195 

45 

0 996 

1 005 

1 033 

60 

0 844 

0 868 

0 885 

100 

0 562 

0 576 

0 584 

H 1 [Ca, 0] 

= 130,930 

, [Ca, 0, Aq] 

= 149,260 


{Th 3, 251) 

Preparation — Pure marble or Iceland spar, 
IB strongly heated in a crucible with a hole in 
the bottom to allow escape of CO , or a piece of 
charcoal is placed in the crucible beneath the 
marble, CO is thus formed and sweeps out the 
COj with it CaCOj IS not completely decom 
posed when heated in an atmosphere of COj , 
V CALCIUM CARBONATE, Under Carbonates 
Sestini (Pr 4, 51) stiongly heats powdered 
marble with sugar, washes Mith H O dissolves 
in HNOjAq, pps CaCOj by (NHJ CO^q and 
strongly heats the dried pp By sti ongly heating 
Ca2NO„ in quantities of about 15-20 grams at 
a time, in a porcelain flask, Brugelmann (W 
2, 466 , 4, 277) obtained cubical crystals of CaO , 
semitransparent, harder than the amorphous 
form, and less easily acted on H O and CO^ 

Properties and Reactions — White, amor 
phous (or crystalline v supra) powder docs not 
fuse at full white heat Strongly basic , reacts 
with most acids to form salts CaO is decom 
posed by heating to whiteness with K , heated 
in Cl, CaClj 18 formed CaS is produced by 
heating with S, and CaS and CaCO, by heating 
in CSj CaO does not combine with 0 {v Conroy, 
C J [2] 11, 809) 

Combinations — With carbon dioxid‘> to form 
CaCO, (but dry CaO does not react with CO, 
Scheibler, B 19, 1973) , combination begins at 
about 400® {v Bimbaum a Mahn, B 12, 1547) , 
[CaO, 00^ = 42,520 {Th 3, 251) Heated with 
silica or ilicates, silicates of Ca are formed, 
which in contact with water set to a hard com 
pact mass (hydraulic mortars) With water, 
CaO^H, 18 formed with production of much heat 
[CaO, H^O] = 15,540 (Thomsen) , the lime is 
said to be slaked 

II Calcium dioiidb, CaO, {Calcium per- 
oxide) Mol w unknown Prepared by adding 
pure HjO^Aq to excess of OaOAq, or by adding 
excess of CftOAq to Na,0,Aq containing some | 


HNOsAq , collecting pp , washing well with ooMi 
water, and heating the CaO, 8H,0 thus produced 
in a current of dry air free from CO, to lOCT — 
120® Forms a snow white crystalline powder , 
does not melt at red heat but gives off 0 and 
forms CaO The hydrate CaO, 8H,0 is slightly 
soluble m H,0, in contact with H,0 it slowly 
decomposes to CaO,H Aq and H , soluble in 
NH^ClAq, but not m NH^Aq , dissolves easily in 
dilute acids even m HC,H,Ofiq, without 
evolution of 0 It forms prismatic dimetrio 
crystals isomorphous with BaO, 8H,0 and 
SrO 8H O (Schone) (Th^nard, A Ch [2] 8, 306, 
Conroy, C J [2) 11 808 , Schone, B 6, 1172) 

Calcium oxide, hydrated, CaO,H,, v Cal 

CIUM, HYDROXIDE OF 

Calcium Oxybromide of, CaBr, 3CaO 15H O 

V Calcium, bromide of, Ptoperties * 

Calcium, Oxychloride of, CaCl, 3CaO 15H O, 

V Calcium chloride of , Combinations, No 4 

Calcium, Oxysulphidet of v Calcium fol\ 
8ULI HIDES , under CalciiJm, sulphides of 

Calcium Phosphide of When Ca and P are 
heated under rock oil, and the unacted on P is 
dissolved out by CS,, a black powder remains 
which IS acted on by H O and acids with pro 
duction of PH,, this black powder is said by 
Vigier to be Ca phosphide {Bl 1861 5) By 
s<^rongly heating CaO m P vapour a brown, 
amorphous mass is obtained , Vhen heated with 
cone HClAq, non inflammable PH, is evoN'cd, 
but with dilute HClAq the gas evolved takes 
fire Probably in the first case liquid PH is 
formed and at once decomposed to gaseous PH, 
and solid P,H , in the second case the decomposi- 
tion of PH proceeds more slowly, so that some 
IS carried into the air with the PH, and causes 
the combustion (Th6nard A Ch [3] 14 12) 
The brown substance got by heating CaO in 
P vapour 18 said to be a mixture CaP and 
Ca P O7 (Th6nard, I c ) this brown substance is 
described by Th6nard as a very hard solid , un 
changed m dry air , deliquescent in moist air , 
burns when heated in air , acted on by water 
free from air gives CaOAq and PH, PH, decom 
poses to PH, and P,H, and the P,H is decom 
posed by the CaOAq to Ca(H,P02),Aq and H 

Calcium, Salts of Compounds obtained by 
replacing H of acids by Ca These salts form 
one series CaX, where Xa^Cl,, (NO,), 80^, 
CO,, ^ PO^, &o They are generally formed by 
the action of CaO or CaO,H2 on the acids in 
aqueous solution, or by the decomposition of 
salts of the heavier metals by CaO^H^Aq As 
none of the Ca salts has been gasified, the 
formulffi are based partly on similarities between 
these salts and those of analogous metals which 
form gasihable compounds chiefly Zn, Cd, and 
Hg and partly on the fact that the general 
formula CaX, is the simplest that can be given, 
provided the atomic weight of Ca is about 40 
(this has been established by analyses of CaOl,, 
CaCO, &c and by determinations of the 8 H of 
the metal , v Calcium) Salts of Ca derived 
from a great many acids are known , they are 
well marked stable bodies , many form double 
salts , few basic salts are known Most of the 
Ca salts are soluble m water , the more insoluble 
are the arsenite carbonate fluoride oxalate, 
phosphate sulphate and sulphite With the 
exception of CaF, all the salts are more or less 
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Bolable m dilute acids The Ca salts of non- 
volatile acids are generally undecomposed by 
heat Ca salts derived from a great many acids 
are known (v Borates, Carbonates, Phosphates, 
Sulphates, <&c , *0 ) 

Calcium, Selenide of CaSe Mol w un 
known White solid, rapidly changing in air, 
prepared by heating CaSeO^ to dull redness in 
H , [Ca,8e] « 78,000 (Fabre, C B 102, 1469) 

Calcium, iBeleniocyanide of (? CaSe (CN)^) 
Piobably exists Data very meagre (Crookes, 
J pr 63, 161) 

Calcium, Sulphides of One calcium sul 
phide, CaS, is known as a solid , solutions 
which most probably contain Ca8^ and CaS , 
respectively, have been prepared The sulphides 
of Ca are decidedly less basic than those of 
Ba, e g "they do not react with the sulphides of 
the negative metals As and Sb to form thic 
salts 

I Calcium MONOsifLPHiDE CaS Mol w 
unknown H F solid,* from solid materials 
[Ca,S] = 92,000 (Sabatier, ^ Ch [5] 22, 598) 

Preparation — 1 H S is passed over CaO H 
kept at about 60°, the sole products are Cab 
and H.^0 If the reacting bodies are perfectly 
dry the change does not occur (Velev, C J 
47, 478) — 2 By gently heating crystals of 
CaS 6H 0 (g u ) in H^S , the product con 
tains some CaO llj (Divers a Shiinidzu C J 
45, 370) Schone’s method, heating CaCO^ in a 
mixture of COj and H S (P 112, 193) is said 
by Divers to yield a mixture of Cab and CaO 
in the ratio llCaS 5CaO (C J 45, 282) 

Properties and Reactions — A white amor 
phouB sohd , soluble in water with gradual 
decomposition, giving H^S, and solution of 
Ca SH OH {q v ) which then slowly decom 
poses m air forming CaS^OgAq and CaS Aq 
(Divers a ^himidzu, I c ) The impure Cab 
produced by heating CaO with CS^, or CabO^ 
with C, IS not soluble in, although it is partially 
decomposed by, water Perfectly dry CaS does 
not absorb CS^ , but in presence of H O a basic 
calcium thiocarbonate, 2 Ca 02 H^ CaCSs lOH^O, 
18 produced (Velcjy, C J 47, 486) Sabatier 
{A Ch [5] 22, 698) gives the thermal value 
[Ca,S] = 92,000 , [CaS, Aq] «« 6,010 pure mate 
rials) 

II Calcium polysulphides When CaS 
(prepared by heating CaO in CSj and CO^ and 
tlierefore containing some CaO) is boiled with 
b and H^O, it dissolves, forming an orange red 
liquid , the quantity of S which goes into solu 
tion corresponds with that required to form 
CaS 4 and CaSj , if more 8 is used it is deposited 
on cooling the liquid , if less S than Sg to CaS 
18 used, some of the CaS remains undissolved 
Both solutions are decomposed on concentration 
with ppn of CaO and S, and evolution of 
H^S {v Sch6ne, P 117,68) Warm CaS ^H^Aq 
dissolves S very readily, foiming a solution of 
CaSg and evolving lIjS , this solution is com 
pletely decomposed (if cold and dilute) by HjS 
forming CaS^H^Aq with ppn of S (Divers a 
Shimidzu, C J 46, 270) 

OaS^Aq is decomposed in contact with air 
By boihng 8 parts CaO, 1 part S, and 20 parts 
H^O for some time, and allowing to stand for 
several days, orange red needles are obtained of 
8CaO CaS,.12HaO (HerBchel, N Ed. P J 1 , 8 . 


Schone, P 117, 68), 2CaO OaS^ 10 or 11 HO 
according to Geuther {A 224, 178) If CaS 
(prepared by action of CSj and CO, on CaO) is 
boiled with much water and filtered hot, CaSO, 
IS said to separate out and then yellow needles 
of SCaOCaS 20Hp (H Bose, P 66, 433), 
or 4CaO CaS, lSB.fi (Schone, P 117, 68), or 
3CaO CaSg, 14 or 15 HP (Geuther, A 221, 
178) These oxj sulphides are easily decomposed 
Calcium, Sulphocyamde of Ca(CNS )2 By 
saturating HCNSAq with CaCOg, v sulpho 
oyanidls, under Cyanides 

Calcium Sulphydrate (or hydrosulphide) , and 
Calcium hydroxy sulphydrate (or hydroxy 
hydrosulphide) CaSp 6H 0, and 
Ca SH OH 3H 0 By passing Hp into a 
solution of CaO containing solid CaH^O„, 
CaS H^ 6H O is formed 1 part CaO is added to 
3-4 parts warm water , when cold, Hp is passed 
into the semi solid substance until all has dis 
solved, more CaO is added, little by little, the 
whole being suirounded by ice, and Hp i3 
passed in until a little CaO remains un 
dissolved , the liquid is quickly decanted into a 
tube kept m ice , the crj stals which separate 
are drained and a current of dry H S is swept 
over them at 0° Air must be excluded during 
the entire operation (Divers a Shimidzu, C J 
45, 270, Veky, C J 47, 478) CaS,H, 6H O 
forms colourless prismatic crj stals, which melt 
in their water of crystallisation, giving off H S 
and forming Ca SH OHAq and CaO^Hj Al 
about 15°-18°, H b is evolved even in an atmo 
sphere of H S CaSp 6H 0 is very soluble in 
water and alcohol CaSjH Aq is slowly oxidised 
in contact with air, giving a little Cab OgAq and 
CaSjAq Thomsen (T/i 3, 251) gives the thermal 
value [Ca,S ,H ,Aq] = 115,250 

References — Pelouze, C R 62, 108 , H 
Bose P 65, 433 , Berzelius, /S' 84,12, P 6,442, 
Bdttger, A 29, 79 , 33, 344 

When a stream of H is passed through 
an ice cold solution of CaS H , crystals of 
Ca bH OH 3H O are formed, and H S is evolved 
The same compound is formed by the combi 
nation of Hp with CaS, as in the interior of 
heaps of soda w«te , and by the mutual action 
of CaO H and H^S, as in the purification of coal 
gas Calcium hydroxysulphydrate crystallises 
in colourless four sided prisms , it is soluble in 
water with decomposition into CaS^H^Aq and 
CaO Hj , insoluble in, but slowly decomposed 
by, alcohol (CaS^H, goes into solution and 
CaOPa remains, Divers a Shimidzu, C J 45, 
270) It absorbs CSj forming a basic thiocar 
bonate 2CaOp CaCSg lOHp , it is the active 
agent for absorbing CSg in gas purification 
(Veley, C J 47, 478) M M P M 

CALLUTANNIC ACID C.p.Pg Occurs in 
Calluna vulgans, the common Ling The green 
parts are extracted with alcohol, water is added, 
and from the filtrate the lead salt is ppd by 
Pb(OAc)g. Amber coloured mass Its solution 
in alkalis rapidly absorbs oxygen from the air 
Beduces AgNOjAq Fe Cl„ gives a green colour 
Dyes mordanted wool sulphur yellow — 
Salts -(PbC,p,20«)2(PbO),aq(?)- 
(PbC„H,A),(PbO).2aq(?)- 
Sn(C,.H„0.),(3n0l2aq(?) 

Boiling dilute mineral acids convert callutannie 
acid into calluxanthin Ci^HjP^ a yellow floocu 
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lent pp , si sol cold water, v sol hot water 
and alcohol Its alkaline solutions rapidly ab 
sorb oxygen from the air (Roohleder, A 84, 354) 
CALMUS V Calamus 

CALOMEL Mercurous chloride (HgCl) V 
Mercuut, chlorides of 

CALOPHYLLUM EESIN [105°] 

S G 1 12 A resin from Galophyllum calaha or 
longifoliiim of South America baid to give 
butyric acid on oxidation (Levy, C R 18, 212 ) 
CALOEIMETEB Instiument for measuring 
quantities of heat V Physical methods, Sect 

THERMAL 

CALYCIN [240° uncor] Occurs 

in a yellow lichen, Calycium chrysocepluiluniy 
from which it is extracted by boiling ligroin 
(Hesse, 13, 1816) Sublimable Yellow needles 
or prisms S sol cold petroleum spirit, petro 
leum ether, ether, alcohol, and acetic acid, more 
easily in the hot solvents By strong aqueous 
KOH it 18 split up into oxalic and phen>l acetic 
acids Carbonated alkalis give salts of calycic 
acid 


CAMELUN A glucoside occurring 

in the seeds of Ctunellia japonica (Katzujama, 
Ar Ph [3] 13, 334) Extracted bv alcohol, and 
ppd by lead acetate White powder with bitter 
taste, insol water Somewhat resembles digi 
talm 

CAMPHANIC ACID C,oHi,0, i e 

C„H, 3 (C 0 ,H)<[ I Oxy camphortc anhydride 

\co 


From bromo camphoric anhydride, the product 
of the action of bromine on camphoric anliy 
dude, by treatment with water (Wieden, A 1(> 1, 
330, Woringer, ^ 227, 3) From campholic 
acid and bromine (Kachler, A 162, 264) Formed 
also as a by product in the preparation of cam 
phone acid by oxidation of camphor with HNO, 
(Poser, D 18, 3112) According to Fittig {A 
172, 151) it is a lactonio acid, formed vid 

C,H„Br<^Q>0 and C,H„{OH)(CO H), 

Properties — Feathery crystals or prisms 
(from water) Monoclinic, a 6 c = 1 2723 1 1 522 
/8 = 66°34 

Salt — BaA'jS^aq 

Beaetton — 1 On distillation camphanic acid 


gives CO 2 , campholactone C^H 



and lauro- 


nolic acid CgHijCO^H. — 2 KoCrp^ and H^SO^ 
oxidise it to camphoromo acid (Bredt, 

J3 18,2989) 

CAM PHENE V Terpenes 
CAHPHENOL v Borneol and Cineol 


CAMPHENYL-p TOLYL-AMIDINE 

C,^H,jC(NH 2 ) NC^Hy [115°] Fine white glisten 
mg needles (from ligroin) Formed by heating 
campholenonitrile C„H,^CN with p toluidine 
hydrochloride at 250° (Goldschmidt a Koreff, 
B 18, 163^ 

CAMPmC ACID C.gH.gOj S 14 at 19° 
[a]D ■» 15°45' (m alcoholic solution) Formed to 
gether with camphoric acid by passing air 
through a boiling solution of sodium camphor, 
CujHjjNaO in xylene Thick mass, v sol alco 
hoi and ether KMnO. oxidises it to camphoric 
Rcid The calcium salt distilled with calcium 
fonnat© give© camphor and camphrene CgH,<0 


(c 233°) (Montgolfier, A Ch [5] 14,70, C 22. 
88, 916) 

CAMPHILENE v Terpenes 

CAMPHIMIDE or C,H, (?) 

Formed together with dicamphorilimide by dis 
tilling the hydrochloride of amido camphor {v 
Camihor) with steam (bchiff, B 13, 1405) 

CAMPHlNE t; Teuppni-s * 

CAMPHO-CAEBOXYLIC ACID t? Camphou 
carboxylic acid 

(a) CAMPHOGLYCDEONIC ACID C,eH„0, 
[130 ] S 5 [a]p=— 33° Occurs, together 

with uramido camphoglycuronic acid in the 
urine of dogs that liave taken camphor (Schrnio 
deberg a Mevei.Jf 8,422) Small thin lami me 
(containing aq) , v e sol alcohol and hot 
water insol ether Boiling dilute HCl splits it 
up into glycuronic acid GHmO, and cr\stalline 
oampherol C,uH„,0 [198^] HNO, oxidises 
It to camphoric acid^^BaA" — LaA' 2aq — 
AgHA' j-aq 

{&) Camphoglvcuronic acid C,bH ,Og An 
amorphous modification of the pieccding, 
forni* d l)\ wanning it with b iiyta — AgHA" 3aq 
crystals, moie soluble than the Ag salt of the 
(a) acid 

CAMPHOL a name for Borneoi {q v) 

• 0Q 

CAMPHOLACTONE CJl,^/ | P50°] 

\ O 

(230° 235°) From camphanic acid by distilla 
tion, together with liuronolic acid (Woringer, 
A 227, 10) blender needles (from water) 
Has a pungent odour of camphor Like other 
laetones its solution beeomes cloudy when 
g( ntl) heated, but the oily drops afteiwarda 
dissolve up again Volatile with steam K CO, 
separates it from its aqueous solution When 
boiled with baryta the salt of the corresponding 
oxy acid, ChH,,(OH)CO H, is formed 

CAMPHOLENE CpH.e (136°) VD 4 35 
Prepared by the action of dehydrating agents on 
campholic acid (Delalande, A 38, 340) and by 
distilling potassium camphotate with soda lime 
(Kachler, A 162, 266) Probably identical with 
the hvdrocarbon got by distilling the calcium 
salt of campholenic acid (Goldschmidt, B 
20 , 483) The name campholene has also 
been given to C,H ,4 (c 123°) obtained by the 
action of dehydrating agents on camphoric acid 
and its amides (Ballo, B 12, 324) 

CAMPHOLENIC ACID t e 

CpHu CO 2 H orCgH„(CO H) CHj Oxy camphor 
(c 200°) Colourless oil Formed by saponi- 
fication of its nitrile which is obtained by heat- 
ing camphoroxim with acetyl chloride Formed 
also by treating an alcoholic solution of (8) di 
bromo camphor with sodium amalgam (Gold- 
schmidt a Zurier, B 17, 2009, Kachler a 
bpitzer, B 17, 2400 , M 3, 216, 4, 643) The 
Ca salt on diy distillation yields CyH,,, possibly 
campholene (Goldschmidt, B 20, 483) Oxi 
dising agents give oxy camphoromo acid At 
250° the NH^ salt gives the amide [127°] — 
NH,A'— BaA'2 4aq 

Amide CpH,, CONHj Isocamphoroxim 
[125°] Glistening plates , sol alcohol, ether, 
and cone acids Formed by heating the nitrile 
with alcoholic KOH, or by heating the ammo- 
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nium salt of the acid to 250° By distillation 
with it yields the nitrile (Nageh, B 17, 
B05 , Goldschmidt a Zurrer, B 17, 2069) 

Nitr%le — CuHjjCN (216°) Formation — 
1 By heating camphoroxim with AcCl which 
removes HjO — 2 By distilling campholenamide 
(isocamphoroxim) with Reactions — 1 By 

heating with alcoholic KOH it is converted into 
campholenamide By long boiling with alco 
hollo KOH 1% yields campholcnic acid — 2 By 
heating with hydroxylamine it gives an amid 
oxim C,oH,„N^O which crystallises in white 
plates melting at [101°] — d Reduced in alco 
holic solution by Zn and HCl to the amine 
C,H„CH2NH2 (Goldschmidt a Zurrer, B 
17, 20G0, Goldschmidt a Koreff, B 18. 

1634) — 4 Successive treatment with sodium 
amalgam and HCl yields Ci^Ha^NgCl , the hydro 
chloride of camphyl di phenyl hydrazinamme 
C,H,,(CH NHJN.H Ph [157°] (Balbiano, 
O 17, 155) * 

Nitro campholenio I acid C,nH,4(N0^)02 
Nitro oxy camphor [1G4°] (Z ) , [170°] 

(K a S ) Formed by nitration of campholcnic 
acid (Zurrer, B 18, 2228 , Kachler a Spit/er, 
M 4 643, B 15, 2 > 16 , Swaits, B 15, 2135) 
Monoelinic pvramids, a6c=7Gl 43, & — 

80° 18 Sol hot alcohol and ether Reduced by 
tin and HCl to amido campholcnic acid whose 
hydrochloride crystallises m 1 iminas [250°] 
CAMPHOLIO ACID C.oH.^O^ Mol w 170 
[95°] (K ) , [106°] (M ) [a], = 50° (in alcohol) 

Formation — 1 By passing camphor vapour 
over neaily rod hot potash lime (Delalande, 1 
Ch [3J 1, 120)— 2 By adding potassium in 
small pieces to a solution of camphor (1 pt ) in 
boiling petroleum (3 pis') at 130° (Malm A 
145, 201) — 3 By boiling camphor with alco 
liolic KOH (Kachler, A 162, 259) — 4 By 
heating can^phor with Na at 2b0° (Montgolfier, 
A Ch [5] 14, 99) 

Properties — Monochnic prisms (from dilute 
alcohol) or nodular groups of lamime (from 
ether alcohol) V si sol water , volatile with 
steam 

Reactions — 1 ■‘HNOg gives first camphoric 
and then camphoronic acids — 2 Moist Br 
gives at first camphoric ac id, then bronio 
camphoiic anhjdnde, and lastly ox> camphoiic 
anhydride C,„H,^0^ — 3 PjOj gives campholene , 
red hot soda lime acts similarly 

Salts — KA'2aq laminiB — CaA'^aq — 
AgA 

Chloride (224°) (Kachler, A 162,265) 
CAMPHOR C,„H,eO Mol w 152 [175°] 

(204°) SG 992 SI S (alcohol of 
SG 806) 120 VD 5 32 73 11 (in 

a 32 3 p c benzene solution) (KanonnikolT) 
[a]n = 55 4— 1372 q (where q = no of gims of 
alcohol in 100 grms of solution) 

Occurs in the wood and bark of Laurus 
camphora, from which it is extracted by distil 
lation with steam followed by sublimation 
Varieties of camphor occur also in several essen 
tial oils {v infra) Camphor may be recovered 
from its bromo derivative by the action of 
nascent H or of alcoholic KOH (Schiff, B 13, 
1407 , 14, 1377) Camphor is also formed by 
distilling calcium camphate with calcium for- 
mate and by oxidising deztro and lecvo rota 


tory borneols (Montgolfier, 0 B 8$, 915 , A Ch, 
[6] 14, 20) 

Properties — Hexagonal prisms, terminated 
by hexagonal pyramids (Descloizeaux, A Ch 
[3] 56, 219 , Cazeneuve a Morel, C B 101, 
438) Tough, with peculiar odour, sublimes 
at ordinary temperatures Small pieces rotate 
upon pure water V si sol water, v sol 
ordinary solvents Camphor is dextro rotatory, 
the rotation varying greatly with the nature 
and strength of the solvent (Arndtsen, A Ch 
[3] 54, 403, Landolt, A 189, 334) Its re 
fractive power is that of a saturated compound 
(Gladstone, C J 49, 621) 

Reactions — 1 Camphor (5 kilos ) gives, 
when oxidised by HNOg, (1 7 kilos of) pure cam 
phone acid msol cold water, and (1 8 kilos of) 
crude camphoronic acid Besides camphoronic 
acid the soluble portion contains ( 1 kilo of) 
dinitroheptoic acid, and ( 2 kilo of) acids 
CyHj^Og (hydro oxycamphoronic acid), CgHijO^, 
CjHjjOj (?) [145°], and another acid A very 
small quantity (2 g ) of mesocainphorio acid, 
CjoH^O^, IS also got This forms woolly needles, 
soluble in cold water [120°] - 2 By oxidation 
with CrOg it gives camphoionic acid CpH,^0, 
and hydro oxy camphoronic C„PI,40g but not 
adipic acid (Kachler, B 13, 487 , cf Ballo, B 
12, 1397) Alkaline KMnO^ gives camphoric 
acid (Grosser, B 14, 2507) — 3 The chief pro 
ducts of the dry distillation of camphor with 
ZnCl^ (2 pts ) are m methyl isopiopyl benzene 
(m cymene) and (1 2 4) di methyl ethyl benzene 
(lauiene), together with smaller quantities of 
(1 2 3 5) tetra methyl benzene (isodurene), 
carvacrol, camphorone, and various other bodies 
(Armstrong a Miller, B 16, 2255) such as CH^, 
benzene, toiuene, xylene, and if cumene (Fittig, 
A 145, 129 , Rommier, Bl 12, 383 , Lippmann 
a Longumine, i? [2] 5,413, Montgolfier, A Ch 
[5] 14, 87) —4 By the action of iodine it yields 
a hydrocarbon CjoHjo, carvacrol, (1 2 4) di 
methyl ethyl benzene, (1 2 3 5) tetra methyl - 
benzene, and traces of ordinary cymene (A a 
M , cf Armstrong a Easkell, B 11,151, Ray 
man a Preis, B 13, 346) — 5 By treatment 
with ordinap' cymene is formed, which is 
also the chief product of the action of but 
accompanied in the latter case by small quan 
titles of m methyl isopropyl benzene and tetra 
methyl benzene (Delalande, A Ch [3] 1,368, 
Armstiong a Miller, B 16, 2255) — 6 By dis 
t illation over red hot zinc dust a mixture is 
foimed of toluene, qi xylene, cymene, and a little 
benzene (Schrotter, B 13, 1621) — 7 Cone 
H SO4 forms camphrene or camphorphorone 
C„Hm^ (Chautard, C B 44, G6 , Schwanert, A 
123, 298) — 8 Boiling alcoholic KOH forma 
camphoiic acid and borneol (Berthelot, A Ch 
[3] 56, 94 , Bl [2] 17, 390 , Montgolfier, Bl [2] 
18, 114 , 25, 13 , Wheeler, A 146, 84 , Kachler, 
A 162, 268) Camphoiic acid is also formed by 
passing camphor vapour over heated soda lime 
9 Cl has no action, but in presence of alcohol 
or PCI, chlorination ensues (Claus, J pr 25, 
257) — 10 HCIO forms chloro camphor — 11 Br 
forms CjoHj^OBrj which readily splits up into 
HBr and bromo camphor — 12 ICl at 250° 
forms CCI4, C^Clfl, and G^Clg — 18 PCI, forms 
CjiHiftClg — 14 Camphor absorbs HCl (Bineau, 
A Ch [3] 24, 328) Aqueous HCl at 170° 
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splits it up into HP and cymene (Alexejefif, 
J R 12, 187) — 16 Camphor absorbs SOj„ 
becoming liquid — 16 It also absorbs NOj — 
J7 Cone HIAq at 200° forms C.^H,, (163°), 
C„H„ (135°-140°), and (170°-176°) 

(Weyl, ^ [2] 4, 496 , B 1, 96) —18 Sodium 
amalgam has no action — 19 Na acting at 90° 
on a solution of camphor in toluene forma 
sodium camphor and sodium borneol (Baubigny, 
Z [2J 2, 408 , 4, 298) (c/ p 672) —20 CO^ gas 
passed into the product of the action of Na on 
camphor in toluene forms the carboxylic acids 
of camphor and of borneol (Baubigny, Z [2] 4, 
482, 647) Air passed into the same mixture 
forms camphoric acid (Montgolfier, A Ch [6] 
14, 75) — 21 Camphor does not combine with 
NailSO, (Fittig a Tollens, A 129, 371) — 
22 AcCl has no action — 23 Conierted in the 
animal economy (of a dog) into camphoglycu 
ronic acid {q v ) — 24 Meltea camphor absorbs 
BFj forming C,oH,(OBF 3 [70°J , when this is 
heated for 24 hours there is formed cvmene and 
its polymeridcs, CyH,^, C H, and other h\dro 
carbons (Landolph, C R 86, 539) — 25 Chloral 
hydrate forms an unstable molecular compound 
with camphor It is a viscous liquid, sol alco 
hoi and CHCl,, insol water (Cazeneuve a Im 
bert, Bl [2] 34, 209 , Zeidler, J 1878, 645) — 
26 By heating with ammonium formate 
at 220° -240° it yields form;yl bornylamine 
.CH, 

CbH, 4 ^ I (Leuchart a Bach, B 20, 

\CH NHCHO 


104) — 27 It does not react with phenyl cyanate 
(L a B ) — 28 Hydroxylamine forms an oxim, 

V Camphoroxim 

Phenyl hydrazide (233°) 

at 10 mm From camphor and pbenjl hydra 
zine Oil Split up by dilute HCl into cam 
plior and phenjl hydrazine, and by dry HCl 
into aniline and the nitrile of campholenic 
acid (Balbiano, Q 16, 132) 

Constitution — The action of hydroxylamine 
on camphor coupled with the fact that camphor 
does not combine with NaHSOg indicates that 
it 18 a ketone The ready formation of benzene 
derivatives indicates a six carbon ring Its opti 
cal properties are those of a saturated compound, 

V also Terpenes 

The two following formulie amongst others 
have been proposed for camphor 
CH, C(C,H,) CH^ 

I I 1 (SchiH, A 226, 249 , Kanon 

CH2C(CH3) CO 

nikoff, J pr [2] 32 511, cf Kekul6, B 6, 931), 
CH^CH^CH CH, 

I I I (Aimstrong a Miller, B 

CHjCHCH, CMeCO 
16, 2266) V also Terpenes 

Chloro - camphor C,oH,5C10 [95°] From 

camphor and cone HClOAq (Wheeler, Am S [2] 
45, 48, A 146, 81) Crystalline powder (from 
alcohol) , at 200° it gives off HCl Decomposed 
by alcoholic AgNO^ 

(a) Chloro camphor C,oH„C10 [84°] (C ) , 
[93°](B) (246°) [o]j - 90° Formed by passing dry 
Cl into a solution of camphor (760g) in absolute 
alcohol (230g ) (Cazeneuve, C B 94, 1530 , Bl 
[2j 38, 9, 44, 161) Formed also by heating 
chloro camphor carboxyhc acid (Schifl a Puhti, 
B 1C, 887 , Balbiano, Q, 17| 96) Hard, brittle, 


monoclmio needles, smelling like camphor; 
tile with steam Not decomposed by alcohoUa 
AgNOj Sodium amalgam reduces it to cam- 
phor , the copper zinc couple, and hot soda 
lime, act similarly Alcoholic KOH at 180° 
gives borneol Phenyl - hydrazine forma 
C.oH„(N,HPh)(N,H,Ph) [66°](B) 

()8)-Chloro camphor C,oH„C10 [100°] (246°) 
[o]j =57° Deposited from the mother liquor 
after the preceding has sepaiatei^ (Cazeneuve, 
C R 95, 1368, Bl [2] 39, 116) Soft, minute, 
needles, more soluble than the preceding , mis 
cible with boiling alcohol Not decomposed by 
alcoholic AgNOg, but converted by boiling alco- 
holic KOH into the preceding body Phenyl 
hydiazme produces the same compound [56°] as 
with the preceding (B ) 

(o) Di chloro camphor C,„Hu<^L,0 [9G°] S G 

4 2 [a], = 67 3° (in alcohol or chloroform) 

h ormed by passing dry chlorine for several hours 
into camphor dissolved in absolute alcohol at 
80°-90° The product is ppd by water and 
crystallised from alcohol (Cazeneuve, C R 94, 
730, 1058, Bl [2] 37, 454) Tnmetnc prisms 
(from alcohol) , a 6 c = 1 8358 1 1 4820 , si sol 
cold, V sol hot, alcohol , almost insol water 
but rotates upon it Abo\e 150° it blackens, 
giving off HCl Insol HOAc (diffeience flora 
camphor) It forms a liquid combination with 
aldehyde 

{$) Di chloro camphor C,oH,^Cl O [77°] [a]j 
= 67 4° (in alcohol) , 60 6° (in CHCl,) Ppd by 
adding water to the mothei liquor from which 
the preceding has crystallised (Cazeneuve, C R 
94, 1360 , Bl [2] 38, 8) Crystallises from al- 
cohol with difficulty, V e sol alcohol, ether, 
and chloroform, liquefied by chloial hydrate 
(difference from the preceding) 

Tn chloro camphor CioHjgClgO [54°] [o] 

= 64° (in alcohol) Formed by saturating chloro 
camphor with chlorine at 100° (Cazeheuve, C R 
99, 609) Minute crystals, insol water, sol 
other menstrua Gives off HCl when heated 

Bromo camphor C.oH.jBrO [76°] (274°) 

5 G 1 44 Kqo 88 5 (m a 7 37 p o alcoholic 

solution) (Kanonnikoff, J pr [2] 32 604) 

[a]D = 139° Formed by heating camphor di- 
bromide at 100° (Perkin, C J 18, 92 , Maisch, 
C C 1873, 437) Monoclmic prisms (from 
alcohol), m sol alcohol, v sol CHClg and 
benzene , may be sublimed (Montgolfier, DZ [2] 
23, 253) 

Reactions — 1 Sodium amalgam reduces it, 
in alcoholic solution, to camphor , alcoholic 
IvOH also gives camphor Sodium added to 
its solution m toluene gives sodium camphor 
(It fechiff, B 13, 1407) —2 PClg has no action 
even at 100° (Schiff, B 14, 1378 , Kachler 
a Spitzer, M 3, 205) — 3 Heating with ZnClj 
at 160° gives a mixture of p xylene hexahydride 
and a phenol CjoHi^O apparently identical with 
the carvacrol obtained by the action of I on 
camphor (K Schiff, B 13, 1407) —4 Nitric acid 
forms bromo-nitro camphor and camphoric acid 
(Armstrong, B 12, 1358 , B Schiff a Maissen, 
O 10, 317) — 6 Phenyl - hydrazine forma 
C,„H,g(N 2 PhH)(N 2 PhH 2 ), [56°J (Balbiano, O 
17, 95, 155) 

(a) Di bromo camphor OiJEj^BrjO [116°] 
Formed, together with the preceding, by heating 
bromo camphor (1 mol ) with Bx (2 mols ) for 11 
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hoars at 130® (K a S , c/ Swarts, Z [2] 2, 205, 
D 15, 1622) Formed also by heating (3) di 
brorao camphor with gaseous HBr at 130® 
(Swarts, B 15, 2135) Tnmetnc crystals , 
a 5 c = 95 1 52 , si sol alcohol, ether, and 
petroleum Less volatile with steam than the 
preceding 

Reaciwm — 1 Sodium aynalgam gives cam 
phor and 6ampholenio acid — 2 Cone HNO, 
gives di bromo nitro camphor [130°] 

(iS) Di-bromo camphor C,oH„Brp [61°] 
Formed, together with its isomeride, by the 
action of Br (1 mol ) on bromo camphor (1 mol ) 
foi 7 hours at 120° (Kachler a Spit/er, M 3, 
208, Zepharovich, M 3, 231, cf K Sdiilf, O 
11, 178 , Montgolfier, Bl [2] 23, 253) Trimetrio 
crystals, a b c = 2 0085 1 1 5778 (Cazeneuve a 
Morel, Bl [2] 44, IGl) = 1 944 1 1 558 (K a S ) 
V sol alcohol, ether, and petroleum 

Reactions — 1 Alcoholic KOH, or sodium 
amalgam, reduces it® to bromo camphor, and 
finally to camphor — 2 Sodium and CO form 
camphor carboxylic aci^ — 3 Cone HNO, gives 
camphoric and hydro oxy camphoric, acids to- 
gether with bromo di nitro methane (Kachler 
a Spitzer, M 4, 5o4) 

(a) Chloro-bromo-camphor CjoHi^ClBrO 
[98°] [a]j =78° Formed by heating chloro 
camphor [84°] with bromine in sealed tubes for 
5 hours at 100° ^White needles Insol water, 
sol hot alcohol, ether, and CHCl, (Cazeneuve, 
Bl t2] 44, 115, C R 100, 802) 

(/3) Chloro-bromo-camphor C,oH,^ClBrO 
[51 5°] [a]j = 61° Prepared by heating chloro 
camphor (1 mol ) with bromine (2 mols ) in 
sealed tubes for one hour at 100° C Hard, 
trimetrio crystals, ah c = l 9144 1 1 5395 Insol 
water, v sol alcohol, v sol ether, CHClg, C^Hg 
and CSj (Cazeneuve, Bl [2] 44, 115, C R 
100, 859) Decomposed by boihng AgOAcAq 
(difference ^rom preceding) 

lodo-oamphor C,„H, JO [44°] Formed, to 
gether with 5<aCy and Nal, by the action of ICy 
on sodium borneol dissolved m benzene (Haller, 
C R 87, 695) Monoclinic crystals, insol 
water, sol alcohol Decomposes at about 150° 
Nitro-campho^ C,oH, 5 NO, [83°] Prepared 
by the action of alcoholic KOH on bromo nitro 
camphor (Schiff, H 13,1402, G 10 330, 11, 
21) Dissolves in aqueous alkalis Gives a red 
colouration with Fe^Ch HNO gives a nitroso 
compound On oxidation with HNO, it gives 
camphoric acid By reduction it gives amido 
camphor Bromine forms CsnH 4 jN,Br O,^ ? 
[95°] Cl forms similarly C,(,H^^NjCl O,, ? 
[110°] Steam distillation gives camphoric acid 
and anhydride and NH, This substance is 
probably a mixture of the two following 

(o) Nitro-camphor C„,H,JN0 )0 [101°] 

[a]j (19 978 pc in benzene) —98°, (3 33 pc 
in alcohol) —7 5° Foimed, together with its 
(8) isomeride, by the action of Sn, Cu, Fe, or 
alkalis on either chloro nitro camphor dissolved 
in alcohol Best prepared by using the copper 
zinc couple The resulting zinc salt of nitio- 
camphor is decomposed by HCl The (a)- 
compound is the less soluble m cold alcohol 
(Cazeneuve, C R 103, 275 , 104, 1522 , Bl [2] 
47, 920) Trimetrio prisms Decomposes at 
160° Lssvorotatory Its rotation varies with 
Goaoeatration of the solution. It forms a com- 


pound with benzene It reddens htmus, and 
decomposes carbonates Fe^Clfl colours its alco 
hohe solution blood red 

(3) Nitro camphor CmH.JNOJO [98°] 
[a]j (3 33 pc m benzene) — 75° , (3 33 p c in 
alcohol) + 7 5° Prepared as above Soft, fern- 
like, crystals (from alcohol) Insol water, sol 
other menstrua Less stable than the (a) 
isomeride Fe Cl^ colours its solutions red 
Its salts are more soluble than those of the 
(a) compound — NaA' — ZnA'j sol water 

(a) Chloro - nitro - camphor C,oH, 4 Cl(NO )0 
[95°] [a]f =* —6 2° From chloro camphor [93°] 
(1 pt ) and fuming HNO, (4 pts ) Large trime 
trie pi isms (from alcohol), ah c = 2 022 1 1 475 
(the author does not say whether these numbers 
belong to this or to the following body) Insol 
water, m sol cold alcohol Decomposes above 
100° Reduced by nascent hydrogen to nitro- 
camphor (Cazeneuve, C R 96, 589 , Bl [2] 39, 
503) 

(3) Chloro -nitro -camphor C,(,H,^Cl(NO )0 
[98°] [a]j = 10 5° (m alcohol) Occurs in the 
mother liquor from which the preceding has 
separated Soft crystals, v sol cold alcohol 
Reduction gives nitro camphor Less stable 
than the (a) isomeride, for alkalis remove Ci 
forming nitro camphor even in the cold Not 
decomposed by alcoholic AgNOj, (Cazeneuve, 
C R 98, 306 , Bl [2] 41, 285 , 44, 161 , 47 
926) 

(a) Bromo - nitro - camphor C,oH, ^BrN 0, 
[105°] [a]j=— 27° Prepared by nitration of 

bromo camphor Tnmetnc crystals, a 6 c = 
2 0854 1 1 5423 Nearly insgl cold alcohol 
By the action of alcoholic KOH or nascent H 
it gives nitro camphor (Schiff, O 10, 324 , B 
13, 1402 , 14, 1377) 

Di-bromo-nitro-camphor C,oH,gBr (NO )0 
[130°] From (o) di bromo-camphor by nitra 
tion (Kachler a Spitzer, M 4, 554) Trimetrio 
prisms or needles, a6c=»17611 49 Reduced 
by tin and HO Ac to amido camphor 

Amido camphor C,„H,,NO (247°) Waxy 
solid Strong base of alkaline reaction Pre- 
pared by reduction of nitro camphor with 
sodium amalgam in alkaline solution It reduces 
Fehlmg’s solutfcn, AgNOg, and HgCl^ With 
HNO^ it produces oxy camphor (Schiff, B 13, 
1404) On distillation of the hydrochloride 
of amido camphor with steam ‘ dicamphyl 
amine’ C^ H,,NO passes over and ‘camph- 
imide’ CioHijN remains in the retort Dicam 
phylamine [1G0°] crystallises in needles, 
insol acids, volatile with steam Camph- 
imide forms crystalline flakes, soluble in acids , 
nitrous acid converts its hydiochloride into 
‘diazo camphor ’ C,oHnN 0 [74°] which may be 
reduced by Zn and HO Ac to amido-camphor 
Diazo camphor is converted by heat into ‘ de 
hydro camphor ’ 0,oH,^0 [160°] (R Schiff, 

Q 10, 362 , 11, 171 , B 14, 1375) 

Oxy camphor (?) [155°] Prepared 

by the action of HNO^ on amido camphor 
(Schiff, B 13, 1404) Colourless orys«aIs Vola- 
tile with steam 

Wheeler’s chloro-camphor (g v ) gave with 
alcoholic KOH an ‘ oxy camphor ’ [137°] 

The acetyl derivative [69 °] of an ‘oxy. 
camphor ’ [249°] is formed by oxidising aoefcyU 
borneoL 
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An * oxy camphor * [61°] is formed by oxi 
dising camphene {v Teupenes) (Kachler a 
Bpitzer, A 200, 358) 

V also Campholenio acid 
‘ Nitro oxy camphor,’ v Nitro campholenio 
ACID 

Cyano camphor v Nitrile of Camphor car- 
boxylic ACID 

Ethyl camphor C,oH,5EtO (228°) S G 
^ 946 [a]j = 161° From sodium camphor 
and EtI (Baubigny, Z [2] 4, 481) Oil 

Isoamyl camphor C,„H,j(CsH,,)0 (278° cor ) 
[a]j = 59 4° From sodium camphor and isoamyl 
iodide (B ) 

‘Nitrohexoic acid’ CyH,i(N0J02 le 
Me CH(NO ) CMe^ CO H(?) [115°] From dimtro 
heptoio acid and sodium amalgam (KuUhem, A 
167, 45, Kachler, A 191, 157) Rectangular 
four sided columns (from water) Monoclmic, 
5c = l 6115, /8=»83°30' After several fusions 
it melts at 111 5° Quickly heated, it explodes 
lieactiors — 1 Dissolved in a little aqueous 
KOH, mixed with KNO^ and dilute H SO4 a fine 
blue colour is formed This colour is taken up 
by ether , hence the body is probably akin to 
pseudo nitroles — 2 Sn and HCl produce methj 1 
isopropyl ketone, hydroxylamine and CO — 3 
Baryta m sealed tubes at 95° does not deoom 
pose it, but forms the b isic salt C^HyBaNO^ 
Dmitrohexoic acid C,H,„(N0J2G2? 
MeC(N A) CMe CO2H (?) [215°] Got by 

Kullhem by treating the residues in the pro 
paration of camphouc acid with strong HNO, 
{A 163, 231, Kiehler, A 191, 1>5) Mono 
c'lmc plates , ahc~ 57-55 1 60 24, /3 = 70°42' 
M sol cold water, v sol hot water Explodes 
when rapidly heated Its ammonium salt 
gives with cupric acetate a bluish pp sol excess 
of the acetate (diffeience from c irnphonc ac id) 
The free acid does not pp cupric or lead acetate 
The neutral salts give a flocculent pp with lead 
acetate 

Salt — BaA'2 3aq Needles 
Reactions — 1 Reduced in alcoholic solution 
by sodium amalgam to mononitroheptoic acid 
2 Reduced by Sn and HCl to methyl iso propyl 
ketone and hydroxylamine — 3 Potash and 
baryta heated with the aqueous acid in sealed 
tubes produce both nitro heptoic acid and 
methyl isopropyl ketone 

Hydro-oxycamphoronic acid C„H,jOa [164 5°] 
(Kachler, A 191, 148) Needles Sol cold 
water Tribasic acid Gives no pp with BaClj 
or CaClj and NH3, even on boiling (difference 
from camphoronic acid) Cupric acetate gives 
no pp until boiled when a bluish green cupno 
salt 18 ppd Lead acetate gives a white pp 
soluble m excess AgNO, gives a white pp 
soluble m hot water 

Salts — NHAaA'" —CaHA'" 2aq — Ca^A'"^ 
--Ba8A"2.-Cu3A'"2 — AgaA'" 

ISOMERIDES OP CAMPHOR. 

Lmvorotatory camphor C,oH,^0 [172° cor] 
(R ) , [175°] (C ) (204°) S G ifi 9853 (C ) 

[a], = -47° (C ) , -42° (H ) Occurs together 
with a terpene m the ethereal oil obtained from 
the leaves of fever few, Matricaria Parthenium 
(Chautard, G R 37, 168J Apparently formed 
also by oxidising the labVorotatory terpene ob 
talued by treating with al^holic KOH the pro- 


duct of the action of HCl on Imvorotatory oil 
of terpentine (Riban, Bl 24, 19) Obtained aho 
by oxidising the borneols of madder, valeiian, 
Ngai, and Bang Phien (Haller, C R 103, 64 , 
104 ,66) HNOj gives Isovorotatory oamphom 
acid [a]j«— 46° The corresponding brorno 
camphor is also IsBVorotatory, [a]j = — 128° 

Inactive camphor C,oHieO [171°] Got by 
oxidising inactive borneol {q v ) with bold HNO, 
and then adding water (Armstrong a Tilden, 
C J 35, 752) Also by oxidising inactive 
camphene with H^SO^ and K^Cr^O, Heated 
with HNOs it forms a camphoric acid, [203°1 
and giving when heated alone an anhydride, 

[22 n 

Inactive camphor From Oil of Sage C,„H,30 
[174 ] (205° uncor ) When oil of sage is dis 
tilled the fraction 205°-208° deposits this 
camphor It apparently only differs from ordi 
nary camphor m being inactive, for —1 PClj 
gives an oil winch is converted by water into a 
wax like solid, [80°] whence Na forms a white 
solid — 2 Boiled with H'lO^ (2 1) it forms in 
a( tive camphoric acid [186 ] —3 Dissolved in 
toluene and treated with Na and CO it forms 
inactive borneol, [200^] — 4 Distilled with 
It forms c} mene (M M P Muir C J 37,685) 

‘ Racemic ’ camphor C20H, 0^ (?) [179°] 

This name is given to the product of the oxi- 
dation of a mixture of equivalent quantities of 
IsBVo and d(\tio rotatory borneol, and is 
therefoie mictive bv compensation, as racemic 
acid IS (Haller C R 105,66) It gives a bromo 
derivative [51°] and a camphoric acid [205°] 
The ‘racemic’ camphor, biomo camphor, and 
camphoric acid wei'c also prepared by mixture 
and found to be identical with the above They 
differ in solubility as well as m rat-lting point 
from the active compounds The boineol of 
amber, and consequently the camphor derived 
therefrom appear to be a mixture of dextro 
and laavo rotatory varieties in unequal piopoi 

tlODS 

Camphors, or bodies resembling camphor, 
have been found in many essential oils, e g oils 
of alant (p 94), absinthe (p 2), chamomile, 
eucalyptus, lavender, nutmeg, rosemary, Ac 
When a camphor is converted into borneol, the 
rotatory power of the resulting borneol varies 
with each operation, but the camphor regene- 
rated by oxidising the borneol has in each case 
the rotatory power of the original camphor 
(Montgolfier) According to Halier (C R 105, 
228) this may be explained by supposing that 
the resulting borneol is always a mixture of 
a stable borneol rotating in the same direction 
as the original camphor and of an unstable 
borneol rotating in the opposite direction 

CAMPHOR CARBOXYLIC ACID 
[120°] Formed as a by product in the pre 
paration of borneol from camphor by the action 
of Na on a solution of camphor in toluene, 
the product being treated with COj It is 
produced by the union of CO2 with sodium- 
camphor (Baubigny, Z [2] 4, 481, 647 , A Ch 
[4] 19, 221 , Kachler a Spitzer, B 18, 1412 , 
M 2, 233) Long colourless monoclmic pyra- 
mids Sol water Decomposes below 100° 
into CO2 and camphor 

Reactions — 1 Boiling AcCl forms C2,H-,304 
[196°], crystallising in needles — 2 PA, acting 
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-on Its solution in CHCl^, forms [265°] 

8 PClj forms [45°] which separates 

(from ether alcohol in triclmio crystals a 6 c - 
I 804 47 

Salts — NaA' — BaA Pb A'j 

Ethyl ether EtA' (276^ uncor), SG 
I*. 1 052 , colourless fluid (Boser, B 18, 3113) 
iVtfrtfa C,oH,jCyO Cyano camphor [128°] 
(250°) Formed by passmg cyanogen into a 
mixture of oamphor and sodium camphor dis- 
solved in hot toluene , extracted by shaking 
with aqueous NaOH and ppg by HOAc Beet 
angular prisms (from ether) , sol alcohol, ether, 
and HOAc Contains an atom of hydrogen 
displaceable by Na or K, forming unstable salts 
Cone HCl at 100° converts it into camphor 
carboxylic acid Oxidising agents give HCyand 
camphoric acid Alcoholic NaOH slowly con 
verts it into the ether of camphor carboxylic 
acid (Haller, G R 87, 843 , 93, 72 , 102, 1477) 
Chloro-oamphor carboxylic acid C,,H,jC10, 
Formed by passing Cl iflto a solution of sodium 
camphor, carboxylate (Schiff a Puliti, B 16, 
887) Flocculent pp , decomposes on fusion 
mto CO^ and chloro camphor 

Bromo camphor carboxylic acid C,,H,5BrO, 
[110°] From camphor carboxylic acid and Br 
(Silva, B 6, 1092) Both the acid and its salts 
readily decomposg into COj and bromo cam 
phor — BaA'2 — AgA' 

dxy - camphor carboxylic acid C,,H,„04 
[160°] [a]D»69° Formed by boiling the 

nitrile of camphor carboxylic acid with aqueous 
KOH (Haller, C R 87, 929) Nodules (from 
ether) — CaA" 6aq — BaA" 6aq 

CAMPHOE DICHLOEIDE CjoH^Cl, [155°] 
Prepared by the action of PClj on camphor in the 
cold C,oH,aO + PCI5 = POCI3 + C,oH,„Cl2 (Spitzer, 
B 11, 363, 1819 , M 1, 319) Formed also 
by chlorinating bomyl chloride (Kachler a 
Spitzer, A 200,361) Feathery trimetric needles , 
a bc=‘ 917 1 1 686 Easily soluble in alcohol 
and ether Easily splits ofl HCl 

CAMPHOEIC ACID C.oH.A te 
d^Ha— CPr— CO2H 

C,H.4(C0,H), or I I (Schiff) 

CH2— CMe-CO,H 

or Pr 0H(C02 H) CHj CH CMe CO H (W Boser, 
A. 220, 278) Mol w 200 [18b°] S G 1 19 
S 625 at 12° R 83 14 (m a 1 p c aqueous 
solution) (Kanonnikoff, J pr [2] 81, 349) 
[o]p«i46° Formed by boiling camphor or cam 
pholic acid with cone HNO, (Kosegarten (1785) , 
Laurent, A Ch 63, 207 , Malaguti, A Ch 64, 
151, A 22,50, Wreden, A 163,323, V Meyer, 
B 8, 116 , Kachler, A 162, 262) It is best to use 
the mixture of camphor and borneol obtained by 
the action of Na on camphor (Maissen, O 10, 
280) Formed also by the oxidation of chloro 
or bromo camphor with alkaline permanganate 
(Balbiano, O 17, 240) Monoclinic crystals, 
the rotation m alkaline solution has been 
studied by Thomsen {J pr [2] 35, 157) The 
refractive power indicates a double union, which 
does not agree with Schiff’ s formula 

Reactions — 1 Heat sphts it up into water 
and an anhydndo — 2 Water at 180° changes it 
mto meso-camphorio acid —3 Fuming HCl at 
200° forms C^H^ and OgH,, (Wreden, A 187, 
169).— 4 Cone nIAq at 200® gives xylene tetra- 
VoL L 


hydride and hexahydnde (W ) —6. By the action 
of ZnCU xylene tetrahydnde ChH,^ is produced 
CgH.^fcO^H), » C,H,4 + CO2 + CO + Kfi 
The same hydrocarbon is produced by the action 
of ZnCl2 on ammonium camphoramic acid 
O.oHhO (NH 2)(0NH4) + ZnCL^ + H.O- 
2NH4C1 + Zn0 + C0 + C02 + C,H,4 (Ballo, B 12, 
324) — b The ammonium salt distilled with 
PjO, gives a terpene 02„H,2 (Ballo, A 197, 322) 
7 Cone H2SO4 forms CO and ‘ sulphocam- 
phorio acid’ — 8 Cone HNO, gives campho- 
ronic acid — 9 Potash fusion gives pimelic acid 
Pr CH(CO,H) CH2 CO^H and an acid C,„H,.0, 
(Hlasiwetz a Grabowsky, A 145, 205) — 
10 Distillation with soda lime gives camphoric 
anhydride and phorone C„H, ,0 (Meyer, B 3, 
117) Distillation of camphorates gives similar 
results 

Salts — (Kemper, Ar Ph [2] 110, 106, 
117, 23) NH.HA" xaq — (NH 4 )jA" — Li^A" — 
NaA" — KjA" deliquescent — MgA'7|aq S 40 
at 20° — MgA"12aq — MgA"18^aq — CaHA ."2 — 
CaA" 4laq — CaA' 7aq — Ca^H.A", 8aq — 
BaHjA' 2 2aq —BaA" aq needles and feathers 
(Kmgzett, C J 45, 93) — BaA"4iaq — ZnA" — 
PbA" — CuA' — Ag,A" 

E thyl - ammonium salt (NH3Et)2A" 
small needles (from alcohol) Converted by 
PCI, into camphoric di ethyl imidine 

Mono methyl ether MeHA" [68°] 
[o]j = 51 4° Trimetric prisms (from ether) , 
gives camphoric anhydride when distilled. V 
si sol water (Loir, A Ch [3] 38, 483) 

Mono ethyl ether EtHA" SG — 1095 
Syrup 

Di ethyl ether (286°) SGin029 

Formed, together with campnoric anhydride, by 
the distillation of the mono ethyl ether (Mala- 
guti, A Ch [2] 64, 152 , 70, 3b0 , Meyer, B 
3, 118) Liquid Chlorine produces a tetra- 
chloro- derivative (C^aCla)^" S G 1 386 
Chloride C,oH, 40204 Heavy oil, decom- 
posing at 200° (Moitessier, A 120, 252) 

AnhydrideC,^,S>t [217®] (above 270®) 
S G 1 194 [a]D =-77° (in benzene) 
Formed by heatillg camphoric acid or its salts 
(Bouillon Lagrange, A Ch 23, 153 , Laurent, 
A Ch 63, 207, Malaguti, A Ch 64, 151, 
Blumenau, A b7, 119 , Monoyer, J Ph [3] 45, 
177) Formed also from camphoric acid by the 
action of (1 mol of) PCI, (Gerhardt a Chiozza, 
A 87, 294), of cone H28O4 of AcjO, or of AcCl 
Anschutz, B 10, 1881) Long trimetric prisms 
from alcohol) (Montgolfier, A Ch [5] 14, 6) 
V si sol water, v sol alcohol, v e sol ether 
Slowly converted by boiling water into cam- 
phoric acid The statement of Brodie (Pr. 9, 
3bl , 12, 655) that barium peroxide formed 
camphoric peroxide has been denied by Kmgzett 
(O J 45, 93) 

Amide C,H,4(CONH2)2. Amorphous mass 
(Moitessier, A 120, 253) 

Imide CgHj, C3O2 NH [180®] (in sealed 
tubes, Ballo, A 197, 332) Formed by heating 
ammonium camphoramate at 160® (Laurent, 
Compt chtm 1845, 147 , A 60, 327) Lammas 
May be distilled 

Ethylimxde O11H.4 OjOj NEt. [60°] 
(275°) Odourless orystals. Prepared by dia^ 
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tilling ethylamme oamphorate (Wallach a 
Kamenski, B 14, 164 . A 214, 248) 

Allyl tmide 0,0, NO,H, [49°] 

Formed by heating camphoric acid with allyl 
thiocaibimide Insol water, sol alcohol and 
ether 

Phenyl imide C8H,4 OjOj NPh [116°] 
Foimed, together with phenyl camphoramio 
acid, by warming camphoric anhydride with 
aniline (Gerhardt a Laurent, A 68, 86) 
Needles (from ether) , insol cold water 

Di ethyl im%do tmidine C,4H24N,0 %e 

< C = NC 

>NC,H, (28b°) SQ 15 1018 
0 = 0 

Liquid , V b1 sol water Pps salts of Cu and 
Pe Prepaied by the action of PCl^ on ethyl- 
amine camphorate or by the action of ethyl 
.004 

amine on the chloride (C8H4<^ >NEt) obtained 

\co 

from PCI, and camphoric ethyl imide By HCl 
at 200° it IS decomposed into ethylamine and 
oaniphonc ethyl imide Salts — B'HCl deli 
queacent crystals — B'HI sparingly soluble 
needles —(B'HCl) PtCl, Ita ethylo iodide 
B'LtI [245°] , forms long colourless prisms 
(Wallach a. Kamenski, B 14, 102 , A 214, 
242) 

Nitrile C8H,,(CN),, Formed, in small 
quantity, together with hydrocarbons C^H,, and 
CjoHjj by distilling ammonium camphoramate 
with P,0, (Ballo, A 197, 834) Crystalline, 
insol water 

Camphoramic acid C8H,4(CONHJ(CO,H) 
So called ‘ amido camphoric acid ’ The ammo 
mum salt is formed by the action of NH, on 
an alcoholic solution of camphoric anhydnde 
^aurent, Compt chim 1846, 147 , A 60, 326) 
Tnmetno crystals , m sol hot water, v sol 
alcohol — NH^A'aq [100°] When heated with 
dry ZnC4 it gives xylene tetrahydnde and a ter- 
pene (Ballo, B 12, 824) — PbA',.— AgA' 

Phenyl camphoramic acid 
C,H,4(CONPhH)(CO,H) Formed by boilmgthe 
phenyl imide of campnonc acid with alcoholic 
NH„ or camphoric anhydnjde with aniline 
Needles (from alcohol) , v si sol boihng water 
— AgA' (Laurent a Gerhardt, A 68, 36) 

Bromo camphoric anhydnde 
CO 

C8H„Br<^QQ^0 From camphonc anhydnde 

(10 g ) and Br (16 g ) at 130° (Wonnger, A 227, 
3) , an additive compound C,,H,40,Br2 appears 
to be first formed (Wreden, A 163, 330) Tn 
metno crystals (from chloroform) ah c^ 
8866 1 6766 NH, gives the imide of oxy- 
oamphonc acid 

(o) Oxy-camphorio acid C,,Hj,0, Formed, 
together with pimehc acid, by fusing camphor 
with EOH (fflasiwetz a Grabowski, A 146, 212) 
Thick liquid , the salts are amorphous. 
(B)-Oxy-camphoric acid 0,oHj,0, 
Anhydride C,<,H, 40410 
OJH„(OH) 0,0, 0 (?) Camphamc acid [201®] 
Form^ by ^ilmg bromo-camphono anhydnde 
with water (Kachler, A 162, 264) Monoclmio 
pnsms (oontammg aq or 2aq) (Grfinling, A 227, 
4) Sublimes at 110° Decomposed on distil- 
latidci giving CO„ lauronoUc acid C,H,40„ and 
*oampno lactone* Water at 180® 


splits it up into CO, and CaH,, (119°) — 
Ba(0,oH|,04), l|aq CdlOiaHjjO,), 3aq 

Ethyl ether EtC,,H„0, [68°] From 

bromo camphonc anhydnde and alcohol at 160°* 
Prisms 

Imide C,oH„NO, % e C,H„(OH) C^O^ NH (?) 
[208°] Aimdo - camphoric anhydride From 
bromo camphonc anhydnde and oono NHj,Aq 
at 150° (Wreden, A 163, 839) Long needles 
(from alcohol) Sublimes at 160^ inverted 
by nitrous acid into the anhydride 

Oxy camphoramic acid 0 ,oH,tN 04 t.# 

CsH, ,(OH) (CONH J (CO^H) ‘ Amido'Camphonc 
acid ’ [160°] Formed by boiling the imide of 
oxy camphonc acid with dilute KOH (Wreden, 
A 163, 340) Prisms containing aq (from alco- 
hol) On fusion it is converted into the parent 
imide Converted into oxy camphonc anhy- 
dride by HNOj, by cone HClAq, or by H2SO4 — 
CaA'j 2aq 

‘ Sulpho camphonc'^' acid* so called 

CjHjoSOy [1G0°-1G"'°] Sulphocamphylic 
acid Formed, together with CO, by heating 
camphonc acid or anhydnde with cone H SO, 
(Walter, A Ch [3] 9, 177 , Kachler, A 169, 
179) Triclmic prisms (containing 2aq) , 
a6c= 8515 1 7590, a = 82°39', /3 = 121°10', 
7 = 111° 3C' (Zepharovich, Site B 73, 7) V e 
sol water, alcohol, and ether HNO, (S G 
1 25) converts it into C,H,jSO; Potash fusion 
gives C^HijOj [148°], insol cold water, but epa 
rating from alcohol in monoclmio crystals 

Salts — (NH4)2A"aq — KA" — CaA" — 
BaA" — PbH^A"2 4aq tnmetnc — PbA" — 
BaCuA", — Ag^A" 

ISOMERIDES OF CAMPHORIC AOII) 

Lssvo - rotatory camphonc acid C,oH,804 
[186°] [a]^ = -46 3° (in alcohol) Formed by 

the oxidation of laevo rotatory ([o]j=— 38°) 
bomeol, or the correspondmg campnor, by heat 
ing for several hours with a large excess of 
HNO, (SGI 27) (Chautard, O B 37, 166 , 
Haller, C B 103, 64) Besembles camphoric 
acid in all respects except that its rotation 
though equal is opposite 

Inactive camphoric acid (0,,H„04),. [204°]. 
S 1, S (alcohol) 83, S (ether) 28 (C ) 
Formed by heating inactive camphor with HNO, 
at 100°, or by mixing equal weights of dextm 
and IsBvo camphonc acids (Chautard, 0 B 5Q 
698 , Armstrong a Tilden, C J 86, 767 • 
Haller, 0 B 105, 66) Less soluble than its 
isomendes 

Diethyl ether Et,A" (270°-275°) S G 
1 08 (C ) 

Anhydride [228°] (A a T) 

S (chloroform) 25 , S (ether) 4 , S (alcohol) 1 5 
(C ) Formed by heatmg the acid 

An inactive camphoric acid [186°] was ob 
tamed by Muir (0 J 87, 685) by oxidismg the 
camphor of oil of sage 

Meso-camphoric acid 0,oH„04 [118°] 

Formation — 1 Formed by heating dextro- 
oamphono acid (5 g ) with (20 0 0 ) funung HCl 
at 140° for 80 hours (Wreden, Z [2] 7, 419 , A 
168, 828 , B 6 , 566) — 2 By heating dextro- 
camphonc acid (5 g ) with ^ (80 0 0 of S G. 
1 6) at 160° — 8 By heating camphonc acid 
with water at 200° (Jungfleisch, B 6, 268, 680) 

4 Together with ' sulphocamphono acid ’ by the 
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Action of HjSO^ on camphor Occurs also in 
Bmall quantity in the preparation of camphoric 
acid from camphor and HNO, (Kachler, A 1C9, 
179 , 191, U6) 

Properties — Crystalline, but separates from 
alcohol and ether as an oil More soluble than 
ordinary camphoric acid Cone H2SO4 converts 
it on warming into * sulphocamphono acid ’ 
When heated it gives the anhydride of ordinary 
camphoric acni Boiling dilute HOI changes it 
into mactive camphoric acid 

CAMPHOKIDE O.aHjjOg [222°] Occurs to- 
gether with galangin and alpinin in the galanga 
root {Alpinia officinarum) Flat yellow needles 
(containing aq), sublimanle Sol hot alcohol, 
ether, and acetic acid, si sol chloroform and 
benzene, msol water Dissolves in alkalis On 
oxidation with dilute HNO, it produces anisic 
and oxalic acids 

Salts — A"Pb yellow amorphous pp — 

A'TbaO — A"Ba 2aq ofange pp 

Dt-acetyl derivmtive C,<,H,oO^(OAc)2 
[189°] Colourless crystals Insol water SI 
80I alcohol 

Di benzoyl derivative C,aHn,04(0Bz)2 
[180°] Fine white needles Scarcely sol alcohol, 
insol water 

Di hromo derivativeC^^^^T^Og, [225°] 
Yellow needles SI sol alcohol (Jahns, B 14, 
2386) • 

CAMPHOE-IMIBO-AOETIC ETHEB 

CnH^NO.te C^„<°q>N CH, CO,Et [80=’] 

Formed by adding a solution of CHjCl CO^Et to 
a solution of sodio camphorimide in absolute 
alcohol Large transparent crystals (from alco 
hoi), sol ether (Haller a Ajrth, C R 105, 
281) 

CAMPHOB OIL An oil obtained, together 
with camphor, by distilling the wood of Laurus 
camphora with water It consists chiefly of 
* camphorogenol ’ but contains also several 
terpenes {q v ) 

Oamphorogenol CjoHisOj or CjoHigOj or 
0,„H,.0aqm SG 9794 [a]j.= 29 6° An 

oil, V e sol alcohohand ether HNO, acts upon 
it forming a small quantity of camphor CrO, 
acts similarly Excess of cone HNO, gives ] 
camphoric acid [186°], [a]j * 40 3° Ac^O has no 
aciion Sodium reduces it, m alcoholic solution, 
to bomeol, [198°], (212°), [ajj = 22 9° With 
ZnCl, it yields cymene (Yoshida, C J 47, 786 , 
Oishi, C N 60, 276, Wallach, A 227, 296, 
Lallemand, A Ch [8] 67, 404) 

CAHPHOB-PHOBONE v Phokone 

CAMPHOBONIC ACID C^H.^O, Mol w 
218 [137°] Formed by oxidising campholio 

or camphanic acids (Bredt, B 18, 2989) 

Preparation — From camphor and HNO, 
Present m the mother liquor from which cam 
phoromc acid has separated Obtained by means 
of the barium salt (Kachler) and purified by de 
composing this with HCl, extracting with ether, 
boiling off the ether, dissolving in water, 
neutr^sing with lime and boiling The pure 
calcium salt then separates (Bredt, A 226, 261 , 
cf Kachler, B 7,1728, A 169,286, 162,262, 
Kachler a Spitzer, M 6, 173) 

Properties — Crystallineaggregates of needles, 
T e sol water, alcohol, and wet ether, si sol 
pure ether Produces on distill^ition CO,, iso 


butyric acid and the anhydride [135°] 

which forms trimetric crystals, a 6 c *» 96 1 82 
sol water, alcohol and ether This anhydride 
forms with NH, the compound C,H„(NH4)Og 
[c 128°], V sol water 

Reactions — 1 AoCl gives CjHjjO, and then 
the anhydride CigHjjO, [176°] , crystals, insol 
cold alcohol and ether , reconverted mto cam 
phoromc acid by boiling alkalis — 2 Br at 130° 
gives oxy camphoronic acid — 3 PotasJi-fusion 
gives isobutync acid —4 Aijiia regia forms two 
acids CpHijOg — 6 KMnO . gives HOAc and an 
acid CgHpO^ (Kachler, M 6, 416) -6 The Ca 
salt distilled with lime gives a ketone C H^O 
Salts — NH4H2A'" [128°] — (NHJ^HA'" 
[148°] — K2HA'"aq -Ca3A'"2l2aq — BaHA"'aq 
m sol water — BajA"', insol water — Ba,A""2 6aq 
— BajA'^'jlOaq — ZnHA'" v e sol water — ■ 
CdHA'"6aq — Pb,A'"j4aq — Cu,A"'2 2aq — 
CuHA"'2^aq — CU3A",. -Ag^A"' — Ag^HA'^'aq 
Mono ethyl ether — The anhydride (302°) 
(or anhydrides liquid and solid [67°]» Hjelt, 
B 13, 797) CpHijEtO, of this ether is formed 
together with alcohol by distilling the di-ethyl 
ether 

Di ethyl ether EtjHA'" From the acid, 
alcohol, and HOI 

Tri ethyl ether Et,A'" (302°) From 
AggA'" and EtI Liquid 

Chloride C„H„OCl [131°] Needles, si 
sol water, sol alcohol and ether 

Mono amic acid CaH,,(C0NH2)(C02H) 
Anhydride CpH^NO^ [212°] From liquid 
mono ethyl camphoron ate and alcoholic NH, 
(Hjelt, B 13, 798) By the same treatment the 
solid ethyl camphoronate gives a compound 
CpH^N^O, (? di amic acid) crystallising with 
HOEt It melts at [145°], and is converted by 
boiling HClAq into camphoronic acid 
Di amic acid CgHjoNjO^te 
C,H„(C0NH2)2(C02H) [c lb0°] From di, 
ethyl camphoronate and NH, at 120° (H ) 
HGlAq converts it into a compound OgH^NO, 
[212°] 

Constitution — Camphoronic acid appears to 
contain 3 carboxyls C„H,,(C03H)„ as shown 
by the salts and others AcCl gives no acetyl 
derivative The formation of an anhydride by 
distilling the ether does not prove it to be lao- 
tonic Potash fusion produces iso butyric acid, 
hence it contains isopropyl Since it does not 
split off COj on distillation, the carboxyls must 
be attached to different carbon atoms Henca 
it IS ISO propyl tri carballylio acid, 

CH (COjH) CPr(C02H) CH, CO,H or 
CH2(C0,H) CH(C02H) CHPr CO^H 
Oxy . oamphoronio acid CpH„0. [0 210°] 
Formed by heating camphoronic acid O^HnOg 
(1 mol ) with Br (1 mol ) for two hours at 130° 
(Kachler, A 169, 296) Monoclinio crystals 
(containing aq),a 6 c 1 4918 1 9808 , /3 = 86° 60' 
According to Zepharovich {J 1877, 641) they 
are dimorphous V sol water, alcohol, and 
ether , may be distilled 

Salts — KHA'aq crystals —K^A" gummy, 
— BaA" aq pearly plates — Pb,(C,H,0j)3 2aq — • 
Ag,A" 

Hydro-oxy-oamphoronio acid v Camphor. 
CAMPHOBOXIM C,,H„NO 0„H,. N OH 
[116°] (0 260°) Formed by the action of 

hydroxylamine on camphor (Nageli, B 16, 498), 

X X 2 



OAMPHOEOXIM 




XiOng needles Smells like eamphor and rotates 
on water Sol alcohol, ether, acids and alkalis 
Reactions — 1 Hydroxylamine is not split off 
by heating with aqueous HCl even at 120® — 2 
J3y heating with acetyl chloride it loses H O 
yielding the nitrile of campholenic acid C,nH,jN 
(Goldschmidt a Zurrer, B 17, 2009) — 8 Is re 
duced m alcoholic solution by metallic sodium 
.CH, 

to bomylamme | The oxim 

\CH NH^ 

anhydnde is reduced to the isomeric camphyl 
amine (Leuchart a Bach, B 20, 111) 

Hydrochloride C,oH,yNOH,HCl white 
powder, si sol water, v sol alcohol and acids 
Sodium salt — C,„H,„N(ONa) white pow- 
der, V sol hot water and hot alcohol 

Ethylether C,oH,«N(OEt) (209®), mobile 
liquid 

Anhydride C,oH,5N (217®), hquid, formed 
by heating camphoroxim with acetyl chloride 
Is the mtrile of Campholenic acid {q v ) (Nageh, 
B 16,2981) 

Isooamphor-ozim is the amide of Campho 

LKNIC ACID {q V ) 

CAMPHO'TEEPENE v Terpenes 
CAMPHRENE v Phoronp 
CAMPHHE8IC ACID or CAMPHRETIC ACID 
so called by Schwanert {A 128, 77) has been 
shown by Kachler {A 191, 14J) to be a mixture 
of camphoric and camphoronic acids 

CAMPHYLAMINE possibly 

C,H„(CH2NH ) CH, (195®) Prepared by adding 
metallic sodium to an alcoholic solution of 
campholenic nitrile (camphor oxim anhydride) 
Colourless liquid Volatile with steam Readily 
absorbs CO; from the air and solidifies to a 
crystalline carbonate Primary base 

Salts — B';H;Cl2PtCl4 glistening golden 

plates, nearly insol water — B'HClHgClj 

colourless orthorhombic plates , sol hot water — 
B'CjH^O^^aq [194°], colourless orthorhombic 
glistening crystals, v sol hot water — 
B'jH^SO^aq long rhombic prisms, m sol cold 
water — B'jH^CrjO, orange red plates — The 

pier ate forms fine yellow needles, [190°-194®] 
Beneoyl derivative cC,<,H,gNBz [77°], 
colourless prisms (Goldschmidt a Sohulhof, B 
18,3297, 19, 708, 20,483) 

Isomende v Borntlamine 
CAMPHYL-PHENYL-THIO-DEEA 
BC(NHO,,H^(NHC,oH„) [118°] Formed by 
combination of phenyl thiocarbimide and cam- 
phylamme Short colourless prisms V sol 
alcohol and benzene, si sol ether, v sol ligroin 
(Goldschmidt a Sohulhof, B 19, 712) 

CAMPHTL - D1 . THIO - CABBAMIC ACID 
CjoH^NHOSSH The camphylamine 
salt, C,^H„ NH CS SNH,(C,oH,,), is formed by 
tnixmg camphylamine with CS^ White 
powder, [110°-116°], sol benzene The sodium 
salt NH CS SNa forms white glistening 

plates, sol cold, decomposed by hot, water 
(Goldschmidt, B 19, 712) 

CANADA BALSAM Exudes from mcisions 
in the bark of Abies balsamea Transparent 
thick hquid with refractive mdex (1 632) nearly 
the same as that of crown glass Dextro- 
rotatory Steam distillation separates a Isbvo- 
rotatory terpene (167°), which forms a crystal- 
hne compound with ECl (Donastre, /. Ph, 


8, 672 , Caillot, J Ph 16, 430 , Wirzeil, Disser* 
tation, Helsingfors, 1849) 

CANADOL A term apphed by Vohl (D P /« 
172, 319) to that portion of the volatile hydio- 
carbons of Canadian and Pennsylvanian petro 
leum which boils at 60® and has a 8 G 65 to 
70 It 18 also called petroU um ether or ligroin. 
It consists chiefly of n hexane 

CAN AN 8 A OIL Alan gilan From Can* 
anga odoiata Neutral oil (170®-^90°) It con 
tains benzoyl and acetyl derivatives, a compound 
that unites with NaHSO^, and probably a phenol 
(Fluckiger, Ph [8] 11, 934) 

CANABIUM The fixed oil of Canartum 
commune contains 61 p c olein and 49 p c 
stearin and myristm (Oudemans, J pr 99, 407) 
CANAUBA WAXv Carnal ba WAX 
CANE SUGAR D Sugar 
CANNABIS INDICA Indian hemp when 
distilled with steam vields an essential oil 
C,,H24 (257°), VD ^/1,SG g 93, [a],,- 
- 10 81 at 25 5° (in chloroform) The oil resini 
fies on exposure (Valenta, O 10, 479 , 11, 196, 
cf Martius, C C 1866, 225 , Personne, d Ph [3] 
31, 46) HNOs (S G 1 32 to 1 42) acting on the 
resinous extract of Indian hemp forms ‘oxy 
cannabene ’ C oH^oNgO^ (Bolas a Francis, C J 
22, 417, O 24 77) This separates from 
methylated spirit in flat yellow prisms [176®], 
insol water, si sol alcohol indianhemp,andit8 
alcoholic extract, contain a poisonous retin (T 
a H Smith, Ph 6, 127, 171 , Martius) Hay 
{Ph [3] 13, 998) has extracted a crystalline 
alkaloid ‘ tetano cannabine * which produces 
tetanus m frogs The fixed oil from hemp seed 
{Cannabis sativa) is probably a fatty oil, though 
Lefort (C R 86, 734) gives it the formula 
C,,H„02 and describes C^HjoCljO, and 
CjiH^oBrjOj as products of substitution 
CANNON-METAL v Copper, allots or 
CANTHARKNE CgH.^ i^ CaH,(CH,), [1 2). 
(134°) o Xylene di hydude 
I Formation — 1 By heating canthano acid 

with fused KOEL — 2 By heating canthano acid 
or canthandm with water at 300®, CO, being 
split off — 8 In a pure stt-te by boiling with 
cone aqueous KOH, the product OiaHijOgl^, 
obtained together with canthano acid by the 
action of HI upon canthandine (Piccard, B 12, 
677 , 19, 1404) 

Properties —Liquid, smeUing like turpentine 
and camphor Absorbs oxygen with avidity 
Dilute HNO, oxidises it to o toluio and phthalio 
acids 

CANTHAEIC ACID 0,oH„04 

(C«H„0)COCO^ [278° cor] 8 86 at 16°, 
8 5 at 100° Prepared by heating 1 pt of can 
thandme with 4 pts of HI (1 96 8 G ) for 2^ 
hours at 100° Trimetno crystals (from water) , 
V e sol alcohol, v si sol ether Distilled with 
lime it gives cantharene, a little xylene, butyric 
acid, and di methyl-benzoio acid It is an 
a-ketonio acid, for on heating with di methyl 
amline and ZnCl, it evolves CO, and yields a 
condensation product G^^H^ON,, the latter is 
converted into a green oolounng matter by 
MnOj, into a violet oolounng matter by chloranil 
or arsenic acid — A'Ag white pp — EA.' slender 
needles — PbA'aScaq 

Methyl ether A'Me. (210°-220°) at 60 
mm « colourless Liquid. 
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Ethyl 6thtr hTE.i (c 300®) 

Oxvm C ^„0,(N0H) [176®-180®] . 

colourless four sided plates (Piccard, J5. 10, 
1504 , 11, 2121 , Homolka, B 19, 1086) 
CAHTHAEIDIC ACID C,oH„0, %e 
(OhHisOJ CO CO H The alkaline salts are 
formed by heating cantharidm with aqueous 
alkalis When a cold solution of the salts is 
treated with acids, the free canthandic acid 
appears to bl formed, but on warming the 
solution it loses H O and cantharidm is pre 
cipitated With hydroxylamine it gives an 
oxtm, from the salts of which acids liberate 
theoximof cantharidine — Ag^A"aq — Ag^A"2aq 
(NH^)^"aq — K^"aq — CdA'aq — K^CuA"22aq 
Di methyl ether large flat 

glistening prisms, sol alcohol, ether, and hot 
water, si sol cold water (Homolka, B 19, 1082 , 
Dragendorff a Masing, Z 1807, 464, Masing, 
J 1872,841) , 

CANTHABIDIN C,oIL 0^ Lactone of can 
tharvdic acid [218° cor ] S 02 at 15° , 29 
at 100° , S (alcohol) 2 1 at 78° , 13 at 15° , S 
(benzerf) 3 38 at 80°, 51 at 15° (Rennard) , 
S (ether) 11 at 18°, 8 (CSJ 06 at 18°, S 
(CHCl,) 1 2 at 18° (Bluhm) 

Occurrence — In Spanish flies {Lytta vest 
catoria) and many other insects (Thierry, A 15, 
315, J Ph 21,44f Robiquet, A Ch 76, 302, 
Gossmann, A 86, 317 , Pocklmgton, Ph [3] 3, 
681 , llegnault, A Ch [2] 08, 159, Warner, 
Am J Ph 28, 193 , Ferrer, J 1800, 597 , 
Mortreux, J Ph [3] 46, 33 , Furaouze, J Ph 
[4] 6, 161, Bluhm, Z [2] 1, 675, Dragendoiff, 
Z [2J 3, 187, 404 , 4, 308 , Rennaid, C C 
1872, 568, Wolff, Ar Ph, [3] 10, 22 , Piccard, 
B 10. 1504) 

Preparation — 1 Powdered cantharides are 
extracted with chloroform or ether, the solvent 
IS evaporatdU and the residue freed from fat 
by washing with CS^ — 2 Cantharides are 
mixed with water and MgO, dried, treated with 
dilute H^SO^ and then shaken with ether 

Properties — Tnmetnc plates Blisters the 
skin Sublimes really at 85° (Blyth) 

Reactions — 1 HI forms canthario acid — 
2 By distillation with P3S5 it gives o xylene 
(Piccard, B 12, 580) — 3 By heating with 
alj^alis it 18 converted into salts of canthandic 
acid Ci^Hi^Oj, from whose hot solutions oantha 
ridm IS re precipitated on the addition of acids 
Oxim C,„H,A(N0H) [166°], splendid 

long glistening prisms , v e sol alcohol and 
ether, v sol hot water, si sol cold By cone 
HCl at 150° it 18 split up into its constitu 
ents — C,„H,203(N0Ag) four sided prisms — 
C,oH,20^(NOMe) [134°] , large colourless prisms , 
V e sol alcohol and ether, v sol hot, si sol 
cold, water (Homolka, B 19, 1082) 

Compound CioHjjOalj ‘ Cantharidm iodide ’ 
18 formed as a by product (5-8 pc) in the 
preparation of cantharic acid by the action of 
HI (1 96 8 G ) upon cantharidm at 85° Crys 
talline solid V sol benzene and chloroform, si 
sol alcohol, insol water On boiling with cone 
KOH it IB converted into pure cantharene 
(o xylene di hydride) CaHg(CHj j (Piccard, B 19, 
1404) 

CAOUTCHOUC India rubber This sub 
stance is obtained from tbte milky sap of 


■various trees belonging tp several natural orders* 
The sap, which is obtained by making an in- 
cision m the bark of the tree, is a white creamy 
liquid with a sp gr 1 012 

The caoutchouc exists in the sap in the form 
of minute globules, and is consolidated m various 
ways, often by heating over a smoky hre which 
produces th^ brown colour pf the comngiei^cial 
article 

Caoutchouc is colourless when pure, it is 
a bad conductor of heat and a non conductor of 
electricity 8 G about 925 At ordinary tem- 
peratures it 18 soft, flexible, and very elastic, 
but at about 10° it begins to lose its elasticity, 
and at 0° becomes hard and rigid When heated 
it loses iti elasticity and becomes soft, slowly 
resuming its original properties when cooled , if 
heated to 160°--200° it melts, and after this it 
remains semi liquid and sticky on cooling It 
burns readily with a smoky flame, leaving little 
or no ash 

Exposure to air m the absence of light pro- 
duces little effect on caoutchouc, but light and 
air together cause it to lose its elasticity and 
become glutinous, due to the absorption of 
oxygen (Spiller, G J 18, 44 , Miller, ibid p. 
273) 

Caoutchouc is insoluble in water, but when 
immersed m it becomes white and increases in 
bulk, absorbing about 25 p c of its weight of 
water, which is given up again on exposure to 
air Alcohol acts i pDn it m a similar way 

Dilute acids do not affect it, but it is attacked 
by strong nitric or sulphuric acid Chlorine 
renders it hard and brittle Alkalis produce 
little effect 

Ether, benzene, mineral oil, sulphide of 
carbon, chloroform, oil of turpentine, oil of 
caoutchouc, and many essential and fixed oils, 
act upon caoutchouc, causing it to swell greatly 
and become gelatinous and soft The action of 
these solvents appears to be to dissolve one 
constituent part of the caoutchouc, leaving the 
less soluble part in a dismtegrated condition 

According to Payen, sulphide of carbon with 
about 5 p c of absolute alcohol is the best 
solvent • 

Caoutchouc is composed of carbon and hy- 
drogen The proportions vary in ditferenf 
analyses C 86 1 - 90 6 p 0 , H 10 - 12 8 p c It 
appears to consist chiefly of two hydrocarbons, 
which can be partly separated by the prolonged 
action of a solvent, but the proportion of these 
constituents obtained varies according to the 
solvent employed The more soluble pai*t la 
soft and ductile, while the less soluble is tena- 
cious and elastic 

When caoutchouc is subjected to dry dis- 
tillation an oil consisting of a mixture of 
various hydrocarbon^* is obtained This 10 
called oil of caoutchouc. 

Among the constituents of this oil are iso* 
prene C^H, (37°-38°) 8 G 682 , caoutchene 
(171°) SG 842, and heveene (315°) 
8 G 921 (Hiraly, A Ch 27, 41 , Giegory, tbti. 
16, 61 , G Williams Pr 10, 517 , Bouchardat, 
J Ph 1837, 454 , Bl 24, 108 , C B 89, 861) 

When isoprene is acted on by strong hydno 
chloride a mixture of the mono and di- hydro- 
chlorides, together with a soUd substanoe, la 
obtained This latter is identi<ud.4n prQ|ier* 
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tiof wUh oaontohoao (Bonchardat, 0 R 89, 
1117) 

vnloanifed oaontohono — ^When caontohocio 
Is heated to about 116° in contact with sulphur, 
it absorbs some of the latter and becomes vul- 
canised The introduction of the sulphur can 
be attained in many ways, immersion m a 
mixture of carbon disulphide an4 chloride of 
sulphur, or in a solution of polysulphide of 
calcium, &o 

About 2 pc of sulphur appears to enter 
into combination with the caoutchouc If more^ 
than this quantity is introduced the excess 
remains mixed with the rubber and can be 
dissolved out by the ordinary solvents of sulphur, 
while the combined sulphur cannot be so ex 
tracted An excess of sulphur renders the 
caoutchouc less durable Vulcanised caoutchouc 
does not lose its elasticity at a low temperature 
and does not soften so easily with heat as ordi 
nary rubber It is less affected by solvents than 
pure caoutchouc 

The ordinary vulcanised rubber, besides con- 
taining an excess of sulphur, is often adulterated 
with 40-60 p c of mineral matter 

Ebonite — When caoutchouc is heated with 
half its weight of sulphur, with or without the 
addition of some mineral matter, a hard dark sub- 
stance which can be polished is obtained This 
IS much used for insulating purposes, but accord- 
ing to Wnght {Am S [3] 4, 29) it becomes 
hygroscopic when exposed to the action of ozone 
owing to the formation of H^SO, Ebonite is little 
effected by the solvents of caoutchouc 

C J W 

GAPILLABITT v Phitsigal hsthods, Sect 

IdSOELLAKBOUS 

CAPEAHIDE the Amide of Decoic acid (g v ) 
The name has also been applied to the amid^ 
ot OcToio ACID {q V ) and Hexoio acid {q v) 
CAPEAMIDOXIM v Hexamidoxiu 
CAPEIC ACID V De coic acid 
CAPBIC ALDEHYDE v Decoic aldehtdb 
CAPB ILAMID E v Amide of Ocxoic acid 
CAJPBILIG ACID v Octoig acid 
CAPBILONE V Di heptyl ketone 
CAP BILOKITBILE v Nitmle of Octoig acid 
CAPBINONE V Di-bnnyl ketone 
CAPBO-AXIDE V Amide of Hexoic acid 
CAPBO-AKILIDE V Anilide ot Hexoic acid 
CAPBOIO ACID V H exoic acid 
CAPBOIO ALDEHYDE v Hexoic aldehyde 
OAPBO-LACTOEE v Lactone of Oxy-hkxoio 
aon> 

CAPBOHE V Dl AMYL KETONE 
CAPBONITBILE v Nitrile of Hexoic acid 
CAPBOYL Hexoyl, 

CAPBOYL AMI DE v Amide of Hexoic acid 
CAPBOYL CHLOBIDE v Chloride of Hexoic 
AOn> 

CAPBYL ALCOHOL v Octyl alcohol. 
CAPBYL-AMIDE v Amide of Ootoic acid 
GAPBYLAMIKE v Octylamine 
CAPBYL CHLOBIDE v Chloride of Decoic 
Aon> , also Octyl chlobide 

CAPBYL-BENZENE v Octyl benzene 
OAPBYL EEE v Octylene 
CAPBTLEMS HYDBATE v Octyl alcohol, 
CAPBYLIC ACID v Ootoic acid 
CAPBYLIC ALCOHOL v Octyl alcohol 
CAPBYLIC ALDEHYDE v Octoio aldehyde 


CAFRYLIDEKE n Ootinbnb 

Oaprylidene tetrabromide v Tetbabbomo* 

OCTANE 

CAPBYLOKE v Di heptyl ketone 
CAPBYLONITRILE v Nitnle of Octoio acid. 
CAPBYL-PHENYL-AMINE v p Amido^ 
phenyl octane, p 178 

CAPSAICIN C,Hj,0, [69°] 

Preparation — Powdered cayenne pepper 
{Capsicum fastigiatum) is extracted with ether, 
the extract is evaporated, dissolved in hot alco 
hollo KOH, diluted with water, ppd by BaCl^, 
and the dried pp treated with ether On 
evaporating the extract, an oily red liquid re 
mams, which is dissolved in dilute potash, and 
ppd by addition of ammonium chloride 

Properties — Colourless prismatic crystals , 
insol water, sol alcohol Begins to 'volatilise 
at 100° Powerful iriitant The pungent taste 
18 removed by heating ^with potassium bichro 
mate and dilute sulphuric acid BaClj and 
CaCl, in alcoholic solution give a pp sol ether , 
AgNO, a pp sol ammonia, Fe^Clg a red pp 
when warmed (Thresh, Ph [3] 7, 21, 269, 473) 
CAPSICINE An alkaloid which may be 
extracted by benzene from the fruit of Capsicum 
fastigiatum The benzene is evaporated, and 
the residue dissolved in ether, from which the 
alkaloid is obtained by shaking with dilute 
HjSO, (Thresh, Ph [3] 6, 9411 Needles , insol 
water, v sol alcohol and etner , may b^ sub 
limed Volatile with steam It is not pun 
gent The hydrochloride crystallises in 
cubes and tetrahedra, the sulphate in prisms 
CAPSDLJESCIC ACID An acid 

obtained from the husks of the horse chestnut 
(Rochleder, Z 1867, 83) Crystals, may be 
sublimed. FejCl, turns its solution greemsh- 
blue 

CABA6HEEN MOSS Irish pe^irl moss A 
gelatinous seaweed {Chondrus crispus) Swells 
up in cold water, almost entirely dissolves in hot 
water Ppd by Pb(OAc )2 Appears to be 
chiefly composed of a carbohydrate, which la 
insol Scbweizer’s solution, and not turned blue 
bv HjS 04 I (Schmidt, A 61, 66 , Fliickiger 
a Obermayer, N R P 1868, 360) Caragheen 
moss gives galactose when boiled with dilute 
HjSO^ (Haedicke, Bauer, a. Tollens, A 288, 
802) 

CABAJDBA A red dye, probably identical 
with chica red Insol water, sol alcohol and 
dilute alkalis, reppd by acids (Virey, J Ph 
1844, 161) 

CARAMEL A black substance obtamed by 
heating cane sugar at c 200° It is said to bo 
a mixture of caramelan oaramelen 

CjwHj^Ojj, and caramelin C^Hj^Oj, They all 
reduce Fehling’s solution Dilute (84 p c ) alco- 
hol extracts caramelan, cold water tnen dissolves 
caramelen, leavmg caramelin Caramelan is 
a colourless, brittle, deliquescent resin — 
OijBaHi^O^aO — OjjPbHjjO, — CjjPbHj.O^bO 
Caramelen is a mahogany coloured solid — 
Cg^H^^aOjj — C^ 4 ,PbOa 4 Caramelin is a 
glittering black solid, sol boiling water — 
Oj^Hj^aO*, — C^H,aoBaOa,BaO — CjaH^^bOj. 

(G41i8, a. Oh [8] 62, 352) Caramelfui ana 
caramelen are crystalloids, caramelin is a 
colloid The formulss and punty of these 
I bodies are, of course, very doubtful , other 
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observers have arrived at somewhat different 
results, indeed the nature uf the resulting pro 
ducts depends upon the temperature used in 
preparing them (P61igot, A Ch [2] 67, 172, 
VSlckel, A 85, 69 , Maumen6, C R 39, 422 , 
Graham, C J 15, 268, Thomson a Sheilock, 
C N 25, 242, 282) 

CABAVAY OIL Oil of caraway contains 
a terpene {q v) C,oH,a identical with citrene, and 
carvol {q vi 

CABB>AC£iO-AC£TXC £T1£!EB is mBSit&tiB 
lactone carboxylic acid, p 20 

CABBACETOXYLIO ACID CaH.O, A syrupy 
acid, said to be formed by the action of moist 
Ag^O on /3 chloro propionic acid and on cm di 
chloro propionic ether Eeduced by sodium 
amalgam to glyceric acid, and by HI to pyru 
vio aoid (Wichelhaus, A 143, 7 , 144, 351 , 
Klimenko, B 3, 468 , *6, 477 , 7, 1406 , cf 
Beckurts a Otto, B 10, 2039) 

TEI CAEBALLYAIC ACID C.HA ts 
CO^H CH(0H2.C0 H) - 8 Propane tri carboxylic 
acid Mol w 176 il58°] S 40 5 at 14° 

Formation — 1 In the preparation of sugar 
from beet root (Lippraann, B 11, 707, 12,1649, 
Weyer, C J 38, 804) — 2 By the saponification 
of its nitrile which is prepared by the action of 
KCy on s tri bromo propane in alcohol (M 
bimpaon, Pr 12, 236 , 14, 77 , O J" 18, 331) ~ 
3 By reducing SEiconitic acid or its ether with 
8(^ium amalgam (Dessaignes, C R 65, 610 , 
Wichelhaus, A 132, 61 , Hlasiwetz, Z 1864, 
734) —4 By the action of potash on the product 
of the action of KCy on /3 chloro isocrotonic 
ether (obtained from aoeto acetic ether and 
PClj) (Claus a Lischke, B 14, 1089) —6 In 
the same way from a chloro crotonic ether or 
from di - chloro propylene (epidichlorhydrm) 
(Claus, B 6, 858, 9, 223, A 170, 131, 191, 
63) — 6 Appears to be formed by the action 
of HCl aftd KCIO, on gallic acid (Schreder, A 
177, 292) — 7 Acetyl-succmic ether is con 
verted by Na into acetyl tn-carballylic ether 
CH,CO C(CH2 CO^Et)3 COjEt whence alcoholic 
KOH or baryta water produce tn-carballyhc acid 
(Miehle, A 19(4 822) —8 By the oxidation of 
di allyl-acetio acid by dilute HNO, (Wolff, A 
201, 63) —9 By boihng oitracomc acid with zinc 
and HCl 06hrmann a Hofmann, B 17, 
2692) —10 From propane tetra carboxylic acid 
(CO3H 0H3),C(C02H), by heat (Bischoff, A 214, 
66) 

Properties — Hard short trimetric prisms 
(from water) , v sol water and alcohol, si sol 
ether The ammomum salt gives with BaClj 
or CaCl, no pp , even on adding NH, Pb(OAc)2 
gives a white pp Fe^Cl, gives a red pp 

Salts — NajHA'" 2aq(?) — KH^A'" — 
CajA'", 4aq — BaHA" — Ba^A'^^Oaq — Pb,A"',— 
Ou,A"',-Ag,A'" 

Tr% ethyl ef/ier Et,A'" (c 300°) 

Tri isoami/Z 0f/ter(CjH,,)3A'"(above36O°) 

OABBAMIC ACID CHsNO, le NH3CO3H 
Amido formic acid Amide of carbonic acid 
Not known m the free state The ammonium 
salt is formed by the union of dry or moist 
CO, (1 vol ) with gaseous NH, (2 vols ) (J Davy, 
N Ed, P J 16, 846 , Rose, P 46, 352 , A 30, 
47) Formed also by sublimation of neutral 
ammonium carbonate, and therefore occurs in 
oommeroial ammonium carbonate Formed also 


by oxidising glycocoll, leucine, tyrosine, and 
albumen, with alkaline EMnO^ (Dreohsel, J pr 
[2] 12 417, cf Hofmeister, J pr [2] 14, 178) 
It may be conveniently prepared by digesting 
commercial ammonium carbonate writh saturated 
aqueous NH, for SO or 40 hours at 20°-26° 
(Divers, C J 23, 215, cf Kolbe a Basaroff, 
C J 21, 194) 

Reactions — 1 Acids decompose carbamates 
with formation of CO^ and NH, — 2 Boiling 
water converts carbamates into carbonates — 
3 Strongly heating converts the Na salt into 
sodium cyanate and H^O (Dreohsel, J pr [2] 16, 
199) 

Salts — The carbamates are soluble m water 
(difference from most caibonates) — NH^A' (i 
supra) Deliquescent plates Its aqueous solu 
tion quickly changes to carbonate, but it is stable 
in presence of excess of NHg in the cold At 00° 
it is completely split up into CO^ and NH, (Nau 
mann, A 160, 1 , P 18, 1157 , Horstmann, A 
187, 48 , Erckmann, B 18, 1154) In a sealed 
tube at 140° it forms urea — NaA'araq formed 
by adding NaOEt to an alcoholic solution of the 
ammonium salt , pnsms — KA' deliquescent 
— CaA'2 aq ppd by adding lime and alcohol to 
a solution of NH^A' at 0° , crystalline powder, 
sol water, the solution quickly deposits CaCOj 
When strongly heated it leaves calcium cyan 
amide — Sr A', — BaA' 

Chloride OC(NH2)C] [c 60°] (62°) Pre- 
pared by passing a stream of dry COCl, into 
NH,C1 heated to about 400° Long broad 
needles Strong odour On keeping it slowly 
changes into cyamelide with evolution of HCl 
By water it is decomposed into NH^Cl and CO^ 
On vaporisation it probably dissociates into 
cyanic acid and HCl, which again recombine 
on cooling By CaO it is converted into cyanio 
acid With aromatic hydrocarbons in presenci 
of AljCl^ it gives amides of aromatic aoida 
(Gattermann a Schmidt, B 20, 868). 

Carbamic ethers Urethanes 

Preparation — 1 From chloro formic ethers 
and NHj — 2 From cyanic acid and alcohols — 
8 From cyanogen chloride and alcohols — 4 By 
heatmg alcohols with urea nitrate 

Pi operf res ^Solid substances, si sol water, 
V sol alcohol and ether , may be distilled 

Reactions — 1 Heatmg with NH, gives urea 
2 P,0, gives oyanates — 3 Alcohoho KOH acts 
upon carbamic ethers of the fatty senes accord 
mg to the equation NH COaC.H^+i + KOH 
= KNCO + 0„H2„„OH + H20 (Arth, Bl [2] 46, 
702 , A Ch [6] 8, 428) Bomyl and menthyl 
carbamates act similarly 

Methyl ether MeA' [62°] (177®) S 

217 at 110° , S (alcohol) 73 at 15° (Echevama, 
A 79, 110) 

Ethyl ether EtA' Urethane Mol w 89 
[0 50°] (c 182°) Formed by the above 
methods (Dumas, A Ch [2] 64, 233, A 10, 
284, Liebig a Wdhler, A 64, 370, 58, 260, 
Wurtz, A 79, 286 , C P 22, 603 , Bunte, Z 
[2] 6, 96 , ^ 151, 181) Also from carbonic 
ether and NH, (Cahours, C R 21, 629 , A 66, 
266) 

Reactions —Alcoholic potash, at the ordinary 
temperature, gives large crystals of potassium 
cyanate In this case NH, CO,K is not formed 
as an , intermediate product A solution of 
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tir^ihftne in absolute ether, treated with K 
or Na gives the derivatives KNH 00 ^Et, and 
KaNH COjEt Of these, the Na derivative is 
sufficiently stable for analysis It is v sol abso 
lute alcohol, insol absolute ether With aloo 
holic potash containing water K 0, is obtained 
The body HgN CO OEt is obtained by mixing 
alcoholic solutions of urethane, HgClj, and KHO 
(Mulder, R T C 6, 170) 

Acetyl derivative NHAc CO^t [78°] 
(Conrad a Salomon, J pr [2] 10, 28) 

Chloro ethyl ether H^NC0^C^H,C1 
[76°] From NH, and the chloio ethyl ether 
of chlorofomuc acid Prisms V sol water, alco 
hoi and ether (Nemirowsky, J pr [2j 31, 174) 
n-Propyl ether PyA' [56^] (195°) (Ca 
hours, J 1873, 748 , Roemer, B 6, 1102) 
Long prisms 

Isobutyl ether C,H,A' [55°] (207°) 
(Myhus, B 5, 973 , Humann, A Ch [3] 44, 
340 , A 95, 372) 

Isoamyl ether CjH,,A' [60°] (220°) 
(Medlock, A 71, 106, Wurtz, J Ph [3] 20, 22) 
Needles 

Octyl ether A' [55°] (135°) at 25 
mm , (231°) at 760 mm On distillation it is 
partially converted mto cyanuno acid (Arth, 
C R 102, 977) 

Bornyl carbamate V p 523 
Menthyl carbamate V Menthol. 
CARBAMIDE t; Ubea 
CARBAMIDO' v Ukamido 
C ARB AMIN £8 Carbylamtnes Iso nitriles 
Compounds of the foimula B N C 

Formation — 1 By distilling primary mon- 
amines with chlorofoim and alcohohc potash 
RNH, + CHCl, + 3KOH = 8KC1 + RNC + 3H O 
(Hofmann, A 144, 114 , 140, 107) — 2 By 
treating an alkyl iodide (1 mol ) with silver cyan 
ide (2 mols ) a double salt RNCAgCy is formed , 
on distilling this compound with cone aqueous 
KCy there is formed KCyAgCy and the carb 
amine passes over (Gautier, A 146, 119 , 149, 
29, 155 , 151, 239) HgCy, and 2nCy^ may also 
be used in preparing carbamines (Calmels, Bl 
[2] 43, 82) — 3 In small quantity in preparing 
nitnles by distilbng potassium ^Ikyl sulphates 
with potassium cyanide — 4 By distillmg the 
compounds of thio carbimides with tri-ethyl- 
phosphine (Hofmann, B 3, 766 , Z 7, 29) 
Properties — Volatile stinking poisonous oils 
Reactions — 1 Alkalis have no action —2 
Mineral acids instantly convert them into 
alkylamines and formic acid RNC + 2H^O«> 
BNH^ + H CO^H Water at 180° acts similarly 
3 Dry HCl forms a compound, quickly decom- 
posed by water as in 2 — 4 Organic acids form 
Alkyl formamides — 5 EtI forms a compound 
(difference from nitriles) — 6 HgO oxidises 
them to alkyl cyanates R N CO, alkyl form 
amides being also foimed (Gautier, A 149, 

ail) 

CARBAMIKE-CTAMIDE or CABBAMINE. 
CYAKAMIDE so called is described as Amido | 
PI CYANIC ACID Its derivatives are described as 
EtHYL-CABBIHIPO-UBEA, CARBISilPO KTHYL UREA, 
Ate 

CARBAlflL V Phbntl cyanate 
CABBAHILIC ACID v Phenyl - carbahio 

A0IP 

CARB&HILIDS p s Di phenyl ubia. 


OARBAHILIDO- v Phenyl urahido*. 

CAEBAZOLE C.^N %e 

Mol w 167 [238°] (852° oor) V D 5 86 
(calc 685) S (alcohol 92 at 14° , 8 88 at 78°. 
S (toluene) 66 at 16 6 , 6 46 at 100° (Bechi, B 
12, 1978) 

Occurrence — Among the products of the dis 
tillation of coal tar , hence it occurs in crude 
anthracene (Graebe a Glaser, B 5,cl2, 376 , A 
163, 343 , 167, 125 , 174, 180 , 202, 21 , Zeidler, 
A 191, 297) 

Formation — 1 By passing vapour of aniline 
or diphenylamine through a red hot tube — 
2 From imido di phenyl sulphide (thio di 

P XT 

phenyl amine) by boiling with 

freshly reduced copper for 2 or 8 hours, the 
yield 18 about 60 p c ((joske, B 20, 233) 

Properties — White laminas or tables Easily 
sublimes A solution in 6onc H^SO^ is turned 
green by HNOj May distilled over red hot 
zinc dust without change Although an imide, 
it forms a compound with picric acid and its 
acetyl derivative is obtained with difficulty 

Reactions — 1 It is not affected by cone 
HClAq or alcoholic KOH even at 300° Cold 
cone HjSO^ dissolves it without change, but at 
100° a di sulphonic acid results — 2 HNO, 
forma nitro compounds — 3 &odmm amalgam 
does not reduce it in alcoholic solution, but CH 
and P at 210° reduce it to carbazoline CjgHi^N — 

4 By exhaustive chlorination with SbCl, it 
yields per chloro diphenyl or per chloro 
benzene according to circumstances as yet un- 
determined (Merz a Weith, B 16, 2875) — 

5 By heating with oxalic acid the compound 

C„H.,N,0 or HO C(C.H,<p g », is obtained. 

It forms minute crystals which very re^ly yield 
blue solutions (carbazole blue) on oxidation 
(Suida, B 12, 1403, Bamberger a Muller, B 
20, 1903) 

Potassium derivative C,yHgNK From 
carbazole and KOH at 230° Picric acid 
compound C„H„N C,H,(NOJ,OH [182°] 
From carbazole (1 pt ) and picno acid (1^ pts ) 
m toluene Red prisms , v si sol cold benz 
ene or alcohol Decomposed by a large quan- 
tity of alcohol, by water, and by alkahg. 

jVifrosamzne CjjHgN NO [82°J Nitrous 
acid m an alcoholic solution of carbazole forms 
mono- and di nitro carbazole If carbazole 
(3 g ) be mixed with acetic acid (60 g of S G 
1 04) and ether (bO g ) be poured in, on adding 
ENOj the nitrosamine is dissolved m the ether 
as fast as it is formed, and crystallises out on 
evaporation Long flat golden needles Soluble 
in ether, CS^, chloroform, glacial acetic acid 
and benzene It is decomposed if heated with 
alcohol mixed with an acid, carbazole being 
regenerated Alcoholic KOH turns it blood red. 
Reducing agents regenerate carbazole Oonc 
H2SO4 gives a dark green colour (Zeidler, A 
191, 305) 

Acetyl derivative CijH.NAc [69®] 
(above 3b0°) From carbazole and Ao«0 at 
260° Slender needles (from water) , v si sol 
water, v e sol alcohol Erdmann’s solution 
does not turn it green Its picric acid comj^und 
is orange ^ 
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Referenu9 — Bbomo , Chlobo , Nitro-, 
Mbtutij , and Ethtl>, oabbazolb 

CIBBAZOLK TETRAHYDEIDE 

n.20®] (o 828°) Formed, together with 
hydrogen, by heating carbazolme hydrochloride 
at 300° Crjstalhsea from alcohol V e sol 
alcohol, maol water Does not combine with 
acids Eaduoed by HI and P to carbazolme 
The picric acid compound 
0 i 2 H,jNCgI^|(N 02 ), 0 H forma brown laminae 
CABBAZOLE CARBOAYLIC ACID 
C„H«N02 le C,2H,NC0,H [272°] From 
potassium carbazole and CO^ at 270° Micaceous 
scales or flattened prisms with faint blue fluor 
escence msoL water, si sol cold alcohol 
(Ciamician a Silber, O 12, 272) 

CAEBAZOLINE OjjHjjN Curbazole hexa- 
hydnde [99°] (297° i V^) V D 6 Id (6 99 calc ) 
Formed by heating carbazole (d pts ) with (12 pts 
of) HIAq (127°) and amorphous P (1 pt ) at 
220° White needl^ (from alcohol) , may be 
sublimed , volatile witt steam , v e sol alcohol 
and ether, v si sol water HI and P at d30° 
reduce it to diphenyl decahydnde CjjHj# Does 
not combine with picric acid 

Salts — B'HCl V e sol water — B'HBr 
tables — B'HI 

Acetyl derivati'se C,^,,NAc [98°] 
Prom carbazolme and Ac^O at 110° Needles 
(from alcohol) • 

•CaEBIUES Compounds of carbon with one 
other more positive element A carbide of non 
FejC probably exists in cold rolled steel , othi r 
carbides of this metal are described, but their 
existence is doubtful Silver is said to form 
three carbides, Ag^C, AgjC, and AgC Nickel 
takes up a small quantity of carbon when 
strongly heated with charcoal, but no definite 
compound has yet been prepared We have 
very httlg definite information regarding this 
class of compounds (v Ieidium, Iron, Nickel, 
Palladium, Platinum, and Silver) M M P M 
CABBIMIDE V Cyanic acid 
CABBIMIDO-ALLYL THIO-UBEA C,H,N,S 

te NH or C.H.NH CS N C NH 

Ally I thw carhamine cy amide Formed, as the 
crystalline sodium salt, by mixmg allyl thio 
carbimide and sodium cyanamide Decomposed 
hy acids mto its constituents (Wunderhch, B 
19, 448) 

CABBmiD.AMIDO. BENZOIC ACID is 
Ouanido di benzoic acid v p 157 

CABBIMIDAMIDO-BENZOYL v Oxy quin- 
AzoLiNE and p 165 

CABBIMXDO-CYANAMIDE v Amido pictanio 
▲ cxp, p 163 

CABBIMIDO-ETHYL-THIO XTBEA C,H,N,S 
SC<^ 2 >CNH or EtHNCSNCNH 

Ethyl thw-carbamiTie cyamide Formed, as the 
crystalline sodium salt, by mixmg ethyl thio 
carbimide and sodium cyanamide Decomposed 
by acids mto its constituents (Wunderlich, B 

19, 448) 

CABBUaBO ETHYL UBEA O.H^N.O % e 

00<^|[‘>C NH or EtHN CO N C NH EthyU 

tarhamxne-eyarmde Formed, as the crystalline 
sodium salt, bj mixing ethyl oyanate and 
sodiuzB oyanamids. Decomposed mto its con 


stitnents by acids Forms a green orystallme 
copper compound (Wunderlich, B 19, 448) 

GABBIIODO lUTHYI-THlO.DBEA 

0,H,N,8t« SC<™®>CNH or 

MeHN CS N C NH Methyl thw carbamine cy 
amide Formed, as the crystalline sodium salt^ 
by mixmg methyl thiocarbimide and sodium 
cyanamide Decomposed by acids into its con- 
stituents (Wunderlich, B 19, 448) 

cabbimido-phenyl-thio-ttbea 

CjHjNjS r e NH or 

PhNH CS N C NH Phenyl thw carhamine- 
cyamide Formed, as the crystalline sodium 
salt, by mixing phenyl thiocarbimide and sodium 
cyanamide Decomposed by acids mto its con 
stituents (Wunderlich, B 19, 448) 

DI CABBIN TETBA CABBOXYLIC ACID v 
Ethylene tetra carboxylic acid 

CABBINOL A name given by Kolbe to 
methyl alcohol, but used only in describing 
alcohols derived therefrom by displacement of 
hydrogen of its methyl by one or more alkyls 
Cf Alcohols 

CABBIN YL The correspondmg term for 
the alcohol radicles of the alkyl carbmols , 
thus, McjC may be called tri methyl carbinyl 

CABBO ACETO ACETIC ETHEB v p 20 
CABBO ALLYL PHENYL AMIDE r Phenyl- 

ALLYL cyanamide 

CABBO DI BUTYL DI PHENYL IMIDE v 

Dl BUTYL DI PHENYL CYANAMIDE 

CABBO ISO BUTYBALDlNE C.HASj te 
(NH 2 )CS S N(C,H ,)2 [91°] From ISO butyralde- 
hyde, CSj, and aqueous NHj Prisms, msol 
water, sol alcohol (Pfeiffer, B 6, 701) 

CABBO-CAPBO LACTONIC ACID v Lactone 
of Oxy propyl succinic acid 

Di oarbo capro iactonio acid v Lactone of 
Oxy pentane tri carboxylic acid 

CABBOCINCHOMEBONIC ACID is Pyridine 

TRI CABBOXYLIC ACID 

CABBO-GLUCONIC ACID C^H.^Og An 
amorphous acid whose NH^ salt is obtained by 
treating glucose or cane sugar with aqueous 
HON (bchutzenberger, Bl [2] 36, 144) 

CABBO DI-GLYCOLLIC ETHJ^ v Glycollxo 

ACID 

CABBOHOMOPYBBOLIC ACID v Methyl- 

pyrrol carboxylic acid 

CABBOHYDBATES A term applied to com- 
pounds which may be represented by the formula 
Cx(H^O)v where x is 5, b, or 12, and y is 5, 6 or 
11, and to compounds derived from several such 
molecules by abstraction of water They are 
non volatile solids, and the non - saochanne 
members of the group may be converted by 
boiling dilute acids into a sugar, usually glucose 
(dextrose) They contain hydroxyl On oxida- 
tion they frequently give nse to oxahc, racemic, 
saccharic, and mucio acids Most of them are 
optically active Cellulose is insoluble m water , 
the gums dissolve, or at least swell up, m water^ 
but are ppd by alcohol Sugars are soluble m 
water, are not reppd by alcohol, and have a 
sweet taste lodme turns starch blue, and 
affects cellulose in the same way after it has 
been treated with a dehydratmg agent The 
I carbohydrates vary also in their behaviour to- 
I wards alkaline copper solutions, and as regards 
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fermentation by yeast They are described in 
the articles Ababio acid, Obllulosb, Dextbin, 
Stabch, Suoab, Bxa 

CA^OUC ACID « Phenol 
CASBO MESYL v Methyl oxindols 
CABBO DI NAPHTHYL IMIDE v Di naph- 
thyl CYANAMLDE 

CABBON GBOHP 07 ELEMENTS —Carh(m 
and Silicon Of these elements, carbon occurs 
in the free state in the forms of diamond, graphite, 
and amorphous carbon , silicon is not known as 
such in nature, but combined with oxygen it is 
one of the most widely-distributed elements 
Diamond was regarded by Newton as a com 
bustible body because of its great refractive power 
in 1694 the Florentine academicians succeeded 
in burning small pieces of diamond , and m the 
early years of this century Davy proved it to 
be pure carbon In early times graphite was 
thought to be very similar to lead , hence the 


namejpZt^mba^ , for a time it was confused wi^h 
molybdenum glance, but in 1799 Soheele proved 
it to be closely related to coal m its composition 
It IS only in somewhat recent times that approxi- 
matelv pure graphite has been obtained Char 
coal IS the commonest form of impure amorphous 
carbon , this modification of carbon can be ob 
tamed approximately pure only with consider- 
able difficulty 

After the earths had been pv9ved to be 
metallic oxides in 1807, it was generally sup 
posed that the common earth like body silica 
would also be found to contain oxygen and a 
metal In 1823 Berzelius decomposed silica 
and obtained the non metal silicon, in the form 
of a brown amorphous powder A good many 
years later Deville prepared crystallised silicon 
in two form B, one more of less resembling diamond , 
and the other, graphite The leading properties 
of the two elements are as follows — 



Carbon 

Silicon 

Atomic weights 

1197 

28 

Many compounds of each element have been gasified Molecular weights unknown 
(?) probably greater than C^ and bi^ 

Melting points 

Does not melt at any temj erature 
hitherto attained 

1,100°-1,300° (uncertain) 

4 

Specific gravities 
(approximate) 

Diamond 6 5 , graphite 2 25 , amor 
phous 1 5-1 9 

Graphitoidal 2 2-2 5 (doubtful)^ 

Specific heats 

0 46 (at about 1000°) 

0 203 (at about 250°) 


The specific heat of either element increases rapidly as temperature increases from - 50° the 
rate of this increase is however, very small after about 500° for cai bon and about 150° for 
silicon The specific heats of diamond and graphite vary considerably at temperatures below 
about 600°, but from this point upwards the values are practically identical 


Atomic weight 

Spec grav 4 5 

(approximate) 
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Heats of formation of various compounds (Thomsen, Berthelot, &o ), 
(Generally from amorphous Carbon or Silicon ) 


[M,H«] . 

[M,OB] 

CM,0^ . 

Change of amor- 
phous M to crys- 
talhne M 


21,750 

21,000 

96,960 

-26,000 

8,000 


24,800 

157,000 (prod*.ct hqoid) 
219,200 
40,000 

8,100 


Heats of neutralisation of aqueous solutions of CO^ and S 1 O 2 (Thomsen) 


n 

1 

2 


[CO Aq, nNaOHAq] 


11,000 

20,150 


diff » 


9,150 


n [SiOAq, n NaOHAq] 
i 8,240 

1 4,815 

1 4,730 

2 5,230 

4 6,410 


Snicio acid shows no constant neutrahsation-point The quantity of heat produced is a 
hyperbolic function of the quantity of soda added, and approaches a probable maximum of 
6,800 gram units for one formula weight of SiO, {v Silicates) 


Physical properties 


Diamond hardest known substance , 
crystalhses in regular forms octa 
h^ral predominating, bad con 
duotor of electricity , refractive in 
dex large (md * 2 480) , lustre very 
marked, usually colourless and 
transparent, but sometimes green, 
brown, or yellow. 


Adamantine very hard, scratches 
glass, dark iron grey colour, reddish 
by reflected hght , crystallises in 
forms derived £rom a rhombic octa- 
hedron 

Qraphitoidal softer than adamantine 
but scratches glass , may be pul- 
verised , metal like lustre, leaden- 
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Oarbost Siiiiooir 

Oraphite orystalliaes m hexagonal grey colour , crystallises in leaflets 

forms , good conductor of elec composed of octahedra , good con- 

tncity , tough and difficult to pul ductor of electricity 
venae, grey, metal like appear- Amorphous brown powder, heated 
anoe out of contact with air to high tern 

AmorpJums black powder, very perature it contracts and becomes 

porous, absorbs large quantities of crystalline , bad conductor of elec 

gases and of many colouring mat tricity , dissolves in molten A1 or 

ters from solutions Zn and crystallises out on ooohng 

Occurrence and The three forms occur in nature, but Very widely distributed as silicates 
pr^ration neither graphite nor amorphous of Ca, Mg, Fe, Al, &o , amorphous 
pure , constituent element of all obtained by action of K on hot 

animal and vegetable matter, car- SiCl^, SiF^, or K^SiF„, graphitoidal 

bonates very widely distributed , obtained by melting Al with K SiO, 

graphite prepared by dissolving and cryolite, or by decomposing 

amorphous in molten iron, or by SiCl^ at a high temperature by Na, 

decomposing by heat the CN com adamantine obtained by melting 

pounds in the mother liquor of Zn with K^SiF^, and Na 
soda manufacture, &q approxi 
mately pure amorphous, prepared 
by washing sugar charcoal in acid, 
alkali, and water, and strongly 
heating in chloiine, or by de- 
composing COj by Na, Ac 

^CKcmiealproperttea Allotropy marked Diamond heated AUotropy marked Amorphous Si 
by powerful battery in absence of burns easily in air to SiO^, graphi- 

oxygen gets grey black and coke toidal does not oxidise when heated, 

like but does not volatilise , heated adamantine not even at a white 

in air combustion begins at 950°- heat in oxygen , adamantine 8i 

1000° Graphite not affected at oxidised at red heat in CO^ (giving 

any temperature in absence of CO + SiOj), also by strongly heating 

oxygen , oxidised by repeated with K^COj or Na^CO, (giving 

treatment with KCIO, and HNO, CO + SiO^ +• C), but not changed by 

to graphitic acid C,,H<Oj (or Og), molten KJESO4, or by heating with 

a yellow sohd, si sol water, act- KNO, if temp at which that salt 

ing towards alkaline bases like a decomposes is not reached Amor- 

feeble acid Amorphous bums phous 81 soluble in HFAq giving 

easily in air , combines with H at H2SiFaAq and hydrogen, also in 

a very high temperature to form strong hot potash ley giving 

CjHj , also combines directly with KjSiOgAq and hydrogen , adaman- 

S to form CSjf, with O to form CO • tme Si insoluble in HFAq and hot 

and COj, and under special con- alkah solutions Si does not di- 

ditions with N to form C^N,, com- rectly combine with H, S1H4 pro- 

pounds with halogens formed in duced by action of HClAq on com- 
directly , combines directly with pound of 81 and Mg , combines 

Ir, Fe, Ni, Pd, Pt, Ag, and perhaps with S at high temperature to form 

some other metals Carbon a SiS^, with 0 to form SiOj, with Cl, 

negative element , does not form Br, or I, to form S1CI4, SlBr4, or 

salts by replacing H of acids , CO, S1I4 , and with N at white heat to 

an anhydride , an aqueous solution form SijN, , combines directly with 

of CO2 probably contains the di- Al, Cu, Fe, Mg, Mn, Ni, Pt, and 

basic acid HjCOj, salts of this perhaps some other metals SiO, 

acid well marked , HjCS, prepared an anhydride , probable existence 

Atom of C 18 tetravident , C atoms of several silicic acids , SiO(OH), 

tend to combine with each other , probably present m solution ob- 

vast number of compounds pro- tamed by neutralising KjSiOjAq by 

duced by addition of other atoms HClAq and dialysing , ^his solution 

to groups of C atoms very readily gelatinises Atom of 

Si IS tetravalent, and, to some ex- 
tent at least, atoms of Si tend to 
combine together and form groups 
which combine with other atoms, 
forming molecules similar to tnose 
of the organic oompounda. 
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General formula cmd eharactera of compounds 
MO, MO^ MS,, (SiO unknown, ?CS and 
C,Sa) , MOjH, (neither known except (?) m 
aqueous solution, v Cabbon and Silicok), CS,H,, 
MH,, 

&o , Ad, and a vast number of denvatives , 
MX< (X - Cl, Br, I, or m case of Si also = F), 
M,Xe(X-Cl, Br, or I where M = Si, X-Cl or 
Br where M = C), CjCl^, CjfBr^, &g , SiF^H,, 
CH,C 1 , CH,Cl„CHCl3, SiHCl„SiHI„ Ac , C,N„ 
CNH and salts, C^N^eH^ and salts, CeNgFeH, 
and salts, CjNjNOFeH, and salts, Ac , Ac , 
SijNj Ac The compounds of C and Si exhibit 
considerable differences in their properties , CO 
and CoWare gases, SiOjis a very fixed solid, CS, 
is a liquid, SiS, a solid , CCI4 is not acted on by 
water, S1CI4 is at once decomposed into SiO, 
and HCl , Si readily forms a fluoride and also a 
double fluoride with hydrogen, no corresponding 
compounds of 0 are known, CH4 is a stable 
gas, S1H4 is oxidised by mere contact with air 
and IS easily decomposed by heat (at 400 “^) , Si 
(amorphous) dissolves in potash evolving hydro 
gen and forming a silicate, carbon is unacted on 
by alkalis Both elements form many com 
pounds with H and 0 (alcohols, ethers, acids 
Ac ), the composition of which is similar, in 
some cases the properties of the Si compounds 
closely resemble those of C, eg C(C2H ),H 
and Si(C 2H,),H, C(C2H,)20H and Si(C2H,),OH , 
but m o^er cases the properties of the two 
classes of compounds differ much, e g CH, CO2H 
and C2H5 CO^H are liquids soluble in water, 
but CH, S1O2H and C^Hj S1O2H are amor- 
phous solids insoluble in water Many sili- 
cates and carbonates are isomorphous Sili- 
cates, except those of the alkali metals, are 
insoluble in water, and most of them are with 
difficulty decomposed by acids, the normal 
carbonates of the alkali metals are solu 
ble in water, other normal carbonates are in 
soluble, aqueous solutions of acid carbonates 
are generally easily decomposed by heat yielding 
either normal or basic carbonates , the normal 
carbonates of the alkali metals are not decom 
posed by heat alone, other normal carbonates 
are decomposed into metallic oxide and COj 
Group IV of the elements, as the elements 
are classified by the application of the periodic 


law, con tarns the following 

— 

Even 

2 

4 

Series 

6 8 

10 


C 

Ti 

Zr Ce 

— 

Odd 

8 

6 

7 9 

11 


Si 

Ge 

Sn ~ 

Pb 


The metals titanium, zirconium, and germa 
mum show considerable analogies with tin , 
cerium and thorium are usually classed toge 
ther among the rarer earth metals, and lead is 
generally considered apart from other metals 
nevertheless there are well marked analogies 
between all the elements which comprise Group 
IV of the periodic system Titanium is an 
amorphous body closely resembling amorphous 
silica, it forms the compounds T1F4, T1CI4, 
TiBlf<, T1I4, Ti^Cl,, TiOj (probably TiO(OH) and 
Ti(0]ro4l, TijO,, Ti,N 4, Ac , titanates are known 
(M3T1O,), many of them isomorphous with sili- 
eatos and carbonates Ti is more metallic than 


0 or Si, it forms a sulphate Ti(S 04)2, and other 
salts wherem the hydrogen of acids is replaced, 
by titanium Zirconium again is more decideoiy 
metallic than titanium , it forms a senes of 
well marked salts Zr(S04)2, Zr4N0„ Ac , <3ec 
On the other hand Zr resembles G and Si m 
that it has been obtained both as an amorphous 
powder, and also in crystals which resemble Si 
in their behaviour towards acids , zirconates 
(M2Zr08) are also known Germaniu'n forms 
oxides, chlorides, and sulphides, Ac (GeX and 
GeXa, X = 0 = S = CI2), resembling those of Sn , 
it IS, however, more markedly non metallic in 
its chemical ifunotions than Sn , physically 
Ge 18 decidedly metallic Cerium forms two 
oxides Ce^Oj and CeOj , the former dissolves in 
acids forming a series of salts of which Ce^SSOi 
is a type , CeO^ is a peroxide, it dissolves in 
HCl with evolution of Cl and formation of CeClj, 
but a sulphate Ce(S04)2 is known corresponding 
to the sulphates of Ti and Zr Ce also forms a 
fluoride CeF4, a double fluor ie 3KF 2CeF4, and 
a chloride Ce^Clg Thorium again approaches 
more closely than cerium to Zr and Ti , it is a 
dark coloured amorphous powder resembling Si, 
but more soluble in acids than Si, Zr, or Ti , it 
forms the compounds ThCl4, ThF4, K^ThF,, 
ThO^, Ac , the sulphate is Th(S04)2, and other 
analogous salts are known Tin forms the 
two oxides and chlorides SnO anu SnOj, SnClj 
and SnCl4 , the hydrates of SnO^ are feeble acids^ 
producing stannates (MjSnO.,) and metastan- 
nates (M^Sn^O,,), both of which are easily de- 
composed by dilute acids or by heat Both 
the stannous salts e g SnS04, and the stannic 
salts e g Sn(S04)2 are well marked compounds 
Lead is decidedly metallic in its character , it 
forms four oxides PbO, Pb,04, Pb^O,, and PbOa, 
the last 18 a peroxide, and it may also be re- 
garded as an anhydride inasmuch as plumbates 
(MjPbO,) exist, but these salts are very un 
stable and easily decomposed The best marked 
salts of lead are derived from the oxide PbO, 
eg PbCl2, Pb2NOj, PbS04, Ac , PbCl4 has not 
been obtained pure, but this series of salts is 
represented by the tetramethide P,y(CH,)4 which 
IS stable as a gas The atoms of all the elements 
of Group IV , so far as evidence has been ob- 
tained, are tetravalent Looking at the pro- 
perties of these elements as a whole, it may bo 
said that carbon is to a considerable extent set 
apart from the others, but that it is more closely 
allied to sihcon than to any other member of 
the group , that titaniuni and zirconium are 
closely related , and that tin and lead, while 
showing distmct analogies with the rest of the 
group, are yet each characterised by properties 
which mark them off from the other elements 
Not much can yet be said rtegardmg cerium and 
thorium , they require further study 

For more details and descriptions of the 
various elements see the articles on these ele- 
ments, also V Titanium group op elements; 
also V Carbonates, Nitrates, Sulphates, Ac 
I n some of their physical properties carbon and 
silicon, especially the latter, resemble boron, but 
boron must be classed with those elements the 
atoms of which are trivalent Boron 

M M P M 

CABBOK C At w 1197 Mol w unknown; 
element has not been gasifidd, SG diamond 
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8 514 (SohrStter, 8tt3 W 63, (2nd pt ) 462), 
J 8 618 (Baumhauer, Ar N S, 1) SO 
graphite 2 11 to 2 26 (Eenngott, Brodie, Mdne , 
Sitz W 13, 469 , A 114, 7 , C 64, 104) 
S Q amorphous charcoal 1 45 to 17 {v Vio 
lette, A Ch [3] 39, 291) S G hard gas coke 
2 356 (Marchand a Meyer) S H about 6 at 
1000° (i3 infra) 0 E (diamond, linear at 40°) 
00000118, (diamond, cub at 49°) 00000354, 
(graphitdf hnear at 40°) 00000786 , (Fizeau, 
C li 62,1133,68,1125) /la = 2 46, /u^ = 2 479, 
for diamctad (Schrauf, P 112, 588) E C gra 
phite, 082 (Hg at 0° = 1) [varies much for dif 
ferent specimens] (Muraoka, W 13, 307) E C 
hard gas coke, 01 (Hg at 0° = 1) (Muraoka, Z c ) 
Crystalline form , diamond, regular octahedra 
and^forms derived therefrom , graphite, hexago 
nal forms chiefly rhorabohedral (Kenngott, Sitz 
W 13, 160) , Nordenskiold (P 96, 100) observed 
monoclinic crystf^s in graphite from Finland 
HC [C,0 ] = 96,960 for amorphous C (Th 1, 
411), 90,350 for diamond, and 93, oGO for graphite 
(Favre a Silbermann, A Ch [3] 33, 414) 
Emission spectrum observed by passing sparks 
through pure CO or CO is characterised by a 
double line 6583 and 6577 5, three sharp lines 
6150 5, 5144 2, 5133, and a band 4266 (Ingstrom 
a Thal5n, Nov Act Ups 9 [1875]) Besides 
these, and many other less marked, lines, 
Jjiveing a Dewar describe the arc spectrum 
as showing the following marked lines, 3919 3, 
2837 2, 2836 3, 2511 9, 2500 9, 2296 5 (Pr 30, 
152, 494 , 33, 403 , 34, 123, 418) A very dif 
ferent spectrum— the band spectrum — is ob 
served at the base of a candle or gas flame, also 
in cyanogen burnt in 0, or by passing sparks 
through CN, CO at increased pressure, CS^, &c , 
the most characteristic bands are 5633, 5164, 
and 4736 There has been much discussion as 
to whefher this spectrum is that of C or of a 
hydrocarbon {v B A 1880 2G4) Three allo- 
tropic forms of carbon are known , diamond, 
giaphite, and amorphous carbon 

The diamond was regarded by Newton as a 
combustible bpdy because of its high refractive 
power , in 1694 diamond was burnt by the 
Florentine Academicians , Lavoisier found that 
CO2 IS produced when diamond is burnt, and 
Davy showed that diamond is pure carbon 
Lavoisier, about 1780 recognised that carbonic 
acid (then called fixed air) was a compound of 
O and the element which is the essential element 
of coal , to this element he gave the name car 
hone Graphite was long considered to be a 
kind of lead , Scheele, in 1799, showed it to be 
closely related to coal , he regarded it as a com 
pound of iron and carbon, but Kastner proved 
that the iron found in graphite was only an 
impurity, and that pure graphite is a form of 
carbon 

Occurrence — Carbon occurs as diamond and 
graphite, the former is pure, the latter some 
times approximately pure, carbon , many com 
|)Ound8 of C occur in nature , the chief are CO, 
in the air and all waters, mineral carbonates e g 
of Ca and Mg, and compounds with H, O, N, and 
sometimes P and S, in all animal and vegetable 
organisms Diamonds are found in India, 
Borneo, Brazil, the Gape, &o , graphite, m 
Cumberland, California, Siberia, (fro. Berthelot 


{O R 73, 494) found graphite in a meteorite 
which fell near Melbourne (Australia), and 
Fletcher found a cubic form of graphite m a 
meteorite from Western Australia {Mineralog 
Mag , Jan 1887) Graphite is found both amor 
phous and foliated Coal, anthracite, peat, <fcc , 
contain from 50 to 95 p c of carbon 

Formation — Many attempts have been made 
to form diamond , none has been certainly sue 
cessful (u Liebig, Agriculturchemie [1840] 285 , 
Wilson, J 1850 697 , Favre, J 1856 828 [from 
COIJ , Despretz, C R 37, 369 [electric current 
for a month from Pt to C pole] , Simmler, P 
lOo, 466 [crystallisation from liquid COJ , Lion 
net, G R 63, 213 [from CSJ , Chancourtois, 
C C 1866 1037 [oxidation of hydrocarbon] , 
Rossi, C R 63, 408 , Hannay, Pr 30, 188 a 
450 [action of Mg, and Li, on gaseous hydrocar 
bons mixed with N containing compounds at 
very high temperatures and pressures] , Mars 
den, Pr E 11, 20 [by dissolving amorphous C 
m molten Ag]) Graphite is formed —1 By 
heating charcoal with molten iron, and dissolv 
mg out the Fe by HCl and HNOgAq — 2 By 
the slow decomposition of HCNAq, and boiling 
the product with HNO,Aq (Wagner, J C T 
1869 230) — 3 B} evaporating the mother 

liquors obtained m making soda , these con 
tain CN compounds which are decomposed 
at a certain concentration of the liquid with 
formation of NH, and graphite (Pauli, D P J 
161, 129 , Schaffner, W J 1860 250) —4 By 
leading CO over Fe^O, at 300°-400° (Giuner, 
C R 73, 28 , Stingl, D 6, 392) Amorphous 0 
IS also formed (Berthelot, C R 73, 494) — 5 By 
the decomposition of CS^ at high temperatures 
6 By leading CCI4 over molten pig iron (Deville, 
A Ch [3] 49, 72) Amorphous carbon is formed 
in many ways — 1 By heating wood, coal, or 
almost any animal or vegetable matter, out of 
contact with air, to a high temperature — 2 By 
the incomplete combustion of wax, tallow, oil, or 
other combustible compounds of G and H — 3 
By decomposing, at a very high temperature and 
out of contact with air, the gaseous C compounds 
obtained in the production of gas from coal the 
carbon thu^ obtained is very hard {v Proper- 
ties) 

Preparation — Pure graphite is obtained by 
intimately mixing 14 parts of finely powdered 
foliated graphite with 1 part KCIO, and 2 parts 
cone H2SO4, heating on the water bath so long 
as Cl comes off, washing repeatedly with hot 
water, drying and heating to remove H2SO4 if 
the graphite contains silica it is treated with 
NaF and H.2SO4, besides tieatment with KCIO, 
and H2SO4 (Brodie, T 1860 1 , v also Wmokler, 
J pr 98, 243 , Stingl, B 6, 391) 

Amorphous carbon is prepared approximately 
pure by strongly heating cane sugar m a closed 
Pt crucible, boiling the charcoal thus produced 
with (1) cone. HClAq, (2) KOHAq, (3) water, 
drying, heating to full redness in a stream of 
dry Cl and allowing to cool in the same , H is 
removed as HCl, O as CO, also traces of SiO^, 
FejO,, (fre as S1CI4, Fe^Cl,, Al^Cl,, <fro The 
soot from semi burnt turpentine oil, after treat- 
ment with ether, and heating to a high 
temperature m a closed vessel, is approximately 
pure carbon It seems to be impossible to obtain 
finely divided amorphous 0 quite free from gases 
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such as H, 0, or Cl , even when purified as de- C, H, and 0 is formed, called by Brodie graphUi^ 
scribed it retains traces of Cl, this may be acid (probably OuH.Oj), this body is not ob- 
removed by strongly heating in connection with tamed from diamond or amorphous carbon (t>. 
a Sprengel pump, but on exposure to the air BeacttcmSt No 9) 

considerable quantities of O, C0„ Ac are The gn^aphite-like form of coke which is 
quickly absorbed The absorbed gases cannot formed m the upper parts of the retorts in which 
1^ removed by heating at ordmary pressures , coal is heated for gas making, or is obtained by 
Erdmann a Marchand {J pr 23, 169) found passing hydrocarbon vapours through red hot 
2 p c H and 5 p c O m sugar-charcoal which porcelain or iron tubes, is an extremely hard, 
had been heated nearly to whiteness for 3 hours metal like, lustrous, sonorous soli ’ , S G 
According to Porcher (C N 44, 203) amorphous (2 356) nearly same as that of graphite , it is 
C free from H, 0, and N is obtained by passing a good conductor of electricity and a fair con- 
CCI4 vapour over hot pure Na in a hard glass ductor of heat , bums with difficulty, it contains 
tube, and then heating the C obtained to a no H, and leaves only from 2 to 8 p 0 ash 
little under the temperature at which burning (Marchand a Meyer) 

begins A very hard kind of amorphous carbon Amorphous carbon (sugar charcoal , lamp- 
is formed by placing wood (dox, ash, elder, lilac, black) is a dense, black, powder , it is ex- 
or oak), or flax, hemp, cotton, paper, or silk, in tremely slowly acted on by any reagents, c^en 
a porcelam tube, driving out all air by CS^ energetic oxidisers , non conductor of electricity 
vapour and then gradually heating to redness The harder forms of amorphous carbon, obtained 
for an hour (Sidot, C B 70, 605) The harder by calcining hard woods at High temperatures 
the wood and the higher the temperature to out of contact with air, 8s')mewhat resemble 
which it 18 heated, the harder and denser is the graphite in appearance, they are more or less 
carbon produced Various matenals consisting lustrous, conduct electncity fairly well, and 
mainly of carbon are prepared for industrial bum slowly when heated in air or O Ordinary 
use , charcoal, by partially burning piles of amorphous C, or ordinary wood charcoal, ab 
wood covered with turf or earth, or by the dry sorbs large volumes of gases Saussure {Q A 
distillation of wood , coke, by heating coal in 47, 113) gives the following volumes absorbed 
iron retorts arranged so that the liquid and by 1 vol box charcoal at 12° and 724 mm 
gaseous products may be separated from the NH, 90, HCl 85, SOj 65, NjO 40, 

residual carbonaceous matter , lamp black, by COj 35, CO 9 4, 35, 0 9 2, N 7 6, H 1 76 

partially burning tallow, turpentine, Ac , and Hunter (P M [4] 29, 116 , C / [2] 8, 285 , 
condensing the soot on cold surfaces, animal 6, 160, 6, 186, 8, 78, 9, 76, 10, 649) gives 
char (which however contains only about 10-20 these numbers for 1 volume cocoa nut charcoal 
p o, C) by heating bones m closed vessels at 0° and 760 mm NH, 1717, CN 107 6, 

Prop^ies — Unchanged by action of acids, NO 80 3, CH,Cl 76 4, (CH,)0 76 2, 0^, 74 7, 
has not been melted or vaporised NjO 70 5, PH, 69 1, CO^ 67 7, CO 21 2, O 17 9 

Diamond is a colourless, transparent, very Acoordmg to Angus Smith (Pr 28, 822) absorp- 
refractive and dispersive, crystalline, Bohd, some tion of gases by charcoal takes place in definite 
diamonds are coloured yellow, brown, blue, or volumes, thus if the vol of H absorbed- under 
black Diamond is the hardest substance known, definite conditions is 1, the vol of 0-8, CO - 6, 
but rather brittle very bad conductor of electncity CO, «» 22, N=»4 66 Chemical reaction some- 
and heat. C E small, especially at low tern times occurs between gases absorbed by char 
peratures, at --42°'»0 Unchanged by heating coal, thus, HCl is produced by leading H over 
out of contact with air to 1300°-14(X)° , but charcoal which has absorbed Cl, and 80,C1, by 
placed between the carbon poles of a powerful leading SO^ over charcoal under foe same con- 
battery it glows bnlliantly, swells up, splits, ditions The absorbed gases are removed %n 
and after cooling the surface resembles coke vacuo Recently heated porous wood char- 
from bituminous coal {comp Rose, P 168, 497 , coal removes many colounng matters, e g 
V Schrdtter, Sitz W [2j 63, 462 Morren, indigo, from solutions , it also removes fusel oil 
C B 70,990, Jacquelain, A 64,250 Gassiot, from weak alcohol, alkaloids from aqueous 
Ph, C 1860 893, Baumhauer, Ar N 8, 1) solutions, many metallic salts from solutions. 
Unchanged when heated to whiteness in water Ac , in some cases chemical change is pro- 
vanour (Baumhauer, Ic ) Strongly heated m a duced, e g CuSO^Aq and AgNO^Aq are reduced 
stream of O, diamond is completely burnt to with pps of Cu and Ag (Monde, J pr 67, 
CO2 , it may also be burnt by heating with 256 , v also Graham a. Hofmann, A 88, 89 , 
molten KNO,, or, very slowly, by powdering Graham, P 19,189, Weppen, A 66, 241, 69, 
finely and heating with KjCr^O,, HjS04, and a 864 , Favre, A Ch [6] 1, 209 , Outhe a HArms, 
little H,0 (Rogers, J pr 50, 411) Ar Ph 69, 121 , Btenhouse, A 90, 186) 

Ghraphito occurs native both crystalline Specific heat of carbon — The follow* 
(foliated) and amorphous , it forms a grey, mg numbers summarise the chief determmationt 
metal like, hard, opaque, solid fair conductor exclusive of those of Weber the temperature* 
of electricity tspecially after purification by mterval is about 85°-65° — 

KClOj, Ac (r supra) , fair conductor of heat , Diamond 148 Bettendorff a. Wiillner (P, 
is not changed by heating out of contact with 188, 298) , 147 Regnault {A Ch, [8] 1, 202) , 
air, bums m O to CO, at a high temperature, 366 [20®-1,000°] Dewar (P M [4]il, 461) 
but more slowly than diamond , burnt to CX)^ Gas carbon 166 Kopp {A 126, 862 , 
mor« easily than diamond, by molten KNO„ or Supplbd 8, 1 a. 289) , 186 B a W {he ) , 197 
by and H^SO^Aq , also by heatm^ with R (Z c ) , 82 [20°-l,000°] D {lx ). 

vanons metallic oxides When graphite is OraphUe 174 Eopp {Ix)^ 188 B. a.W4 

beated with KClOt and HN0«Aq a compound of (U ) } 301 B. (lx.}* 
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Wood charcoal 241 R {lx , ) 

In 1874 Weber made careful determinations 
of the S H of the different forms of carbon at 
different temperatures, he used (1) diamond, 
(2) native graphite, (8) porous wood charcoal in 
B slender filament strongly heated in dry Cl and 
sealed at once m a glass tube His chief results 
were as follows {v P M [4] 49, 161 a 276) — 

Diamond 

Temp -60^ +10° 86° 260° 606° 985° 
SH 0636 1128 1766 3026 4408 4629 

Oraphite 

Temp -60° +10° 61° 201° 250° 641° 978° 
BH 1138 1604 199 2966 826 4454 467 

Wood Charcoal 

Temp 0°-23° 0°-99° 0°-223° 

1653 JI1936 2385 

These numbers show that the S H increases as 
temp increases, bilt that the rate of this in- 
crease IB much smaller at high than at low 
temperatures From 600° onwards the S H of 
diamond is the same as that of graphite , as 
the values for wood charcoal are nearly the same 
as those for graphite for the same temperature 
intervals, the conclusions may fairly be drawn 
that at temperatures above 600° the different 
forms of carbon have all the same S H , and that 
at lower temperatures there are two values for 
t>>e S H , one belonging to graphite and amor 
phous C, the other to diamond 

Allotropy of carbon Carbon exhibits 
allotropic changes in a marked way , diamond 
may be superficially at any rate, changed to 
giaphite , amorphous C may also be changed to 
graphite , each of the three varieties is charac 
tensed bv special properties The S G of each 
IS characteristic The heats of combustion {v 
supra) are different The S H s are not the 
same , b6t Weber’s results tend to show that, 
as regards S H , there is but one form of C ex 
istingat temperatures above 600° Amorphous 
C remained unchanged when subjected to a 
pressure of 6,000-7,000 atmos (Spring, A Ch 
[5] 22, 170) Tiie three forms are clearly dis 
tinguished, chemically, by their reactions with 
KCIO, and HNO, {v Reactions, No 9) 

A tomic weight —Determined (1) by burn 
ing diamond in O and weighing the CO^ produced 
(Dumas a Stas, A Ch [3] 1, 6 , Erdmann a 
Marchand, J pr 23, 159 , Roscoe, A Ch [5] 
26, 136, briedel,BZ [2] 41, 100), (2) by heating 
silver acetate and weighing the Ag (Marignac, 
A 69, 287) , (3) by heating Ag salts (oxalate and 
acetate) and weighing the Ag and CO, formed 
(Maumen6, A Ch [3] 18, 41) The mean of 
all the (closely agreeing) results is 11 97 
(0-16 96) 

Chemical properties —The atom of 
C 18 tetravalent in gaseous molecules (CH^, CCl^, 
CBr<, &c ) The atomicity of the molecule of 
C 18 unknown, as the element has not been gasi 
fied , certam considerations, e g the increase 
in S H BB temperature increases, and perhaps 
the character of the spectrum, seem to indicate 
that the molecule of 0 is probably composed of 
■everal atoms 

Carbon is distinctly a non-metalhc element » 
It does not replace the H of acids to form salts , 
It lomii liable, but easily gasified, compounds 


With the halogens i its oxides, and also tbs 
sulphide CS,, are distmctly acidic in their le 
actions , it esdiibits allotropy m a most decided 
way , the spectrum of C is very complex , yet in 
some of the physical properties of graphite and 
dense amorphous carbon, this element approaches 
the metals {v supra) Carbon stands at the 
beginning of Group IV m the periodic classifica 
tion of the elements , the other members of this 
group, except 8i, are more metallic than non 
metallic , C shows closer relations to Si, the first 
odd senes member of the group, than to any 
other element m the group {v Carbon group of 
elements) Both elements are remarkable for 
the great number of compounds which they 
form with H, O, and N Most of the elements 
of Group IV , except C, form characteristic com 
pounds with F, or double compounds with F and 
other elements 

Reactions — 1 Unchanged by action of acids 
2 Heat, in absence of air, produces no change 
{comp Properties of Diamond) — 3 When 
strongly heated in excess of oxygen, CO, is 
formed the combination is much retarded if 
the C and 0 are carefully dried (Baker, C J 
47, 349) — 4 Heated with sulphuric acid and 
potassium dichromate C is slowly burnt to CO, 

5 Oxidised to CO, by heating with molten 
nitrate or chlorate of potassium — 6 Reacts with 
sulphur vapour at high temperatures to form 
CS, —7 Combines with hydrogen to form C,H, , 
by passing electric sparks between C poles m 
atmosphere of H — 8 Combines indirectly with 
nitrogen to form cyanogen — 9 Graphite is oxi 
dised by potassium chlorate and nitric acid to 
graphitic acid (?C,,H405 or C,,H^Oh) Brodie 
{T 1859 249) heated an intimate mixture of 1 
part purified and very finely divided graphite and 

6 parts L.CIO3, with enough very cone HNOgAq 
to bring all into solution, at 60° for 3-4 days, 
until yellow vapour ceased to come off , the 
contents of the retort were then poured into 
much water, the insoluble matter was tho- 
roughly washed by decantation, dried on a 
water bath, and again oxidised by KCiO, and 
HNOsAq, as before These operations were 
repeated (usually 4 times) until no further 
change was ^produced, and the msoluble 
matter formed a clear yellow solid Analysis of 
this yellow solid, dried at 100°, gave the formula 
CjiH^Oj This body— called graphitic acid by 
Brodie — forms small, transparent, lustrous, 
yellow plates, it is slightly soluble m water, 
insoluble in water containing acids or salts, 
turns blue litmus slightly red, shaken with 
solutions of alkaline bases it appears to form 
insoluble salts, but the composition of these la 
very uncertain , when heated it bums explo- 
sively, leaving a fine, black residue , it is easily 
decomposed by reducing agents such as(NHJHS, 
SnCL, HIAq, &c (u infra) Brodie supposed 
this body to be a compound of a hypothetical 
element which he called graphon, and to which 
he gave the atomic weight 83 , he formulated 
giaphitic acid as Gr,H404, and regarded it aa 
the carbon analogue of a sihcic acid 
obtained by W6hler from graphitoidal silicon. 
Gottschalk {J pr 96,821) placed a very intimate 
mixture of 1 part (60 grms ) purified, very finely 
divided graphite with 3 parts ECIO, m a large 
fii^sk surrounded by ice-cold water, and very 
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ilowly added enotigh HNO^q, & G 1 525, to 
completely moisten the whole , he then digested 
at 60® to b0°. and then at 60® to 70°, for 26-80 
hours , he poured off the greater part of the 
acid and dissolved KNO,, washed with hot water 
by decantation, dried tn vactio and then at 100° , 
he repeated this treatment 6 or 6 times , finally 
he washed the residue with HNO,Aq SGI 28, 
removed the acid by pressing between paper and 
then by washing with alcohol, washed with ether 
to remove alcohol, pressed again, and dried on 
the water bath in the dark Gottschalk’s 
analyses lead to the formula C,,H,Oa for 
graphitic acid , he describes a salt, C„H,<,K20,g, 
obtained by treating with cone KQHAq and 
washing with cold water 

The action of KClOg and HNO, on graphite 
has also been investigated by Stingl {B 6, 691), 
and by Berthelot (A Ch [4] 19, 699) Berthelot 
calls the compound produced as described 
graphitic oxide, he says it does not react as an 
acid , he calls the carbon like mass left on 
heating graphitic oxide pyrographitic oxide , 
the body is completely dissolved by heating with 
KClOg and HNO, The porous, amorphous, 
insoluble body obtained by heating 1 part 
graphitic oxide with 20 parts HIAq— S G 2 0 
to 280°, Berthelot calls hydrographitic oxide , 
this body is not explosively decomposed bv 
heating, treated with KClOg and HNOj, it yields 
graphitic oxide There appear to be differences 
between the graphitic acids obtained from 
different kinds of graphite Berthelot distin 
guishes the three allotropic forms of carbon by 
their reactions with KCIO, and cone HNO,, 
amorphous carbon is oxidised to brown humus 
like bodies, which dissolve in water, graphite 
forms graphitic acid , diamond is unchanged — 
10 Both graphite and amorphous carbon are 
said to yield mellitic acid C^{C02H), by the 
action of KjMnjO, m KOHAq (Schulze, B 4, 
802) —11 Carbon combines with many metals 
when strongly heated with them, e g with Fe, 
Ni, Co, Ac , none of these carbides has been 
isolated as a pure compound {v Carbides) 

Carbon, halogen compounds of Carbon 
does not combine directly with the halogens 
These compounds are represented uy the formul® 
CX,, CxX,, and C^X^, where X *= Br or Cl , when 
X*»I only CX4 is known no fluoride of C has 
been isolated The chlorides have been gasified 
and V D of each determined, the formulsB are 
therefore molecular The bromides decompose, 
partially or wholly, when heated the formulas 
are probably molecular The iodide is easily 
separated by heat into C and I The methods 
of preparation, and reactions, of the chlorides 
and bromides are very similar [C,C1'] = 21,030, 
[C ,CF] - ~ 1,160 (at const press Thomsen) 
Besides these compounds, several bromochlorides 
of carbon exist , CBrCl, , two isomenc C2Br2Cl4, 
CjBr.Cl,, OjBrgCl, Cj^rjCl,, C^BrjCl [For more 
details of the halogen compounds of carbon v 
the halogen derwa^wes of Ethane, Ethylene, 
and Methane ] 

Caebon bromides Carbon dtbromtde 

S Pr 4 ^eirabromethylene) White crystals , 
JP 68° , produced by heatmg C^Br,, or better, 
by reduomg C^Br, with Zn and ^7 

reacting with Br on alcohol or ether, adding 
£OHAq to remove HBr, and distillmg , or by 


treating CJEIBr, Br, with alcoholic KOH (Len- 
nox, G J 14, 209) Decomposed by hot Zn, 
Cu, Fe, ZnO, CuO, Ac , givmg metallic bromide 
and C or CO^ (Ldwig, A 3, 292) 

Carbon tribromide C^Br, {Hexahromide 
Tetrahromethylene dibromide) Hard, rectan- 
gular pnsms, easily soluble in CS^, insoluble in 
alcohol or ether , decomposed to C^r^ and Br, 
at 200° Produced by brominating C^HjBr^, 
and by heating C^HBr^, with Br end H^O to 
170°-180° (Reboul, A 124, 271) 

Carbon tetrabromide CBr^ {Tetra- 
bromo methane) White lustrous tables, SG 
3 42 , M P 91° BP 189 5° (at 760 mm ) with 
I partial decomposition Insol in water, very sol 
in alcohol, ether, or CHCl, Partially decom 
posed with liberation of Br, at 200° , with alco 
hoi at 100° gives HBr CHBr„ and CH,OHO, 
with alcoholic NH, at 100° gives CHBrj and a 
little guanidine Formed by the reaction between 
(1) Br, in presence of I or boBr,, and CHBr, or 
CS, or CBr,(N02) , (2) Br, in presence of I, and 
CHClg Best prepared by heating 1 part CSj 
with 11 parts I and 7 parts Br to 150°-lb0° for 
48 hours in a closed tube, shaking contents of 
tube with NaOHAq, distilling in steam, pressing 
between paper, and crystallising from alcohol 
(Bolas a Groves, C J [2] 8, 161 , 9, 773) 

Carbon Chlorides Carbon dichloride 
C2CI4 {Tetrachlorethyleiie) Colourless liquid, 
ethereal odour , S G at 10° 1 62 (R ), 1 612 (G } , 
8 G at 0° 1 6695 (B ) BP 122° (R ), 116 7° 
(G ), 121° (B ) V D 6 82 Easily combines 
with Cl m sunlight forming C^Clg Prepared by 
reducing CaCl*, C^Cl, is placed in a flask with 
water and Zn, HjSO^Aq is added from time to 
time, the flask being kept cold and frequently 
shaken , the CjCl4 is distilled over in steam, 
dried, and fractionated (Faraday, T 1821 47 , 
Regnault, A Ch 71, 377 , Geuther, A 107, 
212 , Bourgoin, Bl 23, 344) 

Carbon trichloride C^Clg {Tetra- 
chlorethylene dichlonde Carbon hexachloride) 
Hard, colourless, rhombic prisms , S G 2 0 
M P 187° and B P the same (Stadel a Hahn, 
B 9, 1735) VD 8 16 Insol Sn H^O, sol in 
alcohol or ether Easily reduced, eg by Zn and 
H^SO^Aq, or by alcoholic KHS, to CjCl4 , with 
KOHAq at 200° gives KCl, Hp, and KjC^O^ 
Prepared by leading Cl into boiling C^H4Cla till 
saturated, cooling by ice, pressing between 
paper, dissohmg in alcohol, ppg by HjO, press- 
ing, and crystallising from alcohol (Faraday, T 
1821 47 , Regnault, A Ch 69, 166 , 71, 371 , 
Liebig, A 1, 219, Geuther, A 60, 247, Ber- 
thelot, ^ 109,118) 

Carbon tetrachloride CCI4 {Tetra- 
chloro methane) Colourless hquid, with ethereal 
odour, 8G g 1 63196, BP 76 74° (Thorpe, 
C J 37, 199) V D 6 24 Prepared by leading 
dry Cl into boihng CHCl, ccntainmg a little 
8bCl, or ICl, in a large flask with inverted con- 
denser, removing excess of Cl by shaking with 
Hg, and fractionating Also by passing CS, 
and Cl through a hot porcelain tube (Kolbe, A 
46, 41 , 64, 146) Unchanged by KOELAq , with 
alcoholic KOH slowly gives KCl, K,CO„ and 
H,0 , passed through a hot tube gives OjCL, 
C^Cl,, and C , heated with SO, gives OOGl, and 
S4O4OI2} with gives FOCl| and 
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(Regnsmlt, A Oh 71. 377 , Dumas, A Ch 73, 
9o) 

CAnBON lODroa CI^ Dark red octahedra , 
S G !?“ 4 32 , sol in alcohol, ether, or CS De 
composed by heat to C and I , boded with H O 
or dilute HIAq gives CHI, Prepared by mixing 
equal vols CCl^ and CS with saturated solution 
of Al^a m CS , then diluting with out of 
contact with air The solution of Al^^, is pre 
paied by pla#ng the proper quantities of A1 (in 
small pieces) and I in a stoppered flask and 
adding 3 times the quantity of CS_j (Gustavson 
B 14, 1705) 

Carbon BROMOcnLORiDES Tnchlorobromc 
tiietJiane CCljBr, two tetrachlorodibromo ethanes 
C^Cl^Br^ , dichloroteirabronw ethane C^Cl2Br4 , 
chloropentabromo ethane C^ClBrj , dichlorodi 
hronw (fthylenc C2Cl2Br2, c^lorotribromo ethylene 
C^ClBr, (v these compounds under Methane, 
Ethane, and Ethylene) 

Carbon, hydrate (?) By treating pig iron 
with (1) CuSO,Aq, (2) Se^Cl^Aq containing HCl, 
a brownish black substance remains, contain 
mg, according to Schutzenberger a Bourgeois 
(C R 80, 911) carbon and water in the ratio 
lie Besides the C and H O, the sub 

stance gives about 10 p c ash It loses dH^O 
at 250^ 

Carbon nitnde « Cyanogen {q v ) 

Carbon, oxiddi of Two oxides certainly 
exiilt, CO and COg, these formulte are molecular, 
each bears the relation of anhydride to an acid, 
CO 18 formic anhydride (the acid is H CO ), 
COj 18 carbonic anhydride (the acid is H CO,) 
(y infra) Both oxides can be obtained by 
direct combination of O with C , either can be 
produced from the other, by combining with O 
or with C, respectively Both are stable gases, 
CO 18 an energetic reducer , COg in a few cases 
acts as an*oxidi8er Brodie (Pi 21, 245) and 
Berthelot {Bl [2] 21, 102) have described 
bodies, produced by the induced electric dis 
charge on CO, as oxides of C Brodie noticed 
a gradual diminution in vol of the CO and the 
formation of a red brown film on the glass tube , 
the solid was soluble in water giving a markedly 
acid solution , its composition appeared to differ 
in different experiments , Brodie gives the for 
mules C4O, and C5O4 Berthelot got brown, 
iiraorphous, humus like bodies which dissolved 
in water with acid reactions, gave brown pps 
Y^ith AgNO^Aq, BaOAq, and Pb2N03Aq, at 
300°- 400^ CO and COg (equal vols ) were evolved, 
and another dark body remained, to which B 
gave the composition C^O, B also {A Ch [5] 
17, 142) states that by the action of electric 
spaiks on pure COj a gas was produced which 
reacted violently with Hg and oxidisable bodies 

Carbon monoxide CO {^Carbonic oxide , 
more properly, although rarely, car bonous oxide , 
formic anhydride ) Mol w 27 93 S G 9b73 
(air*»l) VD 14 (c — 186°) (Wroblewski, 
C R 98, 982) S H p 2346 S H v 16844 
(E Wiedemann, P 167, 1) C E 003667 (Beg 
nault) S (6°) 0287, (9°) 0269, (18 5°) 02 U5 
(Bunsen) B alcohol (2°) 20356, (13°) 
20416 , (16°) 20666 , (24°) 20452 

(Bunsen) a*o “ 1 000301 , Mk = 1 000350 , mo =» 
1 000891 (Croullebois, A Ch [4] 20, 136) 
[CO, Oj « (>7,960 at const press, and 67,670 at 
const vol , [C,0] « 29,000, and 29,290, respec- 

VOL I. 


tivoly (Thomsen) Does not exactly obey Boyle’a 
law, £1-- 100293 (Regnault, Acad 1862 26, 

PiV, 

229) Liquefied by cooling to — 136° at pressure 
of 200-300 atmos and then decreasing pressure, 
not too quickly, to not less than 60 atmes (Wro- 
blewski a Olszewski, A Ch [6] 1, 112 , v also 
Natterer, W A B 12^ 199 , and CJailletet, C R 
85, 1213 a 1217, and A Ch [5] 16, 132) First 
obtained in 1776, by Lasonne, by heating C with 
ZnO , obtained by Priestly, in 1796, by heating 
charcoal with iron oxide, but supposed by him 
to be H, proved by Cruickshank not to be a 
I hydrocarbon , true composition deterramed by 
j Clement and Desormes 

1 Occurrence — In the gases from burning coal 
or charcoal , from the partial combustion or 
putrefaction of organic matter, or from the 
reduction of metallic oxides by charcoal, eg in 
the blast furnace (Bareswil, J Ph [3] 25, 172 , 
Bunsen, P 46, 193 , 50, 81) During the oxida 
tion of gallic and tanmc acids by exposure to air 
in alkaline solutions (Boussmgault, A Ch [3] 
66, 295 , Calvert, C R 51, 87S) In pig iron 
and steel according to Troost a Hautefeuille, also 
Parrv {J 1873 997, 1874 1083) 

[ hortnation — 1 By passing steam over excess 

of red hot C , the product may contain about 
28V pc CO, 56| pc H, 14| pc CO, and 
traces of CH^ {v Naumann a Pistor, B 18, 164) 

2 By passing a slow current of CO^ over red hot 
C, and washing the gases through KOHAq and 
soda lime — 3 By heating CO2 with those me 
tallic oxides which do not readily part with O, 
e g ZnO PbO, he 0,, oxides which readily give 
up O yield but little CO, as it is again oxidised 
to CO2 — 4 By passing CO^ over red hot Cu, or 
over hot Zn dust (Noack, B 16, 7o) —6 By 
heating COj to 1300° (Deville C R 59, 873) — 
6 By electric sparks through CO2 (Buff a jHof 
mann, A 113, 140) — 7 By heating powdered 
CaCO, or K2CO3 with one sixth its weight of 
powdered charcoal , Na SO^ heated with C also 
yields CO (with Na^S) — 8 In very small quanti 
ties (\Mth COS) by passing CO^ and S vapour 
through a red l^t tube (Berthelot, A Ch [6] 
30, 647) — 9 By heating dry H C O^, or by 
reaction between H C2O4 or an oxalate and hot 
cone H2SO4 — 10 By heating H CO^H, or a 
formate, with cone H2SO4 

Preparation — 1 One pt dry powdered 
K4Fe(CN), is heated, in a capacious vessel, with 
8-10 pts cone H2SO4 , as soon as frothing 
begins the lamp is lowered to a small flame, 
the gas 18 passed through nulk of lime and 
KOHAq, to remove COj and the SO2 formed in 
the process , SOj is evolved only in the earher 
stages of the reaction (Gnmm a Ramdohr, A 
98, 127) 15 g K4Fe(CN)8 yield about 4 litres CO 
K4Fe(CN)„ + 6H2SO4 + 6H2O 
= 6CO + 2K28O4 + 3(NH ,)2S04 + FeS04 (Fownes). 

2 Dry CaC204, or BaC204, is mixed with about 
-X pt dry Ca02H2, and the mixture is strongly 
heated in a hard glass flask , the gas is passed 
through milk of hme, and is then dried — 
CaC204 gives CaCOj + CO , the CaH^Oj absorbs 
any CO^ formed — 3 According to Chemer 
(C R 69, 138) pure CO may be prepared by 
passing the gases produced by heating 

with H^SO^ through a red hot tube filled vdth 
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charcoal, and then through a mixture of CaOAq 
and KOHAq 

Properties —A colourless, tasteless, slightly 
odorous gas , hquefied at low temperature and 
gieat pressure {v supra) CO is combustible 
but a non supporter of combustion the tem 
perature of the flame of CO in air is about 
1400 (Valerius, J 1874 68) Absorbed by C, 
and by several metals, e K, Ag, Au , quickly 
absorbed by Cu^Clj in a little HClAq (v infra) , 
decomposed at very high temperature to C and 
CO^ , decomposed when moist by induction 
sparks , CO is an energetic reducer , it combines 
with moist KOH (or NaOH) to form K formate , 
combines directly with Cl and Br in sunlight 
CO IS extremely poisonous , it removes O from 
the blood and combines with the hftmoglobm 
CO may be detected in the blood by observing 
the absorption spectrum , this is almost identi 
cal with that of oxygenated blood, and ischarac 
tensed by two bands between D and E , on add 
ing a little ammonium sulphide these bands dis 
appear in the case of oxygenated blood, and the 
spectrum shows one band midway between D 
and E , if the blood contains CO the two bands 
remain unchanged for several days (Vogel, B 

11, 235 , Hoppe Seyler, Fr 3, 439) 

Reactions — 1 Electric sparks cause a partial 

decomposition to CO^ and C , if the CO^ is re- 
moved the change proceeds (Berthelot, A Ch 
[6] 30, 647) According to Berthelot {Bl [2] 
21. 102, A Ch [6] 17, 142) CO is decomposed 
by the induction discharge^ with production of 
CO^ And (?) C4O, and C3O4 {v , beginning of 
this art ) According to Buff a Hofmann (C J 

12, 282) the induction spark does not decompose 
dry pure CO Dixon (C J 49, 103) found that 
CO was decomposed (only about ^ p c of the 
total gas) by sparks from a Leyden jar — 2 Heated 
to about 1300^ CO is partially decomposed to C 
and CO^ (Deville, C E 69, 873) —3 A mixture 
of CO with oxygen is burnt to COj by applica- 
tion of a flame or electric sparks Dixon {T 
1884 617) has proved that if both gases are 
perfectly dry no chemical change occurs when a 
spark 18 passed, that a mere trace of steam 
renders the mixture explosive J that the oxida- 
tion of CO by 0 takes place very slowly if only 
a very small quantity of steam is present , and 
that as the quantity of steam is increased the 
rapidity of the explosion is increased also 
The steam acts as a carrier of O to the CO , it 
18 probably reduced, and the H is then again 
oxidised the reactions which occur are very 
probably these {v Dixon, C J 49, 94) 

J 2CO + 2H2O = 2CO, + 2H2 ) 
l2H2 + 02-2H,0 i 

Or (Armstrong, 0 J 49, 112) the changes may 
be represented by the formuhe, before explosion 
O HjO CO , after explosion OH^OCO Small 
quantities of gases other than H^O were tried 
(HjS, CA. H^COj, NH, HCl . SO,, CS», 

COjf, NjO, C^„ CCI4) , if the gas contained H, 
explosion occurred , if the gas did not contain 
H the mixture did not explode — 4 When a 
mixture of CO and steam is heated to about 
600®, a portion of the CO is oxidised to CO,, the 
amount of CO oxidised depends on the con 
ditions {v Dixon, C J 49, 94 references to 
other memoirs are given) , if the CO^ is removed 
it 18 formed the whols of the CO can be 


oxidised L Meyer’s experiments {B 19, 1099) 
however, seem to prove that a mixtuie of drj 
CO and O can be exploded if a very strong 
spark is used, and the temperature is thus madf 
very high The gases must be under consider 
able pressure , the more dilute the gaseous 
mixture the more difficult is it to explode it —6 
When sparks from an induction coil are r^sea 
through a mixture of CO and steam, CO,, fi 
little formic acid, and in some rases C, are 
formed (Dixon, C J 49, 94) —6 When to a 
mixture of dry CO with hydrogen, oxyaen in 
sufficient for complete combustion is added, ana 
the mixture is exploded by the spark, CO, and 
H^O are formed, the ratio of CO, to H^O 
depends on the shape of the vessel, and the 
pressure up to a certain limit , above this pressure 
— the * critical press"" re ’ — the ratio 00^ HoC 
IS independent of the shape of the vessel The 
larger the quantity of O used the lower is the 
critical pressure So long as the volume of H 
IS more than twice tha of the O the ratio ol 
CO X HjO CO^ X H, remains constant, providec 
no HjO can condense, and the pressure is above 
the critical pressure when the vol of H 11 
less than twice that of O the value of the ratic 
diminishes The presence of an inert gas, c g N 
increases the formation of CO, and dimmishet 
that of H^C^, hence it lowers ihe value of the 
ratio CO X H,0 CO, x H, This ratio is called bj 
Dixon the co efficient of affinity of the reaccior 
{v Dixon, T 1884 617 , C J 49, 94 , Horst 
mann, B 12, 64 , v also CnEMiCAii change) —7 
CO 18 oxidised to CO, (1) by bichrome and sul 
phuric acid (Ludvig, J 1872 248), (2) by palla 
dium charged with hydiogen, in presence oj 
oxygen and water, HjO, being also produced 
(Traube, B 16, 2325, 2854, 36, 123, Bemsen a 
Keiser, B 17, 83) , (3) by mixing with oxygen 
and passing over platinum black , (4) by nitro- 
gen dioxide [NOJ (Hasenbach, J pr [2] 4, 1) , 
(6) by heating with most metallic oxides , (6) bj 
heating with many oxysalts^ eg alkalme sul 
phates (sulphides produced) — 8 Many experi 
ments have been made to determine whether 
CO 18 oxidised by contact with moist oxygen in 
presence of slowly oxidising phosphorus , the 
balance of evidence seems to show that CO, ifl 
not produced (Bemsen (and others) Am S [3] 
11, 316, B 17, 83, Am 6, 163, Leeds, B 12, 
1836 , C N 4S, 25, Baumann, B 16, 2146 , 17, 
283) — 9 CO reacts with moist potash or soda to 
form alkali formate (Berthelot, A Ch [3] 61, 
463) , the reaction proceeds most quickly at 
190®-200°, and is best accomplished by leading 
moist CO over soda lime (FrShlich a (Jeuther, 
A 202, 317) — 10 With ferrous oxide at 
800®-400°, CO, and a little C are formed (Griiner, 
C B 73, 281) — 11 CO appears to react with 
certain metallic ^roxtdes to form carbonates, 
bnt, aocordmg to Wnght a Luff (C J 88, 640), 
CO, IS formed by partial reduction of the per 
oxide and reacts with the lower oxide to produce 
carbonate — 12 Many of the preceding reactions 
exhibit CO as a reducing agent , it also reduces 
PdCl,Aq to Pd — 18 When sodium or potassium 
%$ heated to redness %n CO, alkali carbonate and 
0 are formed 

Combinations — 1 With potassium at about 
80° to form the explosive compound KCO 
(Brodic, C. J [2] 12, 209)i v. Potassium.— 
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8 With chlorine or bromine in sunlight, to form 
COCI2, or OOBr, {v Carbon, oxyohiioridb, and 
OXYBHOMIDE, oif) — 8 With sulphwT to form COS 
(u Carbon, orr SULPHIDE of) — 4 Vf ith. platinic 
chloride to form C,08PtCl4 and CP PtCl, 
(Sohiitzenberger, A Ch [4] 21, 350) — 6 CO is 
absorbed by anhydrous HGN (Bdttinger, B 10, 
1122) , by several metals, e g Fe, Ag, Au , by 
carbon —6 CO does not combine with cyano 
gen, nor doHs it react with Hg(CN)2 

Estimation — CO m a gaseous mixture is 
absorbed by CujClj solution Thomas (C N 
37, 6) prepares the solution by filling a vessel 
of 120 0 c capacity ^ full of Cu turnings, 
adding 6 g crystallised CuClj and 20 c c cono 
HClAq, and shaking until solution of the CuClj 
IS effected , he then adds 80 c c water and 
shakes briskly for some»time, and then adds 
80 c 0 water 

Carbon dioxide ^Og {Carbonic anhydride^ 
often called carbonic acid ) Mol w 43 89 S G 
gas 1 53 , S G liquid *1 057 at -34° , 1 016 at 
-25°, 90b at -115°, 91 at -16°, 84 at 

+ 11°, 726 at +22 2° (Cailletet a Mathias, 
C R 102, 1202) S G solid (hammered) slightly 
under 1 2 (Landolt,B 17,309) [-65°] (Mitchell), 
[-57°J,(Faraday), [-78 2°] (Regnault, ^ Ch 
[3] 26, 257) V D 22 , 22 42 at 800° , 21 2 at 
1180° (Meyer Goldschmidt, B 15, 1165) 
SHv 33 (equal vol of air = l), 2169 (equal 
weight of air = l) (Regnault, C R 36, 676, &c , 

V also Wiedemann, P 157,24) f =129 

SHv 

to 1 305 (Amagat, RSntgen, C R 71, 336 , 77, 
1325) C E 0037 (Regnault, Magnus, Joly) 

^ = 1 00722 (Regnault, C R 20, 975) At 

200° COj obeys Boyle’s law (Amagat, C R 68, 
1170, 73,* 183) OE liquid CO, very large, 
120 vols at —20° become 150 vols at +30, 
(Thilorier, A Ch 60, 427) Cntical tempera 
ture=-30 9° (Andrews, T 1869 675) Vapour- 
pressure of hquid CO^ (Regnault) m atmosoheres 
-26°, 171, -6^,30 9, 0", 35 4, +6°, 40 5, 
15°, 62 2, 26°, 66, 35°, 82 2, 46°, 100 4 
Vapour pressure of sohd COj (Fai aday) in atmos 
-57°, 533, -70 5°, 22, -994°, 114 BP 
pf solid COj — t e temp at which vapour pressure 
= 760 mm — is much lower than the M P , 
Jlegnault (and Pouillet) found —78° to —79° 
{P 77, 107), Thilorier, -95° to - 98°, and 
1 araday, as shown by values for vapour pressure, 
under — 99° By evaporation of sohd COj mixed 
with ether, temp is o — 100° 


S COj gas (Bunsen, A 93, 1) 


At 0° 

1 7967 

At 11° 

1 1416 

1 

17207 

12 

1 1018 

2 

1 6481 

13 

1 0653 

8 

16787 

14 

10321 

4 

1 6126 

15 

1 0020 

5 

14497 

16 

0 9753 

6 

13901 

17 

0 9519 

7 

18339 

18 

0 9318 

8 

1 2809 

19 

0 9150 

9 

1 2311 

20 

0 9014 

10 

11847 




Absorption coefficient = 



17967- 0776U4 001642 4t* 


S COj gas in alcohol (Bunsen) 


At 8 2° 4 0442 
6 8 3 7374 
10 4 3 4875 


At 14 2° 8 2367 
18 3 0391 

22 6 2 8277 


Absorption coeflBcient=» 

4 32955- 09395^+ 001 24P 
Mo » 1000395, M, = 1 000456, Mo - 1 000496 
(Croullebois, A Ch [4] 20, 136 , v also Chap- 
puis a Riviere, C R 101,37) HFp [0,0']*- 
96,960 , [CO 0] = 67 960 H F v [C,0 ] - 
96,960 , [CO,0] = 67,670 [C,0 ,Aq] » 102,840 

[CO,0,Aq] = 78,840 [CO ,Aq] « 5,880 

[COAq,nNaOHAq] , ?t=l = ll,016, n«2- 

20,184, n = 4 -20,592 (Thomsen) 

Carbon dioxide has been known for cen- 
turies The identity of the gases produced 
during fermentation and by the action of acida 
on chalk was estabhshed by Black Bergmann 
recognised the same gas in the atmosphere 
Cavendish proved that the same gas was pro- 
duced by burning charcoal Lavoisier estab 
lished the composition of the gas Faraday 
liquefied, and Thilorier solidihed, carbon di- 
oxide 

Occurrence — In the atmosphere {v Atmo- 
sphere) , in mineral waters , issues from the 
earth m different places, sometimes found liquid 
in cavities in quartz, Ac Produced by the 
breathing of animals, by the decay of organic 
matter, by the combustion of coal, charcoal, &c 
In combination as carbonate, of calcium, magne- 
sium, Ac , Ac 

Formation — 1 By burning 0 m air or 0 — 
2 By oxidation of most C compounds — 3 By 
burning CO — 4 By reducing many metallic 
oxides by 0 — 5 By heating together H^O and 
CO — 6 By the reaction between red hot C and 
steam — 7 By the action of steam on CaCO, at 
red heat — 8 By heating a mixture of K^CrjO, 
with Na.^COj — 9 By heating several carbonates 
10 During fermentation — 11 By reaction bo^ 
tween acids and carbonates 

Preparation — CaCO, or MgCO, in lumps is 
treated with dilute HClAq at the ordinary tem- 
perature , the gas is passed through NaHCO,Aq 
(to remove HCr which may have passed over), 
and 18 then dried by CaClj Bunsen recom 
mends the use of finely powdered chalk and 
cone H SO4, and addition of a very little water 
Liquid carbon dioxide was obtained by 
Faraday by decomposing (NH4)2CO, by H2S04Aq 
in one limb of closed glass tube bent at an 
obtuse angle Thilorier {A Ch 60, 247) decom- 
poses NaHCO, by dilute H^SOAq m an iron 
vessel connected with an iron cylinder in which 
the CO2 18 liquefied by its own pressure Natterer 
{J pr 35, 169) compresses CO, by a specially 
constructed air pump {v also Gore, T 1861 63). 

Solid carbon dioidde is obtained by allow- 
ing the liquid to escape into a tin vessel , part 
of the liquid becomes gas and part is solidified 
Landolt allows the liquid to evaporate freely 
into conical woollen bags , he then compresses 
the solid COj in conical moulds of hard wood by 
wooden pistons {B 17,809) 

Properties — A hea\ y, colourless, gas , in- 
combustible , non supi ofoer of ordinary com- 
bustion, but strongly heated K or Na, or brightly 
burning Mg, burns in CO^ Absorbed by water, 
solution colours litmus wine red and reacts as 

ttS 
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a weak acid (v Carbonic acid) A))sorbed by 
nioiBt alkalis and alkaline earths forming oarbo 
nates , rapidly absorbed by mixtuie of powdered 
KOH and hydrated Na.^S04 Poisonous, by 
cutting off supply of 0 

Liquid carbon dioxide 13 a limpid, colourless, 
refractive, liquid , nonconductor of electricity , 
not changed by strong induction sparks , very 
expansible by heat , C E is greater than that of 
tlie gas Insol in water which swims on the 
surface, mixes with alcohol, ether, Ac, Does 
not dissolve S or P , dissolves I , no reaction 
with Na or K (Cailletet, C R 75, 1271) 

Solid carbon dioxide is a white, loose, snow 
like, solid , when compiessed by hammering m 
wooden moulds it resembles chalk (Landolt, B 
17, 309) Vexy bad conductor of heat Evapo 
rates slowly, a specimen prepared by Landolt 
53 mm by 71 mm diam took 6 hours to 
volatilise in the air Lurns, if pressed against 
the skin 

Reactions — 1 Heated toe 1300° in porcelain 
tube IS partly changed to CO and O (Deville, 
C R 50 729 , V also Bertheiot, C R 68, 
1035) — 2 Partly decomposed hy electric sparks ^ 
a condition of equilibrium is attained when 
change of CO^ into CO + O equals that of CO 
and O into CO, (Dixon a Lowe, C J 47, 571) — 
6 Mixed with hydrogen, and heated to bright 
redness or submitted to induction sparks, H O 
and CO are formed , if H 0 is removed the 
whole of the CO, goes to CO (Dixon, C J 49, 
94) According to Dubrunfaut (C R 74, 125) 
CO2 and H passed over hot pumice give C and 
H 0 — 4 A mixture of carbon dioxide and sul 
phur vapour passed through a red hot tube 
yield a little COS, CO, and SO, (Bertheiot, Bl 
[2] 40, 362) — 6 With sulphuretted hydiogen, 
jiassed through red hot tube, forms CO, HjO and 
fe (Kohler, B 11, 205) —6 Decomposed by chloro 
phyll parts of plants m sunshine — 7 Reduced 
to CO by heating with carbon, iron or einc, or 
with copper which has occluded hydrogen (Tis 
Bandier, C R 74, 531 , Schrotter, WARM, 
27) — 8 Partly reduced to CO by reaction with 
feiTous sulphate and a little water, in a closed 
tube (Horsford, B 6, 1390) —ST Reduced to C 
by heating strongly with sodium, potassium, or 
uiagnesium , alkali carbonates strongly heated 
with phosphorus or boron giveC02which is reduced 
to C (Tennant, Crellis A [1793] 1, 158 , Dragen- 
dorff, J 1861 111 , Leeds, B 12, 1834 a 2131) — 
10 With moist alkalis, or alkaline earths, forms 
carbonates — 11 With water probably forms a 
solution of carbonic acid, H^CO, [v Carbonic 
acid) — 12 Vfiih. sodium eor potassium amalgam 
at c 360° gives Na (or K) oxalate (Drechsel, A 
146, 141) — 13 With sodium COjAq reacts to 
give Na formate (Kolbe a Schmitt, A 119, 251) 
14 Decomposes moist potassium iodide at high 
temperature giving HI (Papasogli, O 1881 227) 

Carbon, ozybromide of The existence of 
a Br compound of CO analogous to COClj is 
doubtful A mixture of Br vapour with excess 
of CO is slowly, but not fully, decolourised in 
sunlight , in contact with KOHAq this gas pro 
duces KBr and K^CO^ (Schiel, A Suppl 2, 311) | 
Emmerhng a Lengyel could not obtain a trace 
of any compound of C, Br, and 0, by the re I 
action between COS and Br at a high tempera I 
ture (B 2, 547) By i^he reaction between | 


H SO, (50 parts), K^Cr^O^ (20 26 parts), and 
CHBr, (5-10 parts), Emmerling (B 13, 874) 
obtained a small quantity of a liquid, which he 
slowly distilled through Sb, to remove Br , he 
thus obtained a colourless heavy liquid, smell 
ing like COCI2 The B P rose from 12° to 
30° , analyses seemed to show that the liqui I 
was a mixture of COCI3 and C oxybromide 

Carbon oxychloride of COCl^^ {Carbonyl 
chloride Phosgene gas Chloro carbonic acid ) 
Mol w 98 67 (8 2° at 756 mm ) S G (liquid) 

1 432 , 1 392 (Emmerling a Lengyel, a. 

Suppl 7, 101) V D 60 b (E a L ) [C,0,C1^ - 

64,8o0 at constant volume , 56,140 at constant 
pressure (Thomsen) First prepared by J Daw 
in 1811 (T 1812 144) by the action of spnlight 
on Cl 4- CO (hence the 'name phosgene) 

Formation — 1 By leading CO into boiling 
SbCl (Hofmann, A 70, 13<^ , v also Butlerow 
Z 1863 484 , Kraut, Gm K I 2, 386), or over 
hot PbClj or AgCl (Gober, J pr b, 388) —2 By 
heating CCl, with ZnO at 200° in a closed tube , 
or by passing CCl, and CO through pumice in a 
tube heated to about 400° —3 By heating CHCI, 
(1 part), K^Cr O^ (2^ parts), and H SO, (10 
parts) at 100", and passing the gas ovo^ Sb to 
absorb Cl (E a L ) —4 By passing Cl and CO 
overPt black at about 400° (Soihutzenberger, BL 
[2] 10, 188 , 12, 198) —6 By passing Cl ^nd 
CO2 over hot C (Schiel, J pr 6, 388) (lor other 
methods v Schutzenberger, B 2, 218 , Dewar 
a Cranston, C N 22, 174 , Armstrong, B 3, 
730) 

Preparation — Dry Cl and dry CO are slowly 
passed through a succession of large bottles 
freely exposed to sunlight, then through a U 
tube loosely filled with pieces of Sb (to remove 
free Cl), and finally into a tube surrounded by 
snow and salt Each gas should pass through 
the drying bottles at as nearlv as may be the 
same rate 100 litres CO give 140-150 g COCI3 
in direct sunlight Paterno {O 6, 233) passes 
the mixed gases through a tube 400 mm long 
filled with animal charcoal combination occurs 
with production of heat , the tube must be 
cooled by a wet cloth from time to time (v also 
Wilm a Wischm, A 147, 150) 

Propertus — Colourless gas with penetrating 
odour , at 8° and under it is a colourless limpid 
liquid , the gas is soluble m acetic cwid, benzeno-, 
and several liquid hydrocarbons 

Reactions — 1 Water absorbs COCI2 with 
formation of COAq HClAq Bertheiot 
(C R 87,691)give8thevalue[COCP,Aq] = 64,600 

2 Alcohol forms chloi ocarhonic ether CO Cl OEt 
{q v) — 3 Several metals decompose COCl , 
when heated with it, to CO and metallic chloride , 
e g Sb, As, Na, Sn, Zn , potassium forms KCl, 
K2CO3, end C — 4 With slightly moi^i potassium 
carbonate, KOI, H^O, and COj are formed — 
6 Zinc oxide produces ZnClj and COj — 6 Com 
bines with 4 vole ammonia to form urea and 
NH^Cl (Natanson, A 98, 288, Fenton, C J 
86, 793) 

Carbon, oxyiulphide of COS {Carbonyl 
sulphide) Mol w 59 91 VD 30 4 [CO.S]- 
8,030 , [0,0, S] » 37,030 , [COS,0>] - 131,010 

(Thomsen) 

Occurrence —According to Thom (A Suppl 
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B, 236), in seyeral mineral waters, and in vol 
oanio gases 

Formation — 1 By passing CO and S vapour 
through a red hot porcelain tube (Thom) — 
2 By gently heating BO, with CB^ , SOj and S 
also produced (Armstrong, B 2, 712) — d By 
action of COj on boiling S , or by electric sparks 
on CO2 mixed with S vapour (Cossa, B 1, 117 , 
Chevner, G R 69, 136) —4 By leading alcohol 
and CS2 over red hot Cu (Carnelley, G J [2] 13, 
623) For^ther methods v Ladenburg, B 1, 
273, 2 30, o3, 271, Dewar a Cranston, C N 
20, 174, Salomon, J pr [2] 6, 476 

Preparation — By decomposing KCNS by 
H,SO,Aq , KCNS + H,0 + 2H,SO,Aq 

= COS + KHSO^Aq + NH, HSO^Aq KCNS is 
added to a cold mixture of 6 vols H^SO^ with 4 
vols as long as the whole remains liquid , 
if much gas comes off ^he vessel is cooled, if 
very little gas is evolved the vessel is warmed 
gently The gas m passed through three (J 
tubes, containing (1) ^cotton wool charged with 
moist HgO (to remove HCN and formic acid), 
(2) cuttings of unvulcanised caoutchouc (to re 
move CS ), (3) CaCl^ , the gas is then collected 
over Hg (Ihom) Bender (A 148, 137) recoin 
mends passing the gas through a tube surrounded 
by snow and salt, and Hofmann {B 2, 73) through 
wool moistened with PEt, , the object m either 
method being t<* remove CS^ 

- Properties — Colourless, heavy, gas, with a 
pleasant somewhat aromatic odour Colours 
moist blue litmus slightly reddish Absorbed 
by water , solution sometimes contains COj and 
H^S Very sol in alcohol 

Reactions —1 Bums in air to CO^ and SO^ 
2 At full red heat gives CSj and CO, (Berthelot, 
G R 87, 671) —3 With gives CO^Aq and 
H^SAq — 4 With potash solution gives K^SAq 
and l^COjAq, similar reactions with NH^Aq, 
CaOAq, ^nd BaOAq —5 Ammonia gas, or 
alcoholic NHg, gives CO NH^ SNH^ (v Berthelot, 
A Gh [5] 30, 639) — 6 bolutions of salts of 
copper, cadmium, lead, or silver give no pps , 
but on adding NHjAq the sulphides of the 
metals are ppd^7 The gas is decomposed by 
hot mercury, copper, silver, and iron, giving 
sulphides , by hot sodium, giving NajS, Na^CO,, 
and C 

Carbon, telenide Carbon and selenion do 
not combine directly No definite compounds 
have been isolated Eathke obtained a liquid 
which probably contained about 2 p c of a 
selenide of carbon (along with COIJ, by heating 
selenide of phosphorus with moist CC1< {v A 
162, 181) 

Carbon, sulphides of Carbon disulphide, 
CS^, 18 a well marked compound A mono 
sulphide, CS, probably exists According to 
L5w a sesquisulphide, C^S,, can be obtained 
by the action of Na amalgam on CS^ {Z 
9, 178 , 10, 20) When sodium and CS^ react 
a red brown sohd is obtained which according 
to Baub has the composition C^S, (C C 
1870 679) 

Cabbon monobulphidb CS Mol w un- 
known S G 1 66 CSj{ was exposed to sun- 
light for 2 months in a U tube of special 
oonstruotion , the solid which had formed on 
the walls of the tube was removed by water, 
washed with G9p and dried in H (Srdot, 0 R 


69, 1303 , 74, 180 , 81, 82) OS is a red powder , 
insol in water, alcohol, turpentine, and benzene 
Somewhat soluble in CS^ or ether Dissolved 
by HNOyAq, not by HClAq or H^SO^Aq At 
200° gives G and S Heated with S gives CS 
CS IS not produced by leading CSj over hot 
carbon or pumice, by heating Sb^j with C, by 
reaction between CO and HjSj, by reaction 
between CO and H S, by reaction between 
CH, and bOj or S^Cl^, by heating (CN),S, 
by heating Fe spiral in CS^, by electric sparks 
through CS^, or by reaction between CSCl^ and 
hot Cu 

References — Baudrimont, G jB 44, 100 , 
Berthelot, J 1859 83 , Playfair, G J 13, 248 , 
Buff a Hofmann, A 113, 129 , Hermann, J pr 
79, 448 , Husemann, A 117, 229 , Kern, G N 
33, 253 , Eathke, A 167, 195 

Cajibon disulphide CSj (Thiocarhonic 
anhydride Sidphocai bonic acid) Mol w 
76 93 [c - 12^^] (Wartha, B 3, 80) (46 04° at 
760 mm ) (Thorpe, G J 37, 362 , references in 
this paper to other determinations) b G 5° 
1 29215 (T ) V D 38 b H (liquid, 14°-29°) 
2468 (Schuller, P Ergzbd 5,116, v also Him, 
A Gh [4] 10, 63 and 91) S H p (equal mass 
of air 1=1) 1669, (equal vol of air = l) 413 
(Eegnault) C E u Thorpe (Z c ) [C, S^] const 
press *=--26,010, const vol =» —25,430, liquid 
= -19,610, [CSS 0] = 205,130 (Thomsen) 
For table of vapour pressures from 0° to 60° v 
Bamsay a Young, G J M, 053 /ux 1 6059 , 
Mo 1 6729 (at 13°) (Kundt, IF 4, 34) For 
relations between volume as gas and pressure 
V Herwig, P 137, 19 , 141, 83 , 147, 161 

Occurrence — In crude benzole , and in mus- 
tard oil First prepaied, in 1796, by Lampadius, 
by heating iron sulphide with charcoal Com- 
position was long uncertain Clement a Des 
ormes {A Gh 42, 121) regarded it as a com- 
pound of C and S , it was also thought to be a 
compound of S and H, and at other times of C, 
S, H, and N Composition established by Vau- 
quelin, Berzehus, and Marcet, in 1812 {v G A, 
28, 427 a 453 , 48, 177 , 5 9, 284 , A Gh 83, 
262) 

Formation — 1 By heating S with excess of 
C in a porceltm tube, condensing product in 
vessel surrounded by cold water, shaking with 
NaOHAq, drying by CaCl , and distilling froior 
water bath — 2 By heating C with a metallic 
sulphide which gives off S at a high tempera-' 
ture, e g CuS or Sb^S, — 3 By heating wax,( 
sugar, resin, &c , with S — 4 By heating (CN)o8 
5 By heating CCl^ with PjB* to 200° in a closed 
tube 

Preparation — Commercial CS^ is distilled off 
quicklime at 60°-70°, leaving a little undistilled , 
the distillate is shaken in contact with powderect 
K^Mn 0„, about 5 giaras to 1 litre CS^, for some 
time (to remove H^b) , it is then decanted and 
shaken thoroughly with Hg until fresh Hg is 
not blackened (various S compounds are thus 
removed), the hquid is poured off and again 
shaken with Hg^SO^Aq (abt 25 g salt per Utre) 
until a few drops leave no trace of badly smell- 
ing residue when allowed to evaporate on filter 
paper , the CS^ is poured off, allowed to stand 
in contact with CaClj, and then distilled (from 
a water bath) directly into the bottle m which it 
18 to be preserved* It is kept in perfect dark- 
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nets (Obaoht J pr [3] 26, 281 , for other me 
thodsv Sidot, C R 69, 1803, Friedburg, B 8, 
1616 , 9, 127 , Millon, J 1868 928 , 01o6z. 
C R 69, 1366) 

Properties — Colourless, hmpid, highly re 
fractive, liquid , ethereal odour when quite pure , 
vapour even when much diluted is poisonous, it 
stops fermentation {v Cloez, C R 63, 185) 
According to Wartha {B 3, 80 , 4, 180) CS2 may 
be sohdified by placing a small quantity in the 
vessel of a Carr6 freezing machine, exhausting 
the air, and then opening the stopcock while 
continuing to exhaust , in large quantities solid 
CSj is obtained by mixing with absolute ether 
and exhausting the air by a Carr6 machine 
Wartha also obtained a snow like solid by blow- 
ing dry air through CSj at the ordinary tem- 
perature, according to Ballo {B 4, 118) this 
body 18 a hydrate of CS^ , Berthelot {A Ch 
[3] 46, 490) and Duclaux (C R 64, 1099) ob 
tamed such a hydrate (probably 2CS^ HjO) by 
evaporating CS, in moist air {v also Venables, 
Am 6, 15) CS2 vapour is very easily inflam 
mable, ignition temp = 149° (Frankland, C N 
6, 8), 170° (Braun) , with air or O it forms a 
very explosive mixture, mixed with NO and ig 
mted it burns instantaneously with production 
of white light rich in actinic rays {v Berthelot, 
A Ch [3] 49, 486 , Berzelius a Marcet, 5 9, 
284 , Frankland, C JV 6, 3 , Sell, B 5, 733 , 
Belachanal a Mermet, D F j 214, 483) 
Water dissolves about of its weight of CSj 
^Sestini, G 1871 473), it is miscible in all pio- 
portions with alcohol, ether, ethereal and fatty 
oils, and liquid COj {v Tuchsohmidt a Follenius, 
B 4, 683) CSj IS a solvent for fats, resins, 
gutta peroha, alkaloids, I, S, P, &o {v Lieber 
inann, B 12, 1294 , Gore, P M [4] 80, 414) 
According to Sidot, CSj is slowly changed lu 
sunlight to CS and S {v ante. Carbon monosul 
phide) 

Reactions — 1 Heated strongly CSj gives C 
and S (Berthelot, Bl [2] 11, 460 , Buff a Hof 
mann, A 113, 129) —2 Bums in air or 0 to 
CO2 and SOj. — 3 Decomposed by many metals, 
Fe 18 said to give CS at ord temp (Korn, C N 
33, 253 , V also Merz a Weith, Z 11, 613) , Cu 
at 200°-260° forms Cu^S, S, and C (M a W ) , 
K gives a sulphide and C, Na at 140°-150° 
forms Na^S and Na^CS,, the latter body reacts 
with dilute HClAq to produce H^CSj (L6w, Z 
9, 173 , 10, 120) , Na amalgam according to Low 
(I c ) gives CjS,, according to Raab {N R P 19, 
449) C482 (v also Hermann, J pr 79, 448, 
Beichl, C C 1880 420, Guignet, Bl 1861 
111) —4 Hydrogen, when passed with CS^ over 
heated Pt black, produces H^S and C , nascent 
H (Zn and HClAq) forms EL^S and (?) C,H,S {v 
Vernon Hareourt, C N 26, 267 , Cossa, B 1, 
117, Girard, C R 43, 396, Becquerel, C R 
66, 237) —6 Chlorine reacts with CS^ differently 
according to the conditions dry Cl at ord temp, 
gives S^Cljj and CCl. , moist Cl, or MnO^ and 
HClAq, or other Cl pro<lucer, forms H^SO^ 
and CSCl, (Kolbe, A 46, 41), Cl and CS, 
passed through a hot tube give S^Cl, and CCl, 
K ) , Cl passed into boiling CS, containing a 
ittie I forms S^Cl,, CCI4, and CSCl, (Muller, C J 
15, 41) , the same products result by action of 
IC4 {v Weber, W A B 1866 848, Hannay. 

^ 87, 224) — 6 Chlorides which readily give 


up chlorine react similarly to Cl MoOl^i and 
ShClj give CCI4 and SjCl,, SbOlj also producing 
SbCljS which separates into SbCl, and S 
(^onheim, J9 9,1788, Hofmann, A 115, 264, 
Husemann, A 117, 229), PCI, forms CSCl, 
Carius, A 113, 193), or according to Bathke 
AT 13, 67) CCl* and PSCl, (at 100°) —7 Bromine 
reacts in presence of I or SbBr, , 2 parts CS^, 
14 parts Br, and 3 parts I, heated to 150° in a 
closed tube form CBr* (Bolas a Groves, B % 
608 , V also Berthelot, A Ch 63, 145) 
Hell a Urech describe a compound Cj8,Br, 
obtained by slow action of Br and CS^ and sub 
sequent distillation (B 15, 273) — 8 Watei, in 
presence of air, oxidises CS^ slowly and partially 
to CO^q and SO,Aq (Berzelius) , heated to 150° 
m a closed tube from 3 to 4 hours, CO^q and 
HjSAq are formed (Schlagdenhauffen, J [1] 
29, 401) , evaporated ^in moist air a hydrate 
(?2CS^ H O) 18 said to be formed (v Properties) 

9 Warmed with sulphumt anhydride, CO^, 
SO,, and S, are produced Armstrong, B 2, 712) 

10 Mixed with carbon dioxide and passed 
through a hot tube, or over hot Pt black, COS is 
produced (Winkler) —11 Passed through a hot 
tube with sulphuric acid, CO, SO_(, H^S, and S 
are formed (W ) — 12 Many metallic oxides 
when heated with CS react to form sulphides, 
sometimes also carbonates (Schlagdenhauffen, 
J Ph [3] 29, 401 , Muller, P If 7, 404 , Fremy, 
C R 85, 27) —13 Oxidising agents, eg KNO, 
or K^Mn20a, generally produce CO^ and H^SO*, 
sometimes CO^ and H,S , As^O,, As^O,, (and 
salts of these) produce As^S, {v Schlagden 
hauffen, Zc , Cloez a Guignet, C R 46,1110) 
14 Boric acid and borates react at red heat 
to form B^Sg — 15 Sulphuretted hydrogen mixed 
with CS2 and passed over hot Cu produces CH, 
16 Alkalis in aqueous solution form carbon- 
ates and thiocarbonates {v thiocarbonates, 
under Carbonic aced, &o ) , alcoholic pothsh forma 
K xanthate C^^O CS SK — 17 Ammonia 
reacts with CS, probably to form CS(NH2)2 and 
(NHJ,CS, (Laurent, A Ch [3] 22, 103 , Zoute 
veen, C C 1870 821) , CS, and NH^ passed 
through a hot tube, or CS, heated in a closed 
tube with alcoholic NH„ produce H^S and 
HCNS, alcoholic NH^ at ord temp forma 
(NH,),CS„ (NHJCNS, and CS NH, SNH, (Debus, 
A 73, 26 , V also Millon J Ph [3J 88, 401 , Hof 
mann, J 1858 332) , NH,Aq form (NH*),CS,Aq 
and NH* CNSAq 

Combinations —1 With many metallic sul- 
phides to form thiocarbonates {q v ) — 2 With 
various ammonia derivatives , e g NMe, CS, 

3 With zinc ethyl and methyl to form 
ZnEtgCS,, and ZnMe, CS,, respectively —4 
With triethylphosphine to form PEt, CS, 

Analysis -Sulphur, by heating m a glass 
tube with Na,COg and a little KNO,, and esti 
mating sulphates produced, as BaSO* Carbon, 
by burning with PbCrO* as in organic analyses 

Detection and Estimation , — Small quantities 
of CS, may be detected by adding alooholio 
solution of potash, whereby K xanthate 
(C,HjO CS SK) IS formed , on now adding so- 
lution of a copper salt a yellow pp is pro- 
duced (Vogel, A 86, 369) This reaction is 
applied to liquids, e g mustard oil, by distilling 
a little in a current of air into alcoholic potash , 
coal gas mAy be tested by passing through 
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aloobolio potash A very delicate reaction is to 
bring the OSj into contact with PEt, when a 
charaotenstio carmine red compound, PEt, CS^, 
forms , it may be crystallised from ether This 
reaction may also be applied for the estimation 
of CS^ (Hofmann, B 13, 1732) CS^ is some 
times determined, eg m xanthates, by standard 
ised CuSO^Aq (Grete, B 9, 921) , thiocarbonates 
may be converted into the Pb salt (by addition 
of Pb acetate), and this may be decomposed by 
boiling witfh water, and the CS led into weighed 
bulbs containing alcoholic potash (Delachanal 
K Mermet, B 8, 1192) 

Carbon sulphoohlorides of 

I Thio cabbonyl chbobidb CSCI 2 Mol w 

114 69 (70°) VD 57 5 

Formation — 1 By reaction between Cl and 
CS 2 -i-2 By heating CCL with S — 8 By passing 
CCl^ and H^S through a not tube (Kolbe, A 45, 41 , 
Carius, A 113, 193, Muller, C J 15, 41, 
Gustavson, B 3, 94?9) 

Preparation — To dry CS^ about 2 p c I is 
added and dry Cl is passed in (a reversed con 
denser being attached) until the volume of 
liquid has increased by about ^ The whole is 
boiled with water (to remove S CI 3 ) , separated 
S 18 removed, water is separated, the liquid is 
distilled fiom the water bath whereby CCl^ and 
CS 2 distil over , the residue is then distilled till 
a thermometei^in the liquid reaches 175° , the 
pistillate is fractionated, digested with water to 
remove 8 Cl,, dried, and fractionated About 
820 g CSCl^ {v infra) are thus obtained from 1 
kilo CS, , very finely divided silver (by reducing 
AgCl) IS then added httle by little (the liquid 
being kept cold) until the whole of the liquid is 
soaked into the silver , it is then distilled, the 
distillate is shaken with water to remove traces 
of S,C1;, dned, and fractionated (Rathke, B 3, 
858) The reactions are (1) 2082 + 501,=: 
2CSCI, + S^Cl, , (2) CSCl, + 2Ag = 2 AgCl + CbCl,. 

Properties and Reactions — Golden red, lim 
pid, liquid , penetrating odour, resembling that 
of COCl, , fumes m air Exposed to light and 
then to a low temperature, large colourless 
crystals of a« polymende, nCSCl,, separate, 
this body is unchanged in air , melts at 112 5° , 
13 volatilised in steam , at 180° in a closed tube 
it gives CSCl, 

II Thionyl peechloride CSCl, (Rathke, 

B 3, 858) Prepared by action of Cl on CS, 
(i) Thionyl chloride. Preparation) A clear, 
golden yellow liquid , vapour causes free flow of 
tears , B P 146°-147° , S G 1 712 at 12 8° De 
composed, slowly by moist air, quickly by heat 
ing with water to 160°, to COo, HClAq, and S 
Heated to 200° is decomposed to CC1„ S, CL,, and 
a little CSCl, M M P M 

CARBONATES v Oabbonic acid. Carbonates, 
and Thio-oarbonates 

CARBON TETRA BROMIDE v Tetra-brouo 
kbthane 

D1 CARBON-TETRA.CARBOXYLIC ACID v 
Ethylene tet^a carboxylic acid 

CARBONIC ACID, CARBONATES, AND 
THIO-CARBONATES 

Carbonic acid A solution of CO, in water 
probably contains carbonic acid, H,COg The 
chief reasons for this statement are as follows 
The mass of CO, dissolved by water at ordinary 
temperatures and small pressures (less than 


*760 mm ) varies as the pressure But at pres 
sures of 2, 8, or more atmospheres, the mass of 
CO2 dissolved is less than that calculated by the 
law of Henry a Dalton Khanikoff a Longui- 
nine (A Ch [4] 11, 412) give these numbers — 
P = pressure in mm , a = vol of CO, (measured 
at 0° and 760 mm ) dissolved by 1 vol water 
at about 16° 


p 

a 

P 

a 

697 71 

0 9441 

2188 65 

8 1764 

809 03 

1 1619 

2369 02 

3 4867 

1289 41 

1 8647 

2554 0 

8 7152 

1469 95 

2 1623 

2738 38 

4 0031 

2002 06 

2 9076 

3109 61 

4 6006 


When the pressure is decreased to 760 mm over 
water saturated with CO, at pressures greater 
than 760 mm most of the CO, escapes, at first 
rapidly, then slowly , the last traces of CO can 
be removed by placing the water in vacuo, or bv 
long continued boiling Magnesium reacts with 
a solution in water of CO to form MgCO, and 

H , the quantity of H evolved is almost exactly 
that calculated on the hypothesis that the re- 
action 18 H^COgAq + Mg = MgCOg + H, (Ballo, B 
16, 3003) Water holding in solution NajCO, or 
K,CO, dissolves considerably more CO, than 
pure water , NaHCO, (or KHCOg) is produced 
(Ballo, I c ) Mg reacts with aqueous solutions 
of NaHCO, or KHCOj, to form MgCOg, K, (or 
Na,)CO„ and H (Ballo, I c ) Aqueous solu- 
tion of CO3 turns blue litmus wine red, the blue 
colour returns on exposure to air , blue litmus 
in contact with CO, at pressures of 1^ to 2 
atmospheres becomes vermilion red (Malaguti, 
A Ch [3] 37, 206) When CO2 dissolves m 
water, heat is produced , [CO ,Aq] = 6,880 {Th 

I, 260) This solution reacts thermally with 
alkahs as a dibasic acid , thus (Thomsen) — 

n [CO‘’Aq,nNaOHAqJ 

1 11,016 

2 20,084 

The thermal value of the second formula weight 
of NaOH (9,068) is considerably less than that 
of the first (11,016) , in this respect carbonic 
acid behaves like sulphurous, selenious, boric, 
acid, &c {v •Acids, basicity of) When moist 
CO, reacts with KOH, K.CO3 13 obtained, 
from this a great many carbonates may be 
formed, the composition of whn h is that of 
metalhc derivatives of a dibasic acid H,C03 
The aqueous solutions of carbonates are decom 
posed by almost all acids, not by HCNAq or 
H3,OjAq, hence the ajfinity of carbonic acid 
18 small (v Affinity) But soluble silicates are 
at once decomposed by CO,Aq, and even in- 
soluble silicates eg ot Ca, Al, Ac are slowly 
decomposed by moist CO The sulphur ana- 
logue of caibonic acid — HjCSg — has been iso- 
lated Finally various derivatives, both of 
C0(0H)2 and CS(SH)2 are known, viz C001„ 
(?COBr2), C0(NH,)2, COS, CSCl,, CS NH, SH, 
CS(NH,)2 

Carbon VTES Normal carbonates have the 
composition M3CO3 or MCO, Certain a^id car- 
bonates, MHCO3, have also been isolated , very 
few of these are known as definite solids, the 
principal are when M •= Na, K, NH, (? Tl) Some 
insoluble normal carbonates, eg Ba, Mg, Fe, 
dissolve in water saturated with CO,, at a 



CARBONATES 


eoe 


pressore of 4 or 5 atmos acid carbonates are 
probably formed. Many ‘ baste ’ carbonates 
exist , these are most simply represented by the 
gener^ formula ®MO(or MjOa) yCO^ zUjO A 
few double carbonates are also known, usually 
compounds of alkali carbonates with others, e g 
(NHJgCO, MgCO, , K,CO, NiCO, 4H,0 Several 
ethereal carbonates are known, derived from 
the hypothetical ortho car borne acid C(OH)^ , 
eg C(OEt)„ C(OPr)4 {v Carbonic ethers) 

Formation — 1 By reaction between metallic 
oxides or hydroxides and CO^ in presence of 
water, the oxides which act as weak bases, 
Pe^O„ AljO,, <&o , do not combine with CO^ 
when dry — 2 By ppn from solutions of salts 
by alkali carbonate solutions , only the salts of 
BaO, BrO, CaO, AgP, and HgO, yield normal 
carbonates, other salts give basic carbonates 
containmg less COg, relatively to MO, the weaker 
IS the oxide MO, and the warmer and more 
dilute IS the solution , salts of such weak bases 
as Fe^O,, Al^O,, and SnO, give pps of hydrates 
free from COj — 3 By strongly heating the 
alkali or alkaline earth salts of organic acids — 
4 In some cases by reaction between CO^q 
and a metal , e g Mg, Fe, Zn 

Solubility in water — Carbonates of Na K, 
Rb, and Cs, are easily soluble in water , car 
bonates of Li and T1 are much less soluble, 
other carbonates are nearly, or quite, insoluble 
All carbonates are soluble, to some extent, in 
water in which CO^ has been dissolved All, 
except those of RH4, B>b, and Cs, are insoluble 
in alcohol. 

Reactions — 1 All carbonates, except those 
of the fixed alkahs, are wholly or partially de 
composed by heat alone , BaCOj begins to 
decompose only at a full white heat, SrCO, at 
beginning white heat, and CaCOj at full red 
lieat , Ag^COs gives up COj at 200°, and at 250° 1 
the Ag^O gives off 0 and leaves Ag, MnCO, 
heated to 2(X)°-300° m air gives MnO^ and COj — 

2 Heated in steam all carbonates are decom 
posed to hydrates and CO2 (u Rose, P 85, 


lois, A Ch [3] 48, 502, Wallace, 0 Gaiettet 
1858 410) , as a compound and a 

small quantity of the carbonate employed, e g 
Al2(HO), + 2NH,HCO, (Rose, P 41, 462). 
and as pure Al^Oj^^ (Barratt, C J 18, 190) By 
Wibain and Renoul the pp in the cold is said to 
be 2AI2O, CO2 SH^O and to decompose about 80° 
(C R 88, 1188) (v also H Rose, P 91, 460, 
Parkmann, Am S [2] 34, 824) 

Ammonium carbonates Three definite salts 
seem to exist, the normal, the acid, a id the ses 
qui, carbonate (Divers, C J [2] 8, 171) The 
last IS sometimes regarded as a compound of the 
first and second (Deville, C R 34, 880) Divers 
considers the compositions of the three salts to 
be 

Normal carbonate^ 200^ 4NH, 4H2O 
Sesquicai borate^ 4NHg4H20 
Acid carbonate, 4CC^ 4NHj 4H2O 
Rose’s hyperacid carbonate may be the fourth 
term of this senes 

I N ormal carbonate CO, H^O Pre 
pared (1) by adding excess of NHjAq to a warm 
cone solution of the commercial carbonate , (2) 
by warming water with the ordinary carbonate, 
and allowing solution to cool and crystallise , 
after this has been done repeatedly the cold 
mother liquor from the last crop of cr ratals 
deposits normal carbonate Large elongated 
plates, freely soluble in water, insol alcohol, 
sparingly sol NHjAq Decomposes in air tc 

' NH4HCO,, with evolution of NH„ and at 86° to 
NHg, CO,, and Hp Is converted into carbam- 
ate by digestion in closed vessel at 2u°-25° 

II Acid cor donate NH^ HCO, Occurs m 
guano deposits (Ulex, A 61, 44) Prepared by 
saturating NHsAq-, or solution of sesqui 
carbonate, with CO , ana drying over H^SO, and 
KOH 8 (0°)119, (10°) 15 85, (20°) 21 , 
(80°) 27 (Dibbits, J pr [2] 10, 417) This is 
the stable salt to which the other NH^ carbon 
ates are converted Large, transparent, trime 
trie crystals Dimorphous, but never isomor 
phous with KHCO, (Deville) Solution at 36° 


99 a 279) — 8 Carbonates are decomposed by evolves CO, , even at ordinary temperature un 

aqueous solutions of most acids at ordinary stable m solution 

lemperatures with evolution of CO,, HCNAq III S esquicarbonate 

and BL^B^OjAq, however, do not decompose car (NH,),COg 2NH,HCO, By slowly heating the 

bonates — 4 Solid carbonates are decomposed commercial salt till melted and then cooling , 

by heatmg with solid boric acid, silica potassium or crystallises from warm solution of the same 

dkehromate, and some other salts Sulphuretted salt mixed with NH,Aq Large transparent 


hydrogen reacts with many insoluble carbonates 
suspended in water, eg oi Sr, Ba, Ca, Zn, Mg, Li, 
to form sulphides and CO,, the change pro 
oeeds the further the more water is present 
-^Naiidin a Montholon, C R 88, 58) —5 The 
more stable carbonates when heated with carbon 
igive CO — 6 Alkali carbonates heated in phos 
phorus - vapour give phosphates and C — 
/ Aqueous solutions of acid carbonates do not 
usually affect the colour of litmus , they give an 
alkahne reaction with rosolic acid 

Detection and Estimaiim — Usually detected 
by decomposing by an acid and examining action 
of gas evolved on CaOAq Usually estimated 
by decomposing weighed quantity by acid and 
determining CO, by loss. 

Aluzainiam carbonate Existence doubtful 
Pp produced by alkahne carbonates with A1 
falts variously foniiulated ss a highly hydrated 
4)auo carbonate (Muspiatt, C J 2, 206 . Lang 


crystals, losing H,0 and NH, in air and 
giving NH.HCO, 8 (13°) 25 , (17°) 80, (82°) 
37 , (41°) 40 , (49°) 60 (Berzelius) Solution 
easily decomposes with evolution of CO,. 

Another carbonate — (NH^)^CO^ — appears to 
exist in the mother liquor from the preparacion 
of the sesquicarbonate (Divers) The commer^ 
cial carbonate is probably 3NH, 2CO, H,0 It 
generally contains 1 p c H,0 in excess of this 
formula, and a little ammonia Prepared 
(1) by dry distillation of animal matter and 
subsequent purification by redistillation with 
charcoal , (2) by heating to redness NH^Cl and 
CuCO, in retort with receiver The first pro 
ducts are H,0 and carbamate, subsequent 
distillation produces the commercial carbonate 
A white, transparent, fibrous mass, with strong 
ammoniacal smell, volatile, but not without 
some decomposition Solution strongly alka- 
Ima. 
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Btrinm carbonate BaCO, By adding 
p^H<)2CO»A.q to BaOljAq or Ba(NOj)Aq i or 
NajCOjAq to BaSAq , or (impure) by strongly 
heating a mixture of BaSOi, charcoal, and 
K^CO,, and extracting the K^S formed with 
water, leavmg BaCO, S = O , m water satu- 
rated with CO2 at 4 to 6 atmos pressure S = 76 
The salt remains m solution at ordinary pres 
sure, but is completely ppd on boiling (Wagner, 
J pr 102, 233 , J 1867 135) Found native as 
Withente • This mineral can be obtained arti 
hcially from amorphous BaCOg by crystallising 
from fused KCl and NaCl (Bourgeois, Bl [2J 37, 
447) A soft white poisonous powder, easily 
soluble in solution of NH^Cl, NH4NO3, or am 
monium succinate Above red heat in presence 
of C it yields BaO and COj Decomposed at red 
heat by aqueous vapour especially in presence 
of chalk Yields BaiO^ when shaken with 
KjSO^ or Na2804Aq, and is completely decom- 
posed by boihng wj^h NH^ClAq 

Barium acid carbonate^ iBaCOj COj, de 
Bcnbed by Boussin^ult (A Ch [2] 29, 280) 
but Rose thinks it cannot exist except in solu- 
tion 

Beryllitmi carbonate A compound of van 
able composition is obtained by exposing 
Be(Hp)2 to air, ppg beryllium salts with alka 
line carbonates, or boiling solution of double 
Be NH, carbonate The composition of pp by 
last method is 6BeO COj (Schaffgotsch) 

ll^ecomposed by boiling water, soluble in alkaline 
carbonates The salt BeCO^ 4H^O is obtained 
by passing CO2 through water containing basic 
B^t in suspension and evaporating over H2S04 
in atmosphere of COj 

Beryllium ammonium carbonate 
2(BeCO, (NH4)2CO,) Be(HO) 2H2O By dissolv 
ing BeO in cone Am^COjAq at gentle heat, then 
boiling till solution becomes cloudy, filtering, 
and add?ng cone alcohol , crystals are drained, 
washed with alcohol, and dried by pressing be 
tween paper (Humpidge, Pr 39, 14) By simi 
lar method Deville (A Ch [3] 44, 5) obtained 
a salt of formula 3(BeCO, (NHj2CO^)JBe(HO), 
soluble in cold^ and decomposed by hot, water 
Bismuth carbonate BijOg CO (Berzelius) 
a white pp obtained by dropping a solu- 
tion pf Bi3NO, into an alkahne carbonate 
According to Lefort this pp contains 4 H^O 
evolved at 100° Heated strongly yields 
BijOg 3 (BiO) 2 CO, 2Bi 08H* SH^O Occurs native 
as Bismuthite m South Carolina 

Cadmium carbonate CdC03(‘^) Occurs native 
with ZnOO, By ppg solution of a cadmium 
»alt with (NH4)2C08Aq The white pp is said 
to contam water, which is lost at 80°-120°, and at 
a higher temp to lose CO, and leave CdO (Le 
fort, J Ph [3] 12, 78) , Rose (P 85, 304) says 
pp is nearly represented by CdCO, Moist 
Cd(HOj2 absorbs CO, and at 300° loses all its 
water, leaving 2CdO CdCO,. 

CsBsium carbonate CsjCO, S alcohol (19°) = 
11 1 111 defined hydrated deliquescent crystals 

separate from a syrupy solution On melting 
these leave Cs,CO, as sandy powder Acid 
carbonate, CsHCO,, crystallises from aque- 
ous solutions in large prisms 

Calcium carbonate CaCO, S (cold) <= 0094 , 
(100°) -118 (Fresemus, A 69, 117), S (0° m 
water saturated with COJ« 07, (10°)= 088 


(Lassaigne, J Chem Med 1848 812 , Schloe- 
sing, C J [2] 10, 788) 

Occurrence — Native , m rhombohedra (hexa 
gonal) as calcspar, S G 2 69-2 75 , and m right 
rhombic prisms (trimetrio), S G 2 92-3 28, as 
arragonite , also abundantly as chalk, limestone, 
Ac Formed when hydrated or anhydrous CaO 
18 exposed to moist air , but not by action of 
CO2 on dry CaO 

PrcparatioTU — 1 By ppg CaCl2Aq by 
(NHJ^COgAq From not too dilute solutions 
below 30°, it is ppd entirely as calcspar , 
above 30° the pp contains arragonite, m 
gradually increasing quantity as the temp rises, 
until about 90° the pp is almost entirely arra 
gonite CaCOg which separates as calcspar 
from a cold, not too dilute, solution of the acid 
carbonate, is deposited partly in arragonitio form 
on addition of a very little PbCO,, CaSO^, or 
SrS04 (Credner, J f Mineral 1871 288) The 
arragonite tends to change to calcspar form if 
left under cold solution Can be obtained in 
form of calcite from ppd carbonate by crystal- 
lising from fused NaCl and KCl (Bourgeois, Bl 
[2] 37, 447) 

Properties and Beactwns — Tasteless, white, 
slightly alkaline , easily soluble, when recently 
ppd , and to a certain extent even when it 
becomes crj'Stalhne, in aqueous solutions of 
(NHJ^CO,, NH4CI, NH4NO3, and ammonium 
succinate These salts, therefore, prevent com 
plete ppn of calcium as carbonate At full red 
heat 18 decomposed into COj and CaO Temp 
of decomposition is lowered by passing air or 
steam over the CaCO, In closed tube fuses 
to marble like substance Boiling ammonium 
chloride solution decomposes CaCO, forming 
CaCL and (NH4)-,CO, Sulphur decomposes 
CaCO, forming CaS04 without previous forma 
tion of H^S (Podacci, O 1874 177) The 
sulphur 18 oxidised at expense of oxygen of 
water (Brugnatelh a Pelloggio, G 1874 536), 
and the formation of sulphuric acid is preceded 
by that of penta and tetra thionic acids 
(Bellucci, S 1874 179) A salt of the formula 
CaCl2 2CaCO, GH^O was obtained by Pelouze 
{Bl [2] 3, 183) 

Hydrates f above 30° CaCO, is ppd , below 
30° hydrates are formed containing amounts of 
water (10-27 p c ) which vary with the temp 
and time occupied in ppn From a solution of 
lime in sugar water cooled to 0°-2°, a hydrate 
CaCO, 6H2O, decomposed at 30°, is obtained , 
while the same solution at a little higher temp 
yields CaCO, 6H2O crystallising in rhombohedra, 
SGI 783, decomposed above 15° even m water 
(Pelouze, Bl [2] 3, 183) Same hydrate found 
by Scheerer (P 68, 382) and Rammelsberg (B 4, 
469) A gelatinous hydiate foimed by action of 
CO, on CaO and water is described by Bondon- 
neau {Bl [2] 23, 100) 

Acid carbonate CaH2(COg)3 (?) is known 
only in solution , obtained by passing COj mto 
cold water containing suspended CaCO, De- 
composed with separation of CaCO, on exposure 
to air, or more quickly on boiling 

Basic carbonate 2CaO CO,. Obtained 
from CaCO, at a moderate red heat Hardens 
by action of water, forming CaCO, CaOjH,, 
which is also produced by exposing CaO to 
moist air. This hydrate gives 2CaO CO, at low 
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red heat, and at strong red heat gives off COj 
and H,0 (Fuchs, P 27, 601) 

Oe^nm carbonate 063 ( 00 ,), OH^O by ex 
posing 0630 , to air or by ppn A white powder, 
partially converted on heating strongly in air 
into 06,0, 

Chromons carbonate OrCO, An amorphous 
greyish white substance, prepared by heating a 
chromous salt with NajCOsAq out of contact 
with the air (Moissan, A Ch [6] 26, 401) 

Cobalt carbonate OoOO, By heating C 0 OI 2 
with OaOO, to 160° in sealed tube for 18 hrs , 
or by decomposing OoOl, with a solution of 
NaHCO, supersaturated with CO, and heated to 
140° in a strong vessel allowing slow escape of 
CO 2 Light, rose coloured, sandy powder , micro 
Bcopic rhombohedra , not attacked by acids in 
the cold (Senarmont, A Ch [3] 80, 129) 

Hydrated carbonates and double 
salts are formed on adding cobalt solutions to 
alkaline carbonates Hot or cold, not too dilute, 
solutions yield a rose coloured pp , which dried 
at 100° is 2CoCOs 3 Co(HO )2 (Setterberg, P 
19, 66 , Winkelblech, A 13, 148, Bose, ibid 
80, 237) Boiling water partially converts it 
into CojO, (Field, C J 14, 50) , digested with 
NaHCO, or (NH,)HCO,Aq yields 3CoCO, H O 
(Deville, A Ch [3] 33, 76) Hot very dilute 
solutions yield blue CoC 032 Co(HO) 2 aq Heated 
above 150° both pps give off HjO and COj, 
yielding CojO, (Bose) 

Cobalt potassium carbonate 
(CoKH) ( 003)2 4 H 2 O Bose coloured crystals, 
prepared by action of excess of KHCOjAq on 
Co(NO ,)2 or CoSO^Aq Decomposed by water 
(Bose , Deville) Deville also obtained 
CoK (C 03 ) 2 . 4 H 20 

Cobalt sodium carbonate CoNa (€ 03)2 4 H 3 O 
Prismatic, and CoNa 2 (C 03)2 IOH 2 O dark red, 
crystals , obtained together by the action of 
Co2NO,Aq on solution of Na sesquicarbonate 
(Deville) 

Copper carbonate Unknown except in solu 
tion Obtained by dissolving the ppd basic 
carbonate in COjAq at 4-6 atmospheres pressure 
(Wagner, J pr 102, 233) 

Hydrated basic carbonates 
CuCO, CuOjHj occurs native as malachite Pre 
pared by ppg a cupno salt with an alkaline 
carbonate The pp at first is greenish blue, 
and is said to contain 1 mol H 2 O , left in con 
tact with liquid and washed it has above com 
position and is dark green Heated to 200° 
yields malachite Boiled with water it yields 
CO 2 and CuO (H Bose, Field, C J 14, 71) 
Digested with (NH^jCOjAq at 48 8 ° it is con 
verted into CuCO, 5CuO, a dense black powder, 
which IB also obtained by prolonged boiling 
CuSO^Aq with Am 4 H 2 (CO,)„ filtering from 
CuCO, Cu(HO) 2 , and adding more CuSO^ (Field) 
Digested with NajCO, yields CuCO, 7CuO 5 H 2 O 

The basic salt 2 CuC 08 Cu(HO )2 occurs 
native as asurite in blue monoclinic crystals 
Boiled with water yields CuO and evolves CO^. 
With hot NaHCO, yields a blue solution which 
after protracted boihng, deposits CuCO, CuOgHj 
(Field) Prepared artificially by secret process 
(Phillips, A Ch [2] 7, 44) Asurite can be 
foi'med jteom malachite at ordinary temps by 
addition of CO^ and abstraction of H^O in pre- 
Bcnoe of a dehydiating agent and CO, at high 


temp (Weibel, J filr Mineral 1878 245) 
Crystallised Cu(NO ,)3 heated with CuCO, under 
a pressure of 54 atmospheres yields crystalline 
waity mass of asunte (Debray) 

Double salts Potassic cupric carbonate 
5CuO K 2 O CO, IOH 2 O A dark blue silky mass, 
obtained by adding Cu(N 03)2 KHCO, 

Sodic cupric carbonate CuNa, (CO,), 6 H 2 O 
By action of NaHCO, on CuCO, CuO^H, at 
40°-60° Bhombic prisms 

Cuprammomum carbonate fNLL,) 2 Cu CO^ 
Obtained as dark blue crystals by dissolving 
basic carbonate of copper in Am CO, and pouring 
solution into alcohol Water decomposes it into 
Am CO, and CuCO, CuO Cu(HO )2 (Favre, Traiie 
dc Chem par Pelouze et Fi 6 my) Also formed 
when CuO or Cu is digested in NH,Aq with access 
of air 

Didymium carbonate Di 2 (C 03 ), A red 
crystalline powder obtained by passing CO mto 
water containing suspended DiOgH, A hy 
drated carbonate is obtained, as a very slightly 
rose colouied pp , by adding an alkaline car 
bonate to solution of a Di salt Loses f H^O 
and a little CO at 100° (Mangnac) 

Indium carbonate In 23 C 03 White gola 
tinous pp , soluble in (NHj^COgAq, and ppd on 
boiling , insoluble in solution of fixed alkali 
carbonates (Winkler, J pr 94, 1) 

Iron carbonates Ferric carbonate does not 
appear to exist (Gmelm , Soubeiran, A Ch [21 
44, 326) Double fealts of femcum and alkaline 
carbonates appear to exist in solution, as the 
pp of ferric hydrate obtained by cone alka 
line carbonate solutions gradually redissolves, 
whereas pure well washed Fe^O^H, does not 
dissolve in these solutions 

Ferrous carbonate FeCO„ occurs abundantly 
as spathic ore Prepared by methods similar 
to those described for CoCO, (q v ) It is a 
greyish white crystalline solid, composed of 
minute rhombohedra , scarcely attacked by 
dilute acids, nearly unchanged m dry air It 
18 darker and less alterable the higher the 
temperature at which it has been formed, and 
the longer it has been heated (Senarmont, A Ch 
[3] 30, 129) Spathic ironstone dissolves under 
pressure in water saturated with CO, (S » 72), 
and 18 deposited as a black amorphous pp on 
boiling (Wagner, J 1867, 136) 

Hydrated ferrous carbonate^ FeCO, HgO, 
occurs native Amorphous, white, earthy, little 
altered in air, scarcely decomposed by acids at 
ordinary temps (Moissan, C R 59, 288) The 
hydrate obtained by ppg solution of a ferrous 
salt with an alkaline carbonate rapidly decom 
poses on exposure to air It can be obtained 
fairly pure, as a greenish tasteless powder, by 
ppg ferric free ferrous sulphate with normal 
or acid alkaline carbonates The salts are dis 
solved in de aerated water, the pp washed by 
decantation out of contact with air, and dried 
in CO, If dry it is fairly permanent , if moist 
it gives off H 2 O and CO, , but if mixed with 
sugar the change is less rapid 

Fenous hydrogen carbonate Solution of 
CO, dissolves FeCO, and Fe , the latter with 
e\oIution of H 

Lanthanum carbonates SH.O 

Found native as Lanihanite in four sided 
plates or minute tables of tho tnmetne system. 
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The carbonate obtained by ppn forma a white 
gelatinous mass which changes to shining 
crystalline scales 2 La^(COj,), ISH^O , ppd by 
NaoCOjAq from LajSSO^Aq, and dried at 
ordinary temperature Micaceous scales with 
silky lustre (Hermann, J pr 82, 385) 

Lead carbonate PbCO* Occurs native m 
trimetric crystals as white lead ore or cerusite 
Has also been found on bronze objects from 
Pompeii (Luca, C R 84, 1457) Prepared by 
ppg Pb(Nt)j) 2 Aq with excess of alkaline car 
bonates in the cold (Berzelius , Lefort, J Ph 
rd] 16, 26) According to Rose {A 80, 235) 
these pps are all hydrocarbonates, the ratio 
of hydrate to carbonate increasing with the 
temp and dilution of the solutions Bodies of 
the same composition are formed by direct 
actiop of COj on Pb(HO) 2 , but differ in being 
amorphous and opaque, instead of consisting of 
minute transparent crystalline grains 

White lead is* a hydrocarbonate present 
ing varieties of composition represented by 

(1) 2PbC0,Pb02H2^ (2) SPbCO^ SPbOft . 

(3) BPbCOa PbO^H^ (Mulder, A 33, 242) , 

(4) SPbCOgPbO^Ha (Phillips, G J 4, 165) 
Prepared by (1) Dutch method Thin lead 
sheets are placed over gallipots containing 
weak* acetic acid (2|pc), the pots are em 
bedded in fermenting tan at a temp of 60°-C5‘^ 
The metal disappears in a few weeks Oxide 
^ lead 18 first formed, and dissolved by the 
acetic acid, forming a basic acetate, and this 
is decomposed by the COj evolved from the tan 

(2) PbO IS mixed with water and about 1 p c 
of Pb acetate, and CO^ is passed over it 
Pb(NOjj 2 has been used instead of acetate 
Nearly insol in sat CO^Aq even under pressure 
(Wagner) The ppd carbonate has S = 06 in 
sat CO^Aq 

Lead - sodium carbonate 4 PbC 03 Na^CO, 
(Berzelilis, P 47, 199) 

Lead chloro carbonate A compound of the 
chloride and carbonate of lead is obtained as 
a pp by the action of COj under pressure on 
PbCl, (Miller, G J [2] 8 , 37) 

Lithium carbonate LijCO, S (0°) = 1 539 , 
(60°) =» 1 181 , (100°) = 728 (Bevade, Bl [2] 43, 
123) Found in many mineral waters Pre 
pared by dissolving an excess of (NHJ 2 CO, in 
cone LiClAq, and washing resulting pp with 
alcohol, or by strongly heating Li acetate 
Not decomposed by heat Melts at low red 
heat, and sohdihes to a vitreous mass on 
cooling The solution is alkaline and decom 
poses NH 4 salts, but is decomposed by Ba(HO )2 
and Ca(HO )2 By slow evaporation the solution 
deposits salt in small prisms Water saturated 
with CO 2 dissolves it more readily than pure 
water 

Magnesium carbonate MgCO, Occurs 
native as magnesite^ in rhombohedral crystals 
isomorphous with calcspar , mfusible , dissolves 
slowly m acids Prepared (1) By suspending in 
water the v,ashed pp obtained by adding solu 
tion of an alkaline carbonate to solution of a Mg 
salt (which always contains MgO^H,), passmg 
CO, tnrough the liquid till pp is dissolved, and 
evaporating by heat (Rose, P 42, 306) , (2) By 
heating MgSO^Aq with NajCOsAq to 160° m a 
sealed tube , (3^ By inclosing a soluble Mg salt 
wiUi an alk^ine hydrogen carbonatoi super- 


saturated with CO^ in a strong vessel closed by 
a cork through which the CO, can slowly escape 
(Senarmont, G R 28, 693) , (4) By carefully 
heating MgCO, KHCO, 4aq to 200°, and extract 
mg with water (Engel, Bl [2] 44, 366) A 
white crystalline powder, ismorphous with 
arragonite by method (1) , obtained m rhombo- 
hedra by (3) , isodimorphous with CaCO, When 
moist it is alkaline to litmus CaSO^Aq par 
tially decomposes it, especially in presence of 
NaClAq (Fleischer, J ^ [2] 6, 273) Soluble 
in cold solutions of alkaline borates, ppd on 
heating, but redissolved on cooling (Wittstem, 
Ai Ph 1^3] 6, 40) Hydrates (a) MgCO, 3 H 2 O 
Hexagonal prisms obtained by spontaneous 
evaporation of a solution of MgCO, in excess of 
CO^Aq They lose water in dry air but retain 
their form (j8) MgCO, 5H,0 Transpaient 
oblique prismatic crystals obtained by exposure 
of above solution at a low temp Converted 
into (a) by exposure to air &c Boiled, they 
yield 4MgCOg MgHoOg 4aq (Fritzsche , v also 
Engel, G R 101, 814) 

Hydrocarbonates As inthecase of lead, 
the composition of pp formed by adding an alka 
line carbonate to solution of a Mg salt depends 
on proportions, strength, and temp , of solutions 
A variable mixture of hydrocarbonates is known 
as magnesia alba , (a) 4MgCOj, MgH 0, 4aq , a 
white granular powder (for preparation v Rose, 
A 80, 234) ()3) SMgCOj Mg(HO )2 3aq, occurs 

native as hydromagnesite in small white mono 
clinic crystals (Dana) Prepared artificially 
(Berzelius, Fritzsche) it is a white, slightly 
soluble powder forming alkaline solutions 
Dried at 100° m air it yields a (Rose) 
( 7 ) 3MgO 2 CO 2 3aq(?) (Fritzsche, P 37, 310) 
Denied by Rose 

Magnesium hydrogen carbonate MgH,(COg )2 
(Soubeiran) Obtained by shaking up magnesia 
alba with CO,Aq The sol has a bitter taste 
and alkaline reaction , becomes turbid at 75° 
but clears on cooling Heated to 60“ , or eva 
porated in vacuo, it yields hydrate a {v supra) 
(Berzelius , I ritzsche) 

Magnesium ammonium carbonate 
Mg (NH4),(C0,)2 4H,0 Translucent rhombo 
hedra, fromea mixture of cold MgCljAq, or 
MgbO^Aq, and NH^ sesquicarbonate solution 

Magnesium - potassium carbonates (1) 
Mg(KH) ( 003)2 4aq In large crystals from cold 
aqueous mixture of MgClg or Mg(N 03)2 with 
excess of KHCO, The crystals at 100° become 
opaque, and lose water Decomposed by water, 
leaving a residue bMgCO, MgH^Oj 6 aq (Ber 
zelius) , also obtained in oblique rhombic prisma 
(Deville, A Ch 33, 75) , ( 2 ) MgK (CO,) 24 aq by 
digesting magnesia alba at 60°-70° for 12 to 15 
hours with KHCOgAq (Deville, I c ) 

Magnesium sodium carbonate MgNa 2 (CO,) 2 . 
Prepared in anhydrous microscopic crystals as 
the corresponding K salt 

On solubility of MgCO, m OOjAq under 
pressure v Merkel (/ 1867. 136) and Wagner 
{J pr 102, 233) On solubility of MgCO, and 
CaCO, in solutions of calcium and magnesium 
salts, and the reactions of dolomite or gypsum 
and magnesite in presence of water containing 
CO, V Hunt {Am S [2] 42, 49) For reaotiona 
of basic MgCO, and gypsum with CO^Aq v, 
Gossmann {Am S [2] 42, 217, 368)« 
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Kanganese earboiLate MnCO, S waters 
•013 , aqueous COj- 028 (John) Occurs native 
as dtallogtte, in rhombohedral crystals, isomor- 
phous with caloite Prepared by heating 
MnCljAq in sealed tubes to 160° with NajCOjAq, 
or to 140°-170° with CaCO, for 12 to 48 houis 
(Senarmont, C R 28, 693) 2MnCOg H^O is 
obtained by drying in vacuo the pp formed by 
alkaline carbonates with manganous salts {Om 
4, 214 , Prior, Fr 1869 428) Dried in air pp 
contains Mnj 04 Equivalent quantities of 
Na^COj and MnClg yield SMnCOj 2MnH Oj 
(Rose, A 80, 236) MnCO, is a fine amorphous 
faintly rose coloured powder The hydrate is 
snow white and tasteless Anhydrous or 
hydrated the salt is permanent at ordinary 
temps Heated to redness in air it yields 
Strongly heated in H it yields MnOg 
In chlorine it gives 4MnCOj + Cl = 
MnClj + MngO, + 4CO^ (Wohler) Chlorine water, 
or calcium hypochlorite solution, converts it first 
into MnjO^, and then into MnOj Solutions of 
ammoniacal salts dissolve it when freshly ppd 

Mercury carbonates Mercm'ic carbonate 
unknown Neutral or acid carbonates of K or 
Na yield brown red pps 2HgO HgCOj (Setter- 
berg, P 19, 60) Mercuric chloride yields an 
oxychlonde 

Mercurous carbonate Hg_jCO, A black or 
yellow powder Hg 2 N 03 Aq is mixed with slight 
excess of Na(orK)HC08Aq , the mixture is set 
aside for a few days and frequently stirred, and 
thepp then washed quickly, and dried overH b 04 
tn vacuo (Setterberg, I c ) Easily loses CO^ , 
is converted into HgO by exposure to air , 
blackened by alkalis with separation of Hg 
{Om 6,15) 

Nickel carbonate NiCO, For preparation, 
V Cobalt cakbonatb It is a greenish white 
powder in minute rhombohedra scarcely at 
tacked by strong acids at ordinary temperatures 

Hydrocarbonates 

(1) NiCOg 2 N 1 H 2 O 2 . 4 H 2 O Occurs native as 
emerald nickel (Sdliman, Am S [2] 6, 248, 
bhepard, lAwi 250) (2) 2NiCO, SNiHp^ 

18 the pp obtained from cold NiSO^Aq and 
Na^COjAq, when dried at 100° \ Boiled with 
water takes up water and loses CO 2 Heated 
above 100° in air gives off water and COj, and 
18 partly converted into Ni^O, (Rose, A 80, 
237) Not altered by digestion at 60°-70° with 
NaHCOjAq (Deville) The pps produced by 
alkalme carbonates m solutions of nickel salts 
vary with temperature, strength, and proportions, 
of solutions employed 

Nickel -potassium carbonates 
( 1 ) NiK 2 (COa )2 4 H 2 O , shining apple green micro- 
scopic needles (2) NiKH (CO,)^ dBL^O light 
green, apparently obhque rhombic prisms Ob 
tamed similarly to corresponding cobalt salts 
(Deville) 

NtckeUsodium carbonate^ 

NiNaj;(C08), lOHgO is obtained like the cobalt 
Balt, m small pnsms (Seville) 

Palladium carbonate A light yellow pp is 
formed by addmg solution of an alkaline car^ 
bonate (o a solution of a Pd salt No CO^- is 
evolved at first, but on continuing ppn effer- 
rescence ensues and pp turns brown A small 
guantity of COj retamed when dry (Berzelius) 


Potassium carbonates Two salts have been 

obtamed 

I Normal carbonate KgCO, S 96 2 at 3° , 
111 at 12° , 204 at 70° The commercial salt 
IB prepared by treating the ash of plants, 
especially of beetroot, with water, and evapora- 
ting The residue, containing 60-80 p c KgCO,, 
18 sold as * crude potash ’ The impurities — KCl, 
K SO 4 , and a little K silicate — are partially re 
moved by digesting for several days with its 
own weight of cold water, decanting, und evapo 
rating quickly with constant stirring The 
small crystals obtained are washed with pure 
K^CO^Aq, dried, and heated to redness in metal 
vessels , the product is ^ pearl ash,* which usually 
contains from 2 to 3 p c impurities 

Pure K^COg is prepared (1) by heating pure 
K oxalate , (2) by digesting powdered cre^m of 
tartar with water contahiing a little HCl, wash- 
ing, drying to render sihca insoluble, crystal- 
lising from water to remove "^"^a salts, heating in 
a closed silver dish, digesting residue with hot 
water, filtering, evaporating to dryness, dis 
solving in cold water, evaporating, and repeat 
ing treatment with cold water and evaporation 
two or three times (Stas, Chem Proport 340) 
{v also Smith, C N 30, 234) 

Properties and Reactions — White solid, 
melting at red heat (83°) (Carnelley, G J 33, 
280), volatilised without change fit white heat , 
very deliquescent , [K^CO\Aq] = 6490 {Th 8u 
198) Solution strongly alkaline , hot solution 
deposits rhombic octahedra KjCOg 2 H 2 O , 
cone solution deposits monoclinic crystals 
2 KCO 83 H 2 O, which at 100° give K^COg H O 
(btadeler, A 133, 371 , Pohl, W A B Al, 630) 
Heated ivith aqueous vapour is partly decom 
posed, giving KOH , heated with charcoal gives 
K and CO {v Potassium) heated with sulphur 
forms K sulphide and sulphate, and COj (Ber 
thelot, Bl [2] 40, 362) , heated in sulphur 
dioxide gives K SO 4 and traces of K S (Berthelot, 
A Ch [5] 30, 647) Solutions, about 1 in 
lOH 0 partly decomposed by CaO^H^ giving 
KOHAq , amount of change much incieased by 
boihng , reverse reaction occurs v ith more 
cone solutions 

II Potassium hydrogen carbonate KHCOj 
8 22 4 at 0° , 83 2 at 20° , 45 2 at 40° , 16 4 
at 60° (Dibbits, J pr [ 2 ] 10, 417) Prepared 
( 1 ) by passing CO^ into solution of commercial 
normal carbonate , ( 2 ) by passing COj into 
solution obtained by hxiviatmg residue from 
heating K H tartrate m closed vessels, and crys- 
tallising Properties and Reactions — Large 
transparent monoclinic crystals, KHCO, H 2 O , 
solution has slightly alkaline reaction, and 
gives off CO 2 on gently warming {v Dibbits, 
J pr [ 2 ] 10, 417) At 200° gives K^CO, and 
CO 2 

Eubidium carbonate Rb^CO, By ppn of 
Rb^SOAq with BaOAq adding (NHj)^C08 I'O 
filtrate evaporating to dryness, exhaust ng with 
water, and evaporating this solution, indistinct 
crystals of Rb^CO, H^O are obtained Soluble 
m alcohol, strongly alkaline Heated, lose 
water and leave Rb^CO,, as a sandy powder, 
which melts at a higher temperature In air it 
deliquesces, and yields RbHCO,, in glassy pris- 
matic crystals , permanent m air , having very 
faint alkaline reaction , easily converted by heat 
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Into BbjCO, (Bonsen a Kirchoff) (melting point, 
837° , Oarnelley a Williams, C J 37, 126) 

Samanum carbonate Sm2(C0,)3 SHjO 
Needles insoluble m water The following 
double salts have also been prepared Santa 
rtum ammomum carbonate ^ 

SmNH4(C03)2 2H2O Samarium potassvum car- 
bonate, Sm K (063)2.61120 , brilhant needles 
Samarium sodium carbonate, 

SmNa(COj,Jfi 8H2O , a crystallme pp (Cl^ve, Bl 
[2J 43, 168) 

Silver carbonate Ag2C08 Prepared in crys 
tala by adding ammonia by drops to mixed 
solutions of AgNO, and Na2COg of definite 
strength (Vogel, J pr 87, 288) As a white 
pp , becoming yellow on washing, by adding 
Na2CO,Aq to AgNOgAq Blackens on exposure 
to li^t Is readily soidble in strong NH,Aq 
Solution treated with absolute alcohol yields a 
pp containing Ag2rvD2 and ammonia (Berzelius) 
At 200° loses CO2 and leaves Ag O By ppg 
AgNOAq with large* excess of alkaline carbon 
ate and boiling, a substance, possibly a mixture, 
18 obtained which dried at 100° has formula 
Ag CO, 2Ag20 (Rose, A 84, 202) Ammonio 
Sliver carbonate Ag CO, 4NHs A grey pp on 
addin-^ absolute alcohol to AgjCO, dissolved in 
NH,Aq (Keen, C N 31, 231) 

Sodium car]ponate8 Thiee salts have been 
isolated, besides various hydrates, and several 
(louble salts 

I Normal carbonate Occurs in waters 
of several lakes and mineral waters , is a con- 
stant constituent of ash of sea plants 

Formation — 1 From Na SO,, by heating 
with C and CaCO„ and lixiviating with H O 
(Leblanc’s process) — 2 h rom cryolite, by heat 
ingwith CaO and decomposing the Naaluminate 
formed by CO2— 3 By reaction between NaCl 
and (Nif,) CO, in solution 

Preparation — 1 Soda crystals are repeatedly 
washed with cold water until all sulphates, 
chlorides, &c are removed, the last traces of 
S1O2 are removed by dissolving the washed salt 
in water evapmating nearly to dryness, adding 
a little (NH,) UO,, heating till quite dry, dis 
solving in water, filtering, evaporating, and 
heating (Wurtz, J 1862 367) — 2 Soda crystals 
are repeatedly recrystallisgd, the crystals being 
obtained as small as possible (Gay Lussac, A 
12, 15) , most of the chlorides and sulphates 
and iron salts are thus removed The washed 
salt IS dried, heated in a silver dish, and the 
residue is repeatedly washed with small quan 
titles of cold water , the salt is now free from 
iron, but may contain traces of silica {v supra) 
(Stas) 

Properties and Reactions — White solid , 
melts at c 818° (Carnelley, C J 33, 280), 
giving off a little CO2 (Jacquelam, A Ch [3] 32, 
205 , Mallard, A Ch [4] 28, 86 , Scheerer, A 
116, 134) Heated m steam gives NaOH Do 
composed at high temperature by carbon, to 
Na and CO , by pho^ph/yrus, to C, CO, and Na 
orthophosphate (Dragendorff, C G 1861 865) , 
by silicon to C, CO, and Na silicate , by sulphur, 
at 276°, to NajS and NajSaO,, at melting point, 
to NajS, and NajSO^ , by feme oxide, or ferrous 
oxide with evolution of CO, (Stromeyer, A 107, 
866) , by ferrous sulphide to Na and Na Fe 
sulphide (E Eopp, Bl [2] ff, 207) Solubility 


in water increases from 0° to 84°, from 
34° to 79° S IS constant S «« 46 2 at 34° 
(L6wel, A Ch [8] 88, 863 , Poggiale, A Ch fS] 
8, 468 , Tomlinson, C N 18, 2 , Gerlaoh, Fr 
8, 279) Solution is accompanied with produc- 
tion of heat , [Narcos Aq] = 5,640 {Th 3, 198) 
Hydrates o/NajCO,— (1) NajCO, IOH2O , 
separates from moderately cone solutions at 
ordinary temperatures, in clear, monoclimc crys 
tals , these melt at c 34°, leaving Na2COs H2O 
(Schindler, Mag Pharm 33, 14) , according to 
Thomsen [B 11, 2042) the residue is 
Na COj 2H2O but this gives up another H2O in 
the air Crystals of Na2C03 IOH2O effloresce in 
air, at 12 5^ they give the hydiate with 6H2O , 
and at 38° in vacuo, or over CaCl2, the hy- 
drate NajCO, H^O (Watson, P M 12, 130) 
Dissolve in water with disappearance of heat 
[NaWnOH 0,Aq]= -16,100 {Th 3,198) 

(2) NajCOg I6H2O (Jacquelam, A Ch [3] 
32, 205) Crystalhses from cone solutions of 
Na^CO,at -20° 

(3) NaC03 7H20 (Lowel, A Ch [3] 33, 
363 , Rammelsberg , Marignac, Ann M [5] 
12, 55) Crystallises from hot saturated solu 
tions by cooling in closed vessels , if air has en- 
trance the lOH O hydrate forms Said to crys- 
tallise in two modifications, rhombohedra and 
rhombic tables, with different solubilities 

(4) Na^CO, 6H2O , crystallises from NajSAq 
standing m air also from NaClAq mixed with 
K^COaAq (Mitscherlich, P 8, 441) 

(5) Na^COg , crystallises at tempera- 
tures over 33'^ from molten Na^CO, lOHjO (Ber- 
zelius, P 32, 803) , also by the efflorescence of 
Na2C03 lOH^O at 12 5° 

(6) Na^COg 2H O , melting NajCOg lOH^O at 
34° (Thomsen) , [Na CO» 2H 0,Aq] = 20 

(7) Na^COg ]^0 , from hot saturated solu 
tions of Na^COs, or from hot solutions of 
Na^COg lOHjO , separates from boiling solu- 
tions , also produced by efflorescence of some of 
the hydrates with more H O (Mangnao, Ann M 
[6] 12 56 , Haidmger, P 5, 369) 

[NaW^ H"0,Aq] = 2,250 {Th ) 

II Sodium hydrogen carbonate , NaHCO, 
{Bicarbonateeof soda) Formation — 1 By pass- 
ing NH, into NaClAq, and then decomposmg by 
CO2 under pressure , 

NHg + NaClAq + CO2 + H2O = 

NaHCO, + NH^ClAq (Ammonia soda process) — 2 
By reaction between soda crystals in solution 
and commercial NH4 carbonate — 3 By reaction 
between CO2 and effloresced soda crystals, or a 
mixture of 1 part crystallised and 3 parts dry 
NajCOg —4 By passing CO^ into NaaCO^Aq as 
long as it 18 absorbed (1 part NajCO, in 2 parts 
H^O) (L Meyer, A Supplhd 2, 170 , Berzelius, 
P 16, 434 , Mohr A 19, 15 , 29, 268) Proper- 
ties and Reactions — White monoclmio tables , 
alkaline taste, changes moist red litmus to blue, 
but has no action on colour of turmeric papei 
In moist air readily goes to Na2C03 araq When 
heated gives off COj and II2O , solution decom- 
posed on boiling (Rose, P 34, 158) S 8 8 at 
10°, 14 64 at 70° (Poggiale, A Ch [3] 8,468, 
also Dibbits, J pr [2] 10, 417) 

III Sesquicarbonate Na4H,(00,), 8H,0 
( ■= NajCO, 2NaHCO, SHoO) Occurs native , 
S G 2 112 Prepared (1) by heatmg NaHCO, to 
200° (Hermann, J pr 26, 812) , (2) by evapo* 
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rating solntions of NaHCO, tn vacuo over 
HjSOi , (8) by melting together the two carbon 
ates, m tne ratio Na^CO, lOH^O 2NaHCO„ and 
standing m air till mass becomes crystalline, 
when it contains crystals of the sesqmcarbonate , 
(4) by pouring alcohol on to a mixture of 
Na^COjAq and NaHCOs, salt separates in 
fine needles (Winkler, B P 48, 216) Mono 
clinic crystals , non efflorescent in air, goes to 
Na^COj at red heat , aqueous solution tn vacuo 
over H38O4 gives NajCO, and NaHCO, (Bose, P 
84,100) 8 12 68 at 0° , 41 59 at 100° (Poggiale) 

IV Double Salts Sodium potassium 
carbonates 

(1) NaKCOa OHjO , monoclinio crystals, 
unchanged in dry air, eflSoresoes in moist air , 
by evaporating solution of equal equivalents of 
the constituent salts, and crystallising from 
K,CO,Aq At 100° loses OH^O S 186 at 15° 
(Marignac, C B 45, 650, Marguerite, A 66, 
220 , Stolba, Bl [2] 4, 192, 7, 241) 

(2) 2Na2COj K^COg ISHp , from mother 
liquor from which K^Fe(CN )a has crystallised out 
May be crystallised from KjCOjAq (Marguerite) 

Sodium calcium cakbonatb 
NajCOg CaCOg 5HjO , occurs native as Gay 
Lussxte , obtained, in microscopic monochnic 
crystals, by reaction between freshly ppd CaCO, 
and cone Na2C09Aq at ordmary temperature 
When dry this compound is decomposed by 
water (Fntzsche, / pr 93, 339 , Boussingault, 
P 7, 97 , H Bose, P 93, 606) 

Strontium carbonate SrCOg S G (pp ) 
» 3 62 S (cold or hot) = 0003 (Bineau, C B 
41, 509) S (cold) = 005 (Fresenms) solubility 
diminished by NHAq or (NHJjCOgAq S (10° in 
satd COjAq) = 12 (Lassaigne) Occurs native as 
strontxamte Crystals of trimetric system, isomor 
phous with arragonite and withente Prepared by 
ppn with an alkaline carbonate as a smooth white 
substance , m form of strontianite, by crystal 
lising amorphous carbonate from fused KCl and 
NaCl (Bourgeois, Bl [2] 37, 447) Heated in 
closed vessel COj given off only at about white 
heat, but m aqueous vapour SrH^Oj is formed 
at a much lower temp Alkaline sulphates in 
solution do not decompose it at an y temperature 
(Hose, P 95, 284) Ammonium blonde solu 
tion boiled with it converts it into SrCL, 

Thallium carbonate Tl^CO, 8 G (fused) 
7 06 (Lamy) S (15 5°) -4 02, (60°) =.11 7, 
(100°) = 27 21 M P c 272° (Camelley, C J 83, 
276) Formed by exposure of T1 m a saturated 
solution of TL^O to air Prepared by allowing 
granulated metal to oxidise in warm air, boiling 
with water containing excess (NHJ^COs 
filtering TljCO, is deposited in groups of prisms 
(Miller, Pr 14, 555), which are brilliant, highly 
refractive, very heavy, anhydrous, colourless, 
melting, undecomposed, much below redness to 
clear liquid which sohdifies to dark grey mass, 
and at red heat decomposes evolving COj Taste 
mildly caustic and metallic Solution has alka- 
line reaction not completely removed by super- 
saturation with CO, (Crookes , Werther, J 1864 
249) 

Thorium carbonate Th(00,),.3ThH404 2H,0 
Alkahne carbonates throw down a basic salt 
with evolution of CO, Moist ThH404 absorbs CO, 
from air ThO, is not sol in water containing 
CO, (Bersehos) Salt of above formula obtained 


as an amorphous pp by treating hydrate sut* 
pended in water with CO^, or by ppg solution 
of ThCl4 with an alkahne carbonate 

Tin carbonates SnCO, SnO , by adding 
solid SnCl^to cone NojCOgAq m absence of air 
very unstable If (NHJ^COaAq »s used hexa 
gonal prisms of (NHJ^O 2SnO SCO^ are 

said to be formed (Deville, A Ch [3] 86, 448) 
Uranium carbonates have not been isolated 
Alkahne carbonates ppt uranous hydrate from 
UCI4, a basic sulphate from 11(804)2, double 
carbonates from manic salts 
Uranyl ammonium carbonate 
(XJ02)COg 2(NH4)2COg 8 - 6 at 15° , increased 
by (NH4)2COg Prepared, m small yellow trans 
parent crystals, by digesting in (NHJjCOgAq 
at b0°-80° the pp produced by NHgAq or 
(NHJ^COgAq from ur».iio salts, filtering, and 
allowing to cool Decomposed slowly at ordmary, 
more quickly at higher, tei^i^ps leaving UO, , 
solution boiled evolves NH, and CO^, and 
deposits yellow pp ,containi ig uranmm.of doubt 
ful composition (Aifiedson, Peligot , Ebelmen, 
A Ch [8] 6, 189 , Delffs, P 55, 229) 

Uranyl potassium carbonate 
(U02)C03 2K^CO, S = 7 4 at 16°, insol in alco 
hoi Prepared, as a bright yellow crys^illme 
crust, by dissolving in KHCOgAq the pp formed 
from uranic salts by KjCOgAq, apd evaporating 
At 300° evolves CO,, at red heat leaves mixture 
of K uranate and carbonate KOHAq pps ah 
the U as K uranate, even in presence of excess 
of K,GO, 

Uranyl sodium carbonate 
(1102)003 2Na^C03 Preparation and properties 
similar to E salt Two Ca salts, 

(1) (U02)C03 CaCOg 10H,O , 

12) (UOJCOg CaCOg 5H,0 , 
occur native (Smith, A 66, 253) 

Yttrium carbonate Y^(COg)g NAjCOgAq 
pps it from yttrium salts with I2H2O in the 
cold, and 2H2O at 100° Not easily decomposed 
by heat , sparingly soluble in water containing 
CO2 Solution in (NH4) COjAq, if concentrated, 
deposits a white crystalline double salt which 
does not redissolve in (NH4)2COjAq , also soluble 
m KoCO, and NaaCOgAq (Berzelius) 

Zmo oarbeoate ZnCO, Occurs as calam 
me Not obtained by precipitation Pp 
formed by KHCOgAq in ZnS04Aq is 
2ZnCO, SZnOgH, (Berzelius) ZnCO, unaltered 
at 200° , slowly evolves CO, at 300° (Bose) 
Hydrocarbonates Native hydrocar- 
bonates are (1) sine bloom ZnO ZnCO, SZnHjO, 
(Berzelius), or ZnCO, 2ZnH2024aq (Smithson a 
Borndorff, Om 6, 16) (2) AuricalciU or green 
calamine 2ZnCO, SZnHjO,, in which Zn is 
partly replaced by Cu (3) Buratite, a hydro- 
carbonate containing Cu and Ca. 

The pps formed by alkahne carbonates m 
solutions of zme salts all appear to contain 
water, and to vary in composition with strength, 
temperature, and proportions, of solutions For 
results obtained under varying conditions, v 
Bose (P. 85, 107), Schindler a Boussingault 
(Om 1, 16) They all evolve CO, and H,0 at 
200°, yielding ZnO (Bose) 

Ammomo carbonate of tine (NH,Zn)0O|. 
Deposited in crystals from a solution of ppa 
zmo carbonate m oonc (NH4),CO,Aq (Favre, 
Tra%Ud€ CAimie,Pelouze etFr^my, Znded. 8,47). 
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Zinc-potassium carbonate 
8ZnCO, 8K2CO, TH^O (?) Crystallises from a 
solution of ZnClj mixed with K sesquicarbonate 
(Deville, A Ch [3] 82, 76) 

Zinc aTid sodium carbonate 
8ZnCOj SNa^COa (?) Small crystals, obtained 
as potassium salt (Deville) 

Ziroonium oaroonate Excess of alkaline 
carbonate solution produces a pp in solutions 
of Zr salt^ soluble in Na^(orBL,)C08Aq Com 
position seems to be variable (Hermann, Klap 
roth, Vauquelm) 

Thio carbonic acid HjCSa Mol w un 
known A dark yellow very strongly smelling 
oil, obtained by adding cold dilute HClAq to 
K^CS, or Na^CS, , very easily decomposed, by 
heating, to CSj andH^S (Zeise, S 41, 106 , Ber 
zeliuS, P 6, 450) » 

Thio carbonates The6e salts have the 
composition M^CSj^ or MCS„ when M2= Nrj <fec , 
and M « Ca &o A few basic salts are also 
1 nown The comp>sition of the salts of the 
alkali and alkaline earth metals has been de 
termined , several other thio carbonates seem 
to be produced in the reactions between solu- 
tions of metallic salts and K^CbjAq or 
Na CR,Aq, but the composition of very few of 
these thio carbonates of the heavy metals has 
been determined Thio carbonates are formed 
by reactions between CSj and aqueous solutions 
0f the monosulphides of the alkali and alkaline 
earth metals, M^S and MS By using MOHAq 
and CSjt thio carbonates and carbonates are 
formed simultaneously, with MO^H-Aq and CS2 
(M = Ca,Ba,Sr) basic thio carbonates are formed, 
e g CaCSg iCaOjHj GH^O NH,Aq reacts with 
CS2 to form (NHJ CS, and (NH,)CNS (G61is, J 
18G1 340) The thio carbonates are yellow, 

red yellow, brown, or black, solids , the hydrated 
salts Rite yellow The salts of the alkali and 
alkaline earth metals are soluble in water , 
those of the heavy metals are more or less solu- 
ble in excess of MjCSjAq (M = Na &c ) The 
thio carbonates are not very stable , those of 
the heavy metals easily decompose to metallic 
sulphide and (^82 , cone solutions of the alkali 
salts change to and alkali carbonates when 
boiled, dilute solutions decompose by standing 
in air to carbonates and S Heated alone, most 
of them give metallic sulphide and CSj , K^CS, 
gives K,S, and C The thio carbonates have 
l^cn chiefly investigated by Zeise (-S 41,105) , 
Berzelius (P 6,450), Walker (C N 30, 28), 
Sestini {G 1871 473 , B 6, 327) , Gclis (/ Ph 
[3] 39, 95, C R 81, 282) , P Th6nard (C R 
79, 673) , Husemann {A 123, 67) , Mermet 
(C R 81, 844) 

Ammonium thiooarbonate (NH^)2CS, Pre 
pared by mixing a saturated alcoholic solution 
of NH, with ^ its vol CSj, cooling after the 
liquid has become brown, pouring off hquid, 
and washmg the crystals several times with 
alcohol, then with ether, and pressing between 
paper (Zeise) Yellow crystals, v sol in water, 
insol m alcohol or ether , may be sublimed in 
dry air by gentle warming , very hygroscopic 
Aqueous solution heated to 90°-100° evolves 
H^S, and NH^CNSAq remains (G6I18) 

Barium thiocarbonate BaCS, By shaking 
BaSAq with OS3, washing with alcohol, and 
drying tn vacuo 


Calcium thiooarbonate CaCS, By digesting 
CaS with excess of CS„ and evaporating in vacuo 
Citron yellow , sol in alcohol or water , milk 
of hme shaken with CSs gives an orange red pp 
of CaCSj 2Ca02H2 6H2O, and this at 30° gives 
red liquid from which red crystals of 
CaCSg 3Ca02H2 7H2O separate (Walker, Sestmi) 
Potassium thiooarbonate K^CS, When 
K 8Aq 19 digested with CSj at 30° in a closed 
vessel, or CS, is dissolved in a cone alcoholic 
solution of K^S, yellow deliquescent crystals 
separate , dried at 60°-80° these give K^CS,, a 
red brown solid , v sol m water, si sol in 
alcohol 

The other thiocarbonates which have been 
fairly well examined and analysed are those of 
Lithium, Magnesium, Sodium, and Strontium 
Thiocarbonates of Bi, Cd, Cr, Co, Au, Fe, Pb, 
Mn, Hg, Ni, Pt, Ag, Sn, Zn, seem also to be 
formed by adding the solution of an alkali thio 
carbonate to a solution of a salt of each of these 
metals M M P M 

CABBONIC AKHYBBIDE CO3 v Carbon, 

OXIDES OF 

CAHBOM TETRA-CHLOBJDE v supra and 
Tetra chloro methane 

CAEBONIC ETHEES There are three 
classes of carbonic ethers viz acid ethers 
CO(OB)(OH), normal ethers CO(OK)2, and 
ethers of ortho carbonic acid C(OB)4 In these 
formulsB R may be any alkyl They are de- 
scribed as salts of the alkyl e g Ethyl car- 
bonate, Methyl carbonate. Phenyl carbonate, 
&c 

Orthooarbonio ethers are formed by the 
action of sodium alcoholates on chloropicrin 
(Williamson a Basset, A 132, 54) They are 
converted by ammonia into guanidine 
Normal carbonic ethers 
Formation — 1 From alkyl iodides and 
silver carbonate (de Clermont, A 91, 375) — 
2 By the action of Na, h, solid NaOEt (i mol ) 
or KOEt (I mol), upon alkyl oxalates (1 mol) 
(Ettlmg, A 19, 17 , Lowig a Weidmann, A 36, 
301, Geuther, Z 1808,656, Cranston a Bitt- 
mar, Z 1870, 4) — 3 By the action of alkyl 
chloroformatfs upon sodium alcoholates, e g 
Cl CO OEt + NaOMe = NaCl + MeO CO OEt 
(Roese, A 205, 240) The mixed ether prepared 
from ethyl chloroformate and sodium methylate 
IS identical with that from methyl chloroformate 
and sodium ethylate — 4 From COClj and sodium 
alcoholates 

Properties — The boiling points and specific 
gravities of the fatty carbonic ethers are aa 
follows (Roese, A 205, 244) — 


Ether 

Boiling point 

aa 

Me^CO, 

90 6° 

1 065 at 17® 

MeEtCO, 

109 2= 

1 00 at 27° 

EtCOs 

125° 

97 

MePrCO, 

130 8° 

98 at 27° 

PrjCO, 

168 2° 

96 at 17° 

Me(PrCH2)CO, 

143 6° 

95 at 27° 

Et(PrCH2)CO, 

160 1° 

93 at 27° 

(PrCH2),CO, 

190 3° 

92 at 15° 

Et(0,H„)CO. 

182 3° 

92 at 27° 

(0,H,.)2C0, 

228 7"" 

91 at 16° 
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Beachons — 1 Ammonia converts the ethers 
E^COj into oarbamio ethers, and finally into 
urea —2 PCI, forms chloroformio ethers In 
mixed ethers BR'CC, the alkyl which is con- 
verted into chloride is the smaller of the two 
Et(C,H„)CO, + PCI, = EtCl + C1C0AH„ + POCl, 
The amides of the chloroformates, which may be 
regarded as half chloride half amide of carbonic 
acid (carbamic chlorides), are obtained by the 
action of COCl^ upon the hydrochlorides of 
amines, e g COCl^ + NEtlL, = COCl(NEtH) + HCl 
(Gattermann a Schmidt, B 20, 118) cf Chloro- 
roRMio ACID — 3 When an alkyl carbonate is 
heated with an alcohol containing a heavier 
alkyl, the heavy alkyl displaces the light one (R ) 
Chloro inudo - oarbonie ethers CIN C( 0 R )2 
These are formed by leadmg chlorine into a 
cooled solution of NaOH and KCN in an 
alcohol (Sandmeyer, B 19, 862) They are 
crystalline, and converted by dilute acids or by 
aqueous into the corresponding carbonic 

ethers Aqueous potassium arsenite reduces 
them to imido carbonic ethers {cf Chloro imido 

CARBONIC ethers) 

Imido oarbomo ethers HN C(OR), Prepared 
as above, are alkaline liquids, readily decom- 
posed by aqueous acids into NH, and carbonic 
ethers {cf Imido carbonic ethers) 

CAEBO-DI-KICOTINIC ACID v Pyridine 
TRI CARBOXYLIC ACID 

CARBONIC OXIDE Name usually given to 
CO, V Carbon, oxides or 

CARBONIC - OXIDE - POTASSIUM t; po 
tassium salt of Hexa oxy benzene 

CARBONOUS OXIDE CO, v Carbon, oxides op 
CARBON TETRA IODIDE v Tetra iodo- 

METHANE 

CAEBONPIMELIC ACID v tso Pentane tri 

CARBOXYLIC ACID 

CARBONYL The divalent radicle CO 
When attached to two carbon atoms the product 
IS a ketone, when attached to one carbon atom 
and to hydroxyl the compound is a carboxylic 
acid , when attached to one carbon atom and 
to one hydrogen atom the product is an aldehyde 
Two or three carbonyls attached to CH render 
the hydrogen displaceable by m^^tals Many 
carbonyl derivatives of amido compounds are 
described under the amido compounds from 
which they are formed by the action of COCU 
CARBONYL -DI m- AMIDO -DI BENZOIC 

ACID V Dl PHENYL UREA DI VI CARBOXYLIC ACID 

CARBONYL AMIDO PHENOL v Anhy 
dmde of Oxy phenyl carbamic acid 

CARBONYL BROMIDE v Carbon, oxy bro- 

MIDB OP 

CARBONYL DI BIURET v Biuret 
CARBONYL CARBAMIC ETHER C,H,NO, 
te CO N CO OEt or (C,H,NO,), Carhoxethyl 
cyanate or cyanurate [119°] Formed % 
the action of chloroformic ether on potassium 
cyanate If dry ether be present a second com 
pound CioHjsNgO, [107°] is also formed Ehom 
bic plates, si sol cold alcohol, v sol CHCl, 
When heated with water to 100° it loses CO, 
forming cyanurio ether Its formula should 
therefore possibly be trebled The compound 
C„H„N,0, when distilled with water behaves 
siinilarly (Wurtz a. Henniger, C B 100, U19, 
A Cft. ^6] 7, 132). 


Compounds with cyanic ether 
{a) C,„H„N,0, or (CO NCO^t)(CO NEt)* 
[107°] i ormed as above, or together with car 
boxy carbamic (imido diformic) ether r50°], 
(226°) when the ether is wet Needles, which 
lose COj on heating, yielding cyanunc ether 
(W a H) 

(b) C„H„NA (CO N CO;Et),(CONEt) 
[123°] Formed together with imido diformic 
ether when KCNO acts on an aqueous ethereal 
solution of chloroformic ether for a long time 
On distilling it forms cyanunc ethei (W a H ) 
CARBONYL CHLORIDE v Carbon, oxychlo- 
ride OF 

CARBONYL GUANIDINE v Amido dicyanio 

ACID 

CARBONYL DI-PHENYLENE v Diphenyl 

ENE KETONE 

CARBONYL-DI-PHENYL OXIDE v Di 

PHENYLENE KETONF OXIDE 

CARBONYL-PYRROLE CAN,Oi« 
®‘^<NCh' D'-M’-oluna [63°] (o 238°) 

Formed, together with di P 3 rryl ketone, by the 
action of carbonyl chloride upon pyrrol- 
potassium (Ciamician a Magnaghi, B 18, 414 , 
1829) Large monoclinic crystals, a b c 
= 1 1688 1 7180 V Bol alcohol and ether, 
insol water Ly beating to 250° it is trans 
formed into a mixture of pyrroyl pyrrol 
CA 4 N CO CjHjNH and di pyrryl - keton 
C 0 (C,H,NH) 2 . 

CARBONYL SULPHIDE v Carbon, oxysul 
phede op 

CARBONYL-UREA V Urea 
CARBOPETROCENE v Petrocene 
CARBO - DIPflENYLENE v Dii henylene 
ketone 

CARBO-DIPBGENYLIMIDE v Di phbntl 

CYANAMIDE ' 

CARBO TRI PHENYL TRIAMINE v Di- 

PHFNYL AMIDO BENZAMIDINE 

CARBO PHENYL TOLYL-IMIDE v Phenyi, 

TOLYL CYANAMIDE 

CARBO DI PROPYL DI PHENYL IMIDE v 

Di propyl DI PHFNYL CYANAMIDE 

CARBO PYRIDENIC ACIDS v Pyridine 

CARBOXYLIC kCTDB 

CARBO-PYROTRITARIC ACID v Di methyl- 

PURFDRANE CARBOXYLIC ACID 

CARBO PYRROLIC ACID v. Pyrrol car- 
boxylic ACID 

CARBO PYRROLYL FORMIC ACID v. 

Pyrryl glyoxylic acid 

yCB. CH 

CARBOSTYEIL C,H,NO i e CgH,<r | or 
\NH CO 

/CH CH 

CgH.^ I Lactam or lactim of o- 

\n= C{OH) 

amido cinnamic acid {By 8) Oxy-guinoline 
[199°] 

Farmatvon — 1 By boiling 0 amido cmnamio 
acid with HClAq (Chiozza, G B 34, 698 , A 83, 
117 , Tiemann a Oppermann, B 13, 2070) — 2 
Obtained by reducmg tri chloro oxy quinoline 
with HI (Botheit, J pr [2] 29, 300) 

Preparation — o Nitro cmnamio ether 19 
heated with alcohoho (NHJjS to 100° under 
pressure, the solution is evaporated to dryness, 
taken up with NaOH and the oarbostynl ppiL 
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by CO3 (Friedlander a. Ostermeyer, B 14, 
1916) 

Pf operties — Prisma (from alcohol) , or long 
tliin threads (containing aq) from dilute aqueous 
solution May be sublimed V si sol cold, 
V sol hot, water Sol alcohol and ether 
Alkaline KMnO^ oxidises it to isatin and oxal 
Dxyl amido benzoic acid (carbostynlio acid) 
CO^ NH C(0H)2 C0,H [200°] 

Salts — The K and Na salts form easily 
soluble plat»8 The barium salt A'jBa spar- 
ingly soluble plates 

Methyl ether (247°uncor) Colourless 
liquid Smells of oranges 

Ethyl ether [below 0°] (266°) Prepared 
by the action of ethyl iodide on sodium car- 
bostyril, or of alcoholic KOH on chloro quino- 
line Volatile with steam Colourless liquid 
Sweet smell — B'HCl hygroscopic crystals 
Phenyl ether [69°] Sublimable Glis- 
tening plates Sol^ ordinary solvents (Fried 
lander a Ostermayer, B 16, 335) 

Reference — AMiDo^xRBOSXYRtL, Bbomo cxr 
B osTYRiL, (fee Hydrocarbostyril is described 
under Amido phenyl propionic acid Ethyl 
pseudo carbostyril is described as {Py 3, 4) Oxt- 
FTHYL quinoline 

CAVOSfYEIL-CAEBOXYLIC ACID v Oxt- 

QUINOLINK CARBOXYLIC ACID 

CARBOTHIAJDINE CjH.oNjSj Crystals 
which separate on adding CS^ to an alcoholic 
Bomtion of aldehyde ammonia (Redtenbacher a 
Liebig, A 65, 43) Also from aldehyde and 
ammonio thio carbamate (Mulder, A 168, 235) 
Insol water Sol acids 

Reactions — 1 HCl splits it up into aldehyde, 
NH3 and CS2 —2 KMnO, forms H,SO„CO„KCy, 
and acetic acid — 3 HCl and FcjClg forms NH^Cl, 
aldehyde, and NH CS Sj CS N]^ (Guaresohi, 
Q 8, 246, B 11, 1383) 

CABBO-TRI-THIO-HEKABEOMIDE V Hexa 

BROUO DI METHYL TRI SULPHIDE 

0 ABBO - TOLYLENE DI - PHENYL - TETEA- 

MINE V Dl PHENYL TOLYLENE TETRA AMIDO 
MFTHANB 

CAEBO-DI-T#LYL-IMIDE v Di TOLYL OYAN- 

AMIDB 

DICAEBOTHIONIC ETHEE S(C02Et), 
(180°) From ClCOjEt and alcoholic Na^S 
Oil , decomposed by baryta water or alcoholic 
KOH into Et^S and CO^ (V Meyer, B 2, 298) 
CAEBO-VALEETHIALDINE Ci.H^^N^S^. 
[109°] (G ) , [117°] (S ) V D 60 From iso- 
valenc aldehyde (5g ), CSj (3 g ) and aqueous NH, 
(SchrSder, B 4, 469) From isovaleric aide 
hyde and ammonium thio carbamate (Mulder, 
A 168, 237) Colourless needles (from alcohol) 
Fe^Cl, on warming gives the sulphocyanide re 
action KMnO^ forms HCN, H3SO4 and valeric 
acid Fe^Cl, and HCl form m the cold a yellow 
powder (S CSNHj), Carbovaleraldine may there- 
fore be dithiocarbamate of di valeryUdene am 
monium HjN CS SN(CH CH, CHMe,), (Guares 
chi, A 222, 810, G 13, 600) 

CAEBOYINIC ACID is Hydrogen Ethyz* 

CARBONATE {o V ) 

CAEBOXAMIDO - BENZOIC ACID v Di- 

PHENYL UREA DI CARBOXYLIC ACID 

CAEBOXAMIDO - CAEBIMID AMIDO • BEN. 
ZOIC ACID V p 157. 

VoL, I 


^ CAEBOXAMIDO - CYANAMIDO - BENZOYL 

V p 166 

CAEBOXAMIDO-HIPPHEIC ACID v p 164 
CAEBOXAMIDO-o-OXY-BENZOIC ACID 

OijHijN^O, A product of the action of urea on 
amido salicylic acid at 200° (Gness, J pr [2] 
1, 235) Minute needles, v si sol most sol 
vents 

CAEBOXETHYLCYANATB or CYANDEATK 

V Carbonyl carbamio ether 

CAEBOXY-ACETO-GLDTAEIC ACID v 
Methyl propyl ketone tbi oarboxylio acid 
V CAEB0X7 0 - AMIDO- BENZOIC ACID v 

ISATOIO ACID 

y Carboxy m anudo benzoic ether v p 167 
CAEBOXY BENZENE FHOSFHONIC ACID 

COjH CjH^ P0(0H)2 [above 300°] Prepared 
by the oxidation of p toluene phosphonic acid 
C«H,(CH,) P0(0H)3 with KMiiO, Needles or 
tables V sol water, m sol aqueous HCl or 
alcohol On heating to 300° it decomposes, 
giving metaphosphoric and benzoic acids 

Salts — A"Ag, slightly soluble pp — 
A "HjKaq fine needles sol water, si sol alco- 
hol — A'"2H^K long prisms si sol water 

C;iZorttieC«H,(COCl)(POCg [83°] (315°) 
Colourless crystals Heated with PCI4 it gives 
p chlorobenzoyl chloride PCI, and POCl, 

Trimethyl ether A'"Me3 thick liquid (Mi 
chaelis a Panek, B 14, 406) 

CAEBOXY BENZOYL ACETIC ACID v Ace- 
tophenone DI CARBOXYLIC ACID, p 37 

CAEBOXY BENZOYL - AMIDO - BENZOIC 
ACID V Phthaloxyl amido benzoic acid 

CAEBOXY BENZOYL ETHENYL TEI-CAE- 
BOXYLIC ACID v Phenyl ethyl ketone tetra- 

CARBOXYLIC ACID 

CAEBOXY BENZOYL FEOFIONIC ACID 

C„H,oO, %6 COgH C A CO C^, CO3H The 
free acid is unstable, but its Na salt is 
formed by dissolving phthalyl propionic acid m 
NaOHAq (Gabriel a Michael, B 11, 1680) 

o CAEBOXY - BENZYL - ACETO ACETIC 
ETHEE 

C,,H,gOj t e CO^H CeH4 CEE^CHAo CO^t 
[92°] Formed by reducing phthalyl aceto 
acetic ether with zinc dust in glacial acetic acid 
(Bulow, A 23£, 190) Needles , v sol hot 
water, alcohol, ether, and HOAc The ammo 
mum salt melts at [121°] Boilmg baryta- 
water converts it into benzyl acetone o car- 
boxylic acid 

Phenyl hydraeide CaoHjjNjOi [236°] 
Decomposes slowly, forming alcohol and 
C,»H„NA [229°] 

o CAEBOXY BENZYL MALONIQ ACID 

HOjC CeH4CH2.CH(C02H)2 Formed by saponify* 
mg o carboxy benzyl malomc ether (Wishoenns, 
A 242, 37) Prisms V sol hot, si sol cold, 
water Heated to 190° gives off COj and forms 
o carboxy phenyl propiomc acid [166°] 

Salt — A'"Ag, V ^ sol hot water 
D% ethyl ether 

C0jHC«H4CHyCH(C02Et)2. [86°] S 046 at 
17° Formed by redueing phthalyl maloni<» 
ether with acetic acid and zinc (Wishoenus, A 
242, 32) Fme needles Y e sol ether and hot 
alcohol, si sol hot water 

Salts — A'Ag white needles — AHa deli- 
quescent needles Y sol alcohol, msol ether 
Trx ethyl-ether A"^V (260°) at 45 

ZZ 



rofl CARBOXY-CARBAMIC ETHER. 


CARBOXY CARBAMIC RTHKB C«H„N04 

iji NH(CO£t), [50°] (226<^) 

Formation —1 By the action of chlorofomuo 
ether on potassium cyanate in the presence of 
wet ether A second compound C,oH, .O, [107®] , 
insoluble in water, is also formed, while a small 
quahtity of yellow oil [170®] is found in the 
aqueous extract If absolute alcohol be used 
instead of ether, the second compound is not 
formed — 2 Chloroformic ether (^4 gr ) and car 
bamio ether (24 gr ) are heated together at 120® 
Properties — Long prisms It forms biuret 
and alcohol when made with aqueous NHg The 
salt C8H,oN04Ag crystallises in cubes (Wurtz a 
Henniger A Ch [6] 7, 135) 

CAKBOXY CINNAMIC ACID v Cinnamic 


ACID 


CARBOXY-CORNICULABIC ACID 

1 e C A C(C02H) ch CO CH(CO H) C,H, 
I’ormed as a by product in the reduction of 
pulvic acid to dihydrocorniculanc acid It was 
not isolated, but was converted into the lactone 
by means of acetic anhydride 


Carbozy-comicularic lactone 
00 0 CO,H 

or III [215*=] 

C CH 0 C C«H, 

Long felted needles or short prisms In cold 
aqueous NH, or alkaline carbonates it dissolves 
forming salts of the formula 0,^11, but on 
heating it gives salts of carboxy cornicularic 
acid C.gH^OgMj (Spiegel, B 15, 1546) 

CABBOXY-CYANAMIDO-BENZOYLv p 156 
DI-CABBOXY-GLUTACONIC ACID C H.O, 


Proptilene tetracarboxylic acid 

Ethyl ether (CO,Et), CH CH C(CO,Et)2 
(270°-280°) SGI 131 at 15° From its sodium 
salt by HCl Oil, soluble in alcohol or ether 
Boiled with HCl it gives off COj and forms 
glutaconio acid (g; v ) and iso aconitio ether 
NaOH acts similarly Sodium derivative 
(COjEt), CNa CH C(C02Et)j [260°] From 
malomc ether, NaOEt and chloroform (Conrad a 
Guthzeit, A 222,261) 2(C02Et)CNa2 + CHC1,= 
(COjEt)^ CNa CH C(C02Et)3 + 3NaCl Bright 
yellow prisms Insol ether, si sol cold water 
or cold alcohol, v sol hot wafcjr or hot alco 
hoi Gives a violet colour with ferric chloride, 
and pps with metallic salts Sodium amal- 
gam reduces it to dicarhoxy glutaric acidy 
(CO^),CH CHj CH(C0;H)2 [167°] When this 
acid 18 heated it gives off COj, becoming glu- 
tario acid 

Methyl di - carboxy - glutaconic ether — 

Sodium ^ carboxy glutsicomo ether heated with 
alcoholic Mel at 160° forms methyl di carboxy- 
glutaoonio ether, (00^t)2 CMe CH C(C02Et)2, 
an oil, which on saponification gives rise to 
(C02H)2CMe CH C(C02H)2, and this readily splits 
off CO2, forming methyl glutaconic acid, 
CO2H CHMe CH CH CO^H [137°] Methyl glu- 
tacomo acid forms white crystals , v sol water, 
alcohol, or ether 

Bensyl-di carboxy glutaoomo ether 

(CO;Et),C(C;H,) ch C^COjEt),, [78°], IS formed 
in a similar way, using benzyl ohlonde InsoL 
water, v sol hot alcohol, ether, or cone H2SO4 
When saponified by caustic soda it gives off CO2 
carbonic acid and forms benzyl glutacomc acid 
CO^ CH(C,H,) CH CH CO^H, [146®] 


DI-CARBOXY-GLDTABIC ACID v Di cah- 


BOIT GLUTACONIC ACID 

CARBOXYL Oxatyl The monovalent acid 
radicle COH ^ c CO OH Its hydrogen is always 
displaceable by metals, cf Acids 

CARBOXYLIC ACID, so called, v Pi oxv- 

BENZENE DI QUIN ONE 

Di- hydro- carboxylic acid v Tetba oxt- 


QUINONE 

Tn-hydro carboxylic acid v Hexa oxy benz- 


Oxy-carboxylic acid v Benzfne tri quinone 
V CARBOXY-OXAMIC ACID Di ethyl ether 
C,H„NOg4e CO^EtNHCOCOHt [46®] From 
CICO CO^Et and oxamic ether (Saloman, J pr 
[2] 9, 292) Needles (from ethei) , sol water 
and alcohol 

o CARBOXY-PHENOXY-ACETIC ACID 

C^H,(C02 H) 0 ch CC^H Carboxy phenyl gly 
collic acid [187°] Formed by oxidation of 
o aldehydo phenoxy acetic acid with KMnO, 
White needles Sol alcohol, ether, and hot 
water — A' Agj white, sparingly soluble pp 
Di ethyl ether A'Et^ liquid 
Di amide C,H«0(C0NH)2 [158°] Long 

yellow needles, sparingly soluble in ether, benz 
ene, and hot water, v sol chloroform and hot 
alcohol (Bossing, B 17, 2995) 
m Carboxy phenoxy acetic acid 
C«H,(C02H) 0 CH2 CO2H [1 3] .r206®] Prepared 
by oxidation of m aldehydo phenoxy acetic acid 
with KMnO, Needles, v sol alcohol, ether, 
and acetic acid, si sol cold water — A 'Agj crys 
talline (Elkan, B 19, 8044) 

p Carboxy phenoxy acetic acid 
C4H4CO2H) 0 CH2 CO2H [1 4] [278°] Pre 

pared by oxidation of p aldehydo phenoxy acetic 
acid with KMnO^ White needles , v sol alco- 
hol, ether, and acetic acid, more sparingly m 
benzene, chloroform, and ligroin, si sol cold 
water 

Salts — A"Ag2 white sparingly soluble pp 
The Pb, Cu, and Fe salts are sparingly soluble 
pps , the Cu and Ba salts are soluble (Elkan, B, 
19, 3044) 

oCARBOXY PBaiNYL-ACETIC ACID 

C4H4(002H)CH2 CO2H [1 2] Eomophihalic acid, 
Phenyl acetw carboxylic acid Isuvitic acid 
[174°] Formed by saponification of benzyl 
cyanide o carboxylic acid by boiling with dilute 
KOH Colourless crystals V sol alcohol and 
hot water, msol benzene 

Salts— A"Ag2 insoluble amorphous pp — 
A"Ca2aq sparingly soluble crystalline powder 
— A"Ba easily soluble crystals (Wislicenus, B 


18, 173), 

Anhydride CjH 



[141®] , long 


prisms, V sol ether and chloroform Formed 
by the action of acetyl ohlonde on the acid 
Ethyl ether A"Et2 (292°), thick aro 
matio oil (Gabnel, B 20, 2499) 

.CH2 CO 

Imide C4H4<f I di oxy isoqmnoline) 
\C0 NH 

[c 283°] Formed by dry distillation of the 
ammonium salt Short colourless needlce (from 
alcohol or acetic acid) Sublimes in long crys 
tals SI sol alcohol Dissolves in aqneoLS 
caustic alkalis Heated with FOCI, at 160®^. 
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170® it IS converted into di chloro iso quinoline 
.CK, CO 

Methyl imide | [123®], 

\CO NMe 

(314®-318®) , long colourless needles, v sol 
ordinary solvents Dissolves in aqueous alkalis 
Obtained by dry distillation of the methylamme 
salt of the acid By Mel and methyl alcoholic 
KOH at 100° it IS converted into a tri methyl 
• .CMe, CO 

derivative | , [103°], which is 

\CO NMe 

also obtained by methylation of the imide 
(Gabriel, D 19, 1G54, 2354, 2363) The ^m^de 
and methyhmide combine with diazo benzene m 
alkaline solution 

Amic acid C„H^(CO^) CH 2 CONH^ (homo 
phthalamic acid) [187^ , colourless needles 
Formed by slowly warming benzyl cyanide o 
carboxylic acid C«BP 4 (C 02 H) CHa CN with cone 
HaS 04 to 70°, and poig’ing into water 
Amic methyl ether 

C«H 4 (C 02 Me) CHa CONH^ [112°] , crystalline 
solid (Gabriel, B 20, 1203) 

Benzeny-azo-carboxy-phenyl-acetio-imide 

.CH— Na— C,H, 

[260°] Formed by the 

^CO NH CO 


action of diazo IJbnzene chloride upon an alka 
li#e solution of the imide of carboxy phenyl 
acetic acid Orange yellow needles (Gabriel, B 
20, 1205) 

C AKBOXY -PHENYL - BENZ - GLYCOC YAMI- 

DINE V BENZOLYCOCTAaUDINE 

CAEBOXY-PHENYL-GLYCOLLIC ACID v 


Cabboxy phfnoxy acetic acid 

CARBOXY-PHENYL-MALONAMIC ACID 

Ethyl ether COaEt CHj CO NH C^H^ CO^H 
[173°] •A product of the action of malonio 
ether on m amido benzoic acid (Schiff, A 232, 
144 , B 17, 403) Silvery needles When 
heated it breaks up into malonio ether and 
malonyl di amido di benzoic acid 

2COaEt CHa CO NH C^H^ COaH - 
COaEt CHa CO^m + CH2(C0NH C^H^COaH), 
o CARBOXY PHENYL METHYL ACETIC 
ACID 0 «H 4 (C 02 H) CHMe COaH a Methyl homo 
o»phthalic acid Hydrairopic 0 carboxylic acid 
[147°] Formed by heating the imide with fuming 
HCl at 200° Colourless crystalline powder — 
A"Ag 2 cr} stalline pp 

.CHMe CO 

Imide OgH 4 ^ I . 

\C0 NH 


Di oxy methyl isoquinoline [145°] Formed 
by heating o cyano phenyl methyl aceto nitrile 
C«H 4 (CN) CHMe CN with cone HaS 04 at c 130° 
and pouring into water Glistening prisms 
Can be distilled undecomposed Dissolves m 
aqueous alkalis By digestion with alcoholic 
KOH and Mel it is converted into the methyl- 
imide of carboxy phenyl di methyl acetic acid 
.CMea CO 

I . By POCI 3 it 18 converted 
^CO NMe 

into {Py 2 4 l)-di chloro methyl isoquinoline, 
whilst (Py 4 2 1) chloro oxy methyl isoquinoline 
18 formed as a by product (Gabriel, B 20, 2503) 
o Carboxy phenyl di methyl aoetio acid 
C.H4(C0*H) CMej^COjIL Di methyl hotno o- 


phthalic acid [c 123°] Obtained by dissolving 
the anhydride m boiling aqueous NaOH aim 
ppg with HCl On heating it is reconvened 
into the anhydride By distillation with soda 
lime it gives isopropyl benzene — A"Aga orys- 
tallme pp — A^'K^aq plates 

^CMe^— CO 

Anhydride I [86®] 

\CO O 

(312°) at 760 mm Prepared by heating the 
imide or methyhmide with fuming HCl (4 pts ) 
at 210° for 4 or 6 hrs Flat crystals, slowly 
dissolved by aqueous alkalis, forming salts of the 
acid 

.CMeg — CO 

Imide I (di methyl homo- 

\CO NH 

phthahmide) ‘ [120°] , (318°) at 770 ram Pre- 
pared by the action of methyl iodide on a solu- 
tion of the iraide of carboxy phenyl acetic acid 
in methyl alcohoho KOH at 100° Flat needles. 

.CMe^ CO 

Methyl-imide | (tri 

\CO~NMe 

methyl homo phthahmide) [103°] (295°) at 

770 mm boimed by further raethylation of 
the preceding imide or of the methyhmide of 0 - 

.CH, CO 

carboxy phenyl acetic acid CbH 4 ^ | 

\cO NMe 

Long needles Slowly sublimes at 100° V sol 
ordinary solvents, insol alkalis (Gabriel, B 19, 
2363, 20, 1198) 

CARBOXY PHENYL METHYL v m PYRRYL. 
BENZOIC ACID C.^H.^NO. i e 
HO,C C CMev 

I >NC„H 4 C 0 H [210®] Obtained 
HC CPh^ 

by saponification of its mono ethyl ether which 
IS obtained by several days’ standing of an acetic 
acid solution of acetophenone aceto acetic ether 
(1 mol ) and m amido benzoic acid (1 mol ) 
Aggregates of colourless needles Sol ordinary 
solvents except water 

EtO^C C CMev 

Ethyl ether I ^NC^H.CO.H 

^ HC CPh'^ 

[160°] , slender yellow needles (from dilute acetic 
acid) , sol alcohol, ether, &c Its Ca, Ba, Sr, 
and Mg salts are white granular pps (Paal a 
Schneider, B 19, 3162) 

o CARBOXY PHENYL OXAMIC ACID 

C^H^NOj 1 6 C„H4(C02H) NH CO CO^H. [210®] 
S 11 at 10° 

Formation — 1 By heating oxalic acid with 
o amido benzoic acid at 120° — 2 From carbo- 
styril and alkaline KMn 04 (Fnedlander a Oster 
maier, B 14, 1916 , 16, 334) — 3 From acetyl- 
quinoline tetrahydride and cold dilute KMnO^ 
(Hofmann a Konigs, B 16, 734) — 4 From 
cynurin or cynurenio acid and alkaline EMnO. 
(Kretschy, M 4, 166 , 6, 16) —5 Formed by 
oxidation of [Py ) bromo quinoline with KMnO. 
(Claus a ColliBchonn, B 19, 2767) 

Properties — Silvery needles (contaming aq) 
(from water), or geodes (from ether) Decom- 
posed by dilute acids, or by long boilmg, into 
oxahe and amido benzoic acids 

Salts — (NH 4 ) 2 A" minute felted needles — 
KHA"^aq — BaA"aq — BaH,A", aq — CaA"2ia»i. 
CuA^CuO 4aq — Ag^". 

zz% 
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CARBOXY-PIIENYL-OXAMIC ACID 


MonO‘€thyl ether 

C^,(CO«H)NHCOCO^t Ethyl oxalyl an- 
thramlic acid [181°] Felted needles Foimed 
by oxidation of indoxylic ether or mdoxanthio 
ather with CrOg (Baeyer, B 15, 777) 
tri-Carboxy phenyl oxamio acid 
CO^H CO NH C,H 4 CO^ Oxaloxyl amido hen 
eoic acid 

Formation — 1 By boiling an aqueous solu- 
tion of the barium salt of cyano-carbiniido 
amido benzoic acid — 2 By heating (equal inols 
of) m amido benzoic acid and anhydrous oxalic 
acid for an hour at J80° (Gness, B 16, ddC , 18, 
2412) 

Properties — Small white plates V sol hot 
water, m sol alcohol, insol ether — BaA" 2 aq 
Mono ethyl ether 

CO^Et CO NH CgH^ CO^(ethoxal benzamicacid) 
[225°] Formed by boiling m amido benzoic 
acid with oxalic ether (Schiff, A 2d2, 132, B 
17, 402 , G 15, 534) Silky needles (from water 
or alcohol) When heated above 225° it splits up 
into oxalic ether and carboxy phenyl oxamide 
Ainide ether CO,Et CO NH C«H, CONH, 
[191 5°] Got by heating m amido benzamide 
with oxalic ether Gives with aniline the amide 
anihde CO(NHPh)CO NH C^H^CO NH^ [c 310°] 
Anihde ether CO,Et CO NH C«H, CONPhH 
[180°] From m araido benzanilide and oxalic 
ether Satiny needles 

Amic acid CO(NH,)CO NH C„H, CO,H ti 
Phenyl oxamide caeboxilic acid 

CABBOXY PHENYL OXAMIDE v Phenyl 

OXAMIDE CARBOXYLIC ACID 

CABBOXY PHENYL OXY ACETIC ACID v 

Carboxy phlnoxy acetic acid 

0 CABBOXY PHENYL PHENYL - CABBA - 
MATE C„H,(CO,H) 0 CO NHC.H, 

Methyl ether CgH,(CO,Me) 0 CO NHCgHg 
[238°] , long needles , sublimable Formed by 
heating methyl salicylate with phenylcyanate 
(Snape, B 18, 2431) 

m CABBOXY PHENYL PHOSPHOBIC ACID 

C«H,(CO^) 0 P 0 ( 0 H) 2 , [201°] From its chlo 
ride and water Scales, v sol water, alcohol, 
and ether Water at 160° decc^poses it into 
phosphoric and m oxy benzoic amd (Anschutz a 
Moore, A 239, 333) 

Chloride C^H^ClgPOgte 
C,H,(C0C1) 0 PO Cl^ (170°) at 12mm S G 
1 648 From m oxy benzoic acid (1 mol ) and 
PClg (14 mols ) Further treatment with PCl^ 
(1 mol ) produces C 7 H 4 CIJPO 2 (178°) at 11 mm. 
This IS probably C«H 4 (COCl) 0 PCl^, and is con- 
verted by water into 0 «H<(C 02 H) 0 PO(OH)j. 
k further quantity of PCL converts C-H.CLPO, 
into C«H,C1 CCI 3 

0 CABBOXY /3 PHENYL-PBOPIONIC ACID 

HOjC C„H, CH 2 CHa CO 2 H [166°] Formed by 
heating o-carboxy benzyl malonic acid to 190° 
^Wislicenus, A 242, 39, cf Gabriel a Michael, 
B 10, 2204) Pnsms, v sol hot, si soL cold, 

CABBOXY-FHENYL-SEBACAMIC ACID 

CO^HCgH^CONHCgH^CO^H [198°]. From 
Its ether by saponification. Prisms 
Mono-ethyl ether 

COgEt OgH,..CO NH CgH . CO,H [146°] From 
sebacic ether and m amido benzoic acid (Pelhz- 
xan, A. 232, 146 , B 18, 215 , Q 15, 550) 


m CABBOXY-PHENYL-BDCCIBAMIO AaB 

C 2 H 2 (C 05 ,H)C 0 NH C«H^ COgH Bemamsuccmi^ 
acid [223°] Colourless prisms Its ethyl- 
ether is formed, together with di phenyl suocin 
amide di carboxylic acid, by boiling amido- 
benzoic acid with an alcoholic solution of suc- 
cinic ether On heating to its melting point it 
loses H ,.0 and is converted into succmyl amido 

benzoic acid C,H, CO,H [235°] 

Ethyl ether 

C^H (C 02 Et)CO NH C,H, CO,H [174°] , glisten- 
ing plates from water 

Amide G,H,(C 0 NH 2 )C 0 NH CgH, CO^H 
[229°] 

Anihde C 2 H 2 (CONHPh)CO NH C«H, CO, II 
[252°] (Pelhzzari, A 232, 146 , B 18, 214 , Q 
15, 650 , Muretoff, J S 4, 298) 

p Carboxy-phenyl-sucomamic acid 
[4 1 ] CgH,(CO,H) NH CO CH^ CH^ CO,H [22G°] 
irom p tolyl succmimide 'and dilute aqueous 
KMnO, (Michael, B 10, -^77) Needles, si sol 
cold water and cold alcohol Boiling cone 
HClAq gives succinic and p amido benzoio 
acids — AgHA" 

0 CABB0XY-PHENYL-8DLPHUBIC ACID 

CO H CgH, 0 SO 2 OH Salicyl sulphump acid 
Prepared by the action of K 08 0, on a solution 
of salicylic acid in strong KOH By heating 
the K salt to 190° it gives K S 6 j and salicylide 
— A"K Colourless spikes lieadily decomposed 
by dilute acids into salicylic acid and KHBO, 
(Baumann, B 11, 1914) 

m Carboxy-phenyl sulphuric acid 
[3 1] C0;HC«H,0S0 OH Prepared by the 
action of K^S^O, on a solution of m oxj benzoio 
acid in strong KOH — A"K 2 r220°-225° with 
decomposition] , needles, more stable towards 
dilute acids than the 0 ; tho compound , is de- 
composed however at 100 ° * 

p Carboxy-phenyl-sulphuric acid 
[4 1] CO 2 H C«H, 0 SO 2 OH Prepared by the 
action of K 282 O 7 on a solution of p oxybenzoio 
acid m strong KOH — A'^Kj leaflets or tables 
Does not decompose till heated to 260° 

CABBOXY-PBOP Y L-ACETIC ACID v Ethyl- 

BUCCINIO ACID 

CABBOXY - PYBBYL - GLYOXYLIC ACID 

C 4 NH 3 (C 02 H) CO CO 2 H Formed by the oxida 
tion of pyrrylene - di - methyl di - ketone* 
(CH 3 00 ) 2 C 4 H 2 NH, or of pyrryl methyl ketone 
carboxylic acid, with alkaline KMn 04 Crystal • 
line, sol ether, alcohol, and boilmg water, 
msol benzene — A 'Agg yellow pp 

Di-methyl ether A"Me 2 [146°], long 
colourless needles , m sol hot alcohol, si sol 
ether and benzene Potash fusion gives pyrrol 
di carboxyhc acid (Ciamician a Silber, B 
19, 1412, 1957 , O 16, 373, 379) 

CABBOXY-TABTBONIC ACID v Di oxy- 

TARTARIC ACID 

CABBYLO-DIACETONAMINE v p 27 
CABBYLAMIKES v Carbamines 
CABDAMOMS, OIL OF Employed in medi- 
cme as a camunative 

1 From Ceylon The seeds of Elettaria 
ma^or contain 3 6 p 0 of an essential oil which 
consists of a terpene (170°-178°), terpmene, a 
Bohd substance [61°], and terpmeol 

(205°- 220°) The latter is converted by HCl 

into di pentene hydroohlonde, [52°] 
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Rnd by HI into C,oH,«2HI [76°] The terpene 
also gives a hydrochlonde 0,oH,a2HCl [62°J A 
solid tetrabromide could not be got (Weber, A 
238, 98) 

2 From Malabar The oil from Elettaria 
Cat damomum slowly deposits crystals of 
C,„H„3H.jO (Dumas a P61igot, A Ch [2] 67, 
S34) 

CABDOL OjjHgoOa (‘^) An oil, occurring 
with anac^rdic acid {q v ), in the pericarp of 
the cashew nut {Anacardium occidentale) It is 
Bol alcohol and ether It is not volatile, it 
blisters the skin It gives with basic lead 
acetate a pp of C^,H 9(PbAc)O^PbO (Stadeler, 
A 63, 137) Anacaidic acid C„H3o(OH)CO,H 
in alcoholic solution gives with metallic solu- 
tions pps of the salts AgA' — CaA' 2aq — 
BaA^aq — MgA'aq — limmethyl ether is an oil 
(Ruhemann a Skinner, C J 51, 663 , B 20, 
1861) , 

CABICIK An oily substance present in the 
seeds of the Papffw tree {Carica papaya) 
(Peckolt, Ph [3] 10, 343) 

CAEMIKAFHE v Naj hthoquinone 

CAEMINIC ACID C„H,sO,o The colouring 
matter of cochineal winch is obtained from 
insecfb of the genus Coccus, chiefly Coccus 
cacti Cochineal contains only 10 p c colouring 
matter (Pelletitr a Caventou, A Ch [2] 7, 90, 
ft, 255 , Warren de la Rue, A 64, 1, 23 , 
Schutzenberger, A Ch [3] 54, 52 , Schaller, Bl 
[2] 2, 414, M^ne, C B 68, 6G6, Dieterich, 
C C 1867, 287, Liebermann, B 18, 1969) 
The lead salt is ppd on adding lead acetate to 
an aqueous infusion of cochineal , by this means 
the quantity of colouring matter in cochineal 
may be estimated Carmine, a red pigment 
prepared from cochineal, appears to be a com 
pound of carminio acid with alumina, lime, and 
some organic acid Cochineal also contains a 
fat (in which are ethers of myristio acid, of 
CnHjgOj and of C,2H2202 and a waxy substance, 
coccerin (Raimann, M 6, 891, Liebermann, B 
19, 328) 

Properties Purple mass, sol water and 
alcohol, si sol ether Its solution forms red 
pps with the alkaline earths and with acetates 
pf Pb, Zn, Cu, and Ag Alum and NajCO, give 
the aluminium lake 

Reactions — 1 Boihng dilute H SO^ forms 
• carmine red ’ and a sugar CaHijO^ (Hlasiwetz a 
Grabowski, A 141, 329) According to Lieber 
mann the formation of sugar is questionable — 
2 Potash fusion gives coccinm, oxalic acid, and 
succinic acid (Ha G ) —3 Cone H SO^ at 
ISO"^ forms a compound CjjHjoO,, and ruficoccin 
Ci^HjoOrt (Liebermann a Dorp, A 163, 105) — 
4 HNO, forms nitro - coccic acid 
C8H5(N02)80, — 6 By distillation with zinc dust 
a small quantity of a solid hydrocaibon C,„H,2 
IS produced, this forms plates melting at [187°] 
(Furth, B 16, 2169) 

Balts — NajA" — KjA" a:aq — BaA" xaq 

Coooinin C,4H,205 Prepared as above 
Yellow lammsB (from alcohol) , insol water, v 
Bol alcohol, si sol ether Sol alkalis The 
alkaline solutions are yellow and absorb oxygen, 
becoming green and, finally, purple The solu- 
tion in cone H,S04 turns indigo blue on warm 
mg On distillation with zinc dust it yields a 


small quantity of a hydrocarbon 0,nH,2 which 
forms plates melting at [187°] — C,4H,,(NH,)08 

Acetyl derivative Yellow crystals, sol 
alcohol and acetic acid, insol water (Furth, B 
16, 2169) 

Ruficoccin C,gH,oOg Formed as above. 
Brick red powder, si sol waim water and ether, 
m sol alcohol The ethereal solutions fluoresce 
green The alkaline solutions are brown 
Cone H2SO4 forms a violet solution — 
CaC.^HgOe 

Compound CjjHooO,, Black insoluble pow 
der Forms violet solutions in KOHAq and 
cono H2SO4 Both this compound and rufi 
cocoin give [187°] when distilled over 

zinc dust 

Camime red CjjHj-O^ Formed by boiling 
carmmio adid with dilute H^SO^ {v supra) 
Dark purple mass with green lustre, scarlet 
when powdered Alcohol and water form red 
solutions Insol ether Potash fusion forms 
coccinm Water at 200° forms ruficarmine 
CiaHijO* — Salts KaCiiHjoO^ — CaC,,H,oO,a:aq 
— BaOjjHioO^ a;aq — ZnCnHjoO, jcaq — 
Zn(C,,H,,07)2 £caq 

If oarmme red be dissolved in acetic acid, 
and treated with bromine two products are ob- 
tained, named provisionally (a) and (i8) brotno 
carmine The (a) bromo carmine is sparingly 
soluble in acetic acid and separates m crystals 
(yield 10 p c ), whilst the amorphous (i8) bromo- 
carmine remains in solution and is ppd on 
adding water (the yield is 20 p 0 ) 

* (a) Bromo-carmine ’ C,oH4Br40g crystallises 
in colourless needles, [248°J, v sol alkalis By 
boiling with strong aqueous KOH it gives 

* (a) Bromo dioxy carmine,’ so called, 
CjoHgBr Oj, which forms colourless crystals, 
[208°] By its behaviour on etherification it is 
shown to contain one CO^H and one phenolic 
OH group On oxidation with KMn04 it yields 
two bodies — (a) An acid C9HbBr204 which forms 
colourless crystals [244°] By its reactions on 
methylation it is proved to contain one OH 
and COjH group, whence it probably has the 
constitution 0g(CHj)Br2(0H)(CH0)C02H or 
C8H(CH3)Br2^H)CO CO2H —(b) A neutral body 
C9H4Br204, [196°], which by its reactions is 
shown to be a di bromo oxy methyl phthaho 
anhydride CeM:eBr2(0H)C202 0 [1 2 4 3 5 6] 

* (/3) Bromo carmine,’ so called, is the second 
product of the bromination of carmme red, and 
separates in yellow amorphous flocks on adding 
water to the acetic acid bolution It is v sol 
alcohol, acetic acid, Ac , but could not be ob 
tamed in a pure state By boiling with strong 
aqueous KOH it is converted into 

* (j8) Bromo oxy carmine ’ C,,HsBr,04, whicl^ 
forms glistening yellow needles, [232°] It is a 
di basic acid and forms red salts On oxidation 
with KMn04 it yields two bodies —(a) An acid 
OjoH^BrjOfl which forms colourless prisms 
(containing aq), and melts at [230°] with evolu 
tion of OOj. From its reactions it probably has 
the constitution C8MeBr3(OH)(CO H)CO CO^H* 
(b) A neutral body C9H4Br204 identical wnth tha)( 
obtained from the * («) -bromo oxy carmine ’ 
(Will a Leymann, B 18, 3180) 

CARMUFELLIC ACID An acid 

said to be formed by the action of HNO, on the 
aqueous ^;itraqt of cloves. Micaceous scales. 
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inaol alcohol, ether, and cold water (Maspratt 
a Danson, P M [4] 2, 293) 

CABJNTAtlBA WAX Obtained from the leaves 
of Copemicia certfera in Brazil, and largely used 
there for making candles It contains myricy- 
lic alcohol, OjaHanCHpH [86 6°], a hydrocarbon, 
[69°] and compound ethers denved from the 
following alcohols and acids myncyl alcohol , 
an alcohol C^H^,CH OH [76°] , a di hydric 
alcohol C^iH^gifCH^OH)^ [104°] , an isomer 
ide of lignocenc acid, C^jH^^CO H [72 5°] , an 
acid isomeno or identical with cerotic acid 
C^^H^COgH [79°] , and an oxy acid of the 
formula C,pHj8(CH^OH)(CO^H) or its lactone 
[103 5°] The alcohol CjaH^JCH^OH)^ gives on 
oxidation an acid [102 6°] , and 

the oxy-acid C,8H38(CH^OH)(COjH) gives the 
acid 0,8H„(CO,H)2 [90 ] (Stiircke, A 223, 283 , 
cf Lewy, A Ch [3] 13, 438 , Brandes, T 1811, 
261 , Maskelyne, C J 22, 87 , B6rard, Z [2] 4, 
416) The greater part of the wax is myncyl 
cerotate and myncyl alcohol 

CAJtKINE CjHgN^Gj A substance occurring 
in extract of meat, and in the product of boiling 
yeast with water (Weidel, A 168, 353 , Schutz 
enberger, C B 78, 493) Obtained by boiling 
with water the pp thrown down from meat 
extract by lead acetate, the carnine crystallises 
from the evaporated filtrate (Kruckenberg a 
Wagner, C C 1884,107) Crystallises with aq, 
V si sol cold water, insol alcohol and ether 
Bromine water converts it into hypoxanthine 
C,H,N,0 — B'HCl needles — B'^H.PtCl^ 

CABPENE (156°) Obtained, toge 

ther with p cresol, by distilling calcium podo- 
carpate Oil, smelhng of turpentine , resinihes 
in the air Forms an oily compound with bro 
mine (Oudemans, B 6, 1125 , A 170, 252) 
CABROTIN (?) Carrotene The 

colouring matter of the carrot {Daiccus Carota) 
(Wackenroder, Ociger*s Mag 88, 144 , Zeise, 
J pr 40, 297, Husemann, A 117, 200) 
Occurs also as a normal constituent in the 
leaves of plants, and in the tomato (Arnaud, 
C R 102, 1119 , 104, 1293 , Bl [2] 46, 487 , 48, 
64) Inasmuch as no other coloured hydro 
carbon is known, carrotm probfbly contains 
oxygen 

Preparation — The roots are cut up and 
pressed, dried at 80° and extracted with CS^ 
The juice is ppd with lead acetate and the pp 
also extracted with CS^ Carrotm, hydrocarrotin, 
and fat are obtained from the CS^ solutions 
The fat is saponified with alcoholic potash 
Water and BaCl^ are added The pp is dried 
and extracted with acetone On recrystallismg 
from methyl alcohol hydiocarrotm separates out 
first (Reinitzer, M 7, 597) 

Properties — Small red plates, v sol CS^, 
benzene , v si sol absolute alcohol , and less 
Bol 90 p c alcohol Insol Aq Ilapidly absorbs 
oxygen from the air Dissolves m cone H SO^ 
giving a deep blue colour Yields a derivative 
with iodine , this has a deep green 
colour, and metallic lustre Chlorme forms a 
«hloro- derivative [120°] 

Hydrocarrotin C^H„0 (?) [138°] 

—87 4° m CHC4 at -8 4° Prepared as above 
Greatly resembles oholestenn Colourless, insoL 
water v sol alcohol, acetone ether, CHCl, 
and CSg. Crystallises from acetone m long 


needles, and from methyl alcohol in plates con- 
taining water Resembles Liebermann’s choles- 
tol and Hesse’s cupreol but differs from phy 
tosterm (Reinitzer, M 7, 597) 

Acetyl derivative[12S'^] , coloured green 
by EL^S04, and rose by addition of chloroform 
Benzoyl derivative [146°] 

CABTHAMIN Ci^HjgOy The colouring 
matter of safflower tmciorius) (Chev 

reul , Schlieper, A 58 362) Wash^ safflower 
18 treated with aqueous Na^^COj, acetic acid is 
added and pieces of cotton are put m The 
carthamine that has been taken up by the 
cotton IS subsequently dissolved off it by aqueous 
Na^COg, and ppd by citric acid Powder with 
red lustre ^from alcohol) , si sol water, insol 
ether, v sol alcohol Its alcoholic solution is 
purple Decomposed by boiling with water or 
alkalis Potash fusion gives oxalic and p oxy 
benzoic acids (Malm, A 136, 117) 

CABVACBOL C,oH„0 le C8H3MePr(OH) 
[14 2] Cymenol Mol w 1^3 [c 0°] (237°iV) 
S G 986 1 5252 H F p 68,181 

C,0 ) - 94,000 , (H ,0) = 69,000) (Stohmann, 
pr [2] 34, 319) Occurs in the essential oil 
of Origanum hirtum and, together with cymene 
and a terpene, m oil of Satureja hortensi^ and 
S montana , m oil of mint and of Thymus 
Scrpyllum (Jahns, Ar Ph [3] 16, 277 , B 15, 
816 , Haller, Bl [2] 37, 411 , (5 B 94, 132 , 
Beyer, Ar Ph [3] 21, 283) 

Formation — 1 By boiling carvol (50 pts ) 
diluted with oil of caraway (60 pts ) with glacial 
phosphoric acid (12 pts ) for 3 or 4 houis (Lustig, 
B 19, 11 , cf Volckel, A 35, 308 , 85, 246 , 
Kekule a Fleischer, B 6, 1088 , Kreysler, B 18, 
1704) — 2 From camphor (6 pts ) by boiling with 
iodine (1 pt ) (Kekule a Fleischer, B 6, 934 , 
cf Claus, J pr 25, 264 , Sohweizer, J pr 26, 
118 , A 40, 329) — 3 From bromo camphor and 
ZnCl^ (Schiff, B 13, 1408) — 4 Pure camphor 
cymene is converted into its monosulphonio 
acid and the latter carefully fused with 8 pts 
of KOH (Jacobsen, B 11, 1060 , cf Pott, B 2, 
121 , H Muller, B 2, 130) 

Properties — Oil Fe^Clg cofcurs its aloo 
hohe solution green 

Reactions — 1 On fusing with KOH iso- 
oxycummic acid CaH3(CO^H)(OH)C8Hj [1 2 4] i(t 
fiist formed and finally oxy terephthalic acid is 
produced {B 11, 1060) — 2 PjSj gives cymene 
and thio carvacrol CjoHi^S — 3 P^O^^ forms 
cresol and propylene — 4 Fe^Cla gives di carva 
ciol — 6 PClj forms chloro cymene — 6 Diazo 
benzene forms C8H^MePr(OH) C^Hj [80°-86°] 
and C,HMePr(OH)(N,C«H,)a [126°] (Mazzara, 
O 16, 214) — 7 Chloro acetic acid in presence 
of an alkali forms carvacryl glycollio acid 
C.oHj^O CH, CO^H — 8 H^S04 forms one or two 
Bulphonic acids of the form C8H_jMePr(OH) SOjH 
According to Jahns one only is formed, its salts 
being KA'aq — AgA'2aq — BaA'^Saq B 12 6 
at 16° — MgA'j 12aq 

Sodium salt — C,oH,jONa white crystal- 
Ime powder 

Methyl ether C.oH.jOMe (217°) SG 
® 954 (Paterno a Pisati, B 8, 71 , G 5, 13) 
Forms with H2SO4 two acids C,oHj2(S03H)(OMe) 
whose Ba salts are BaA'^ 3^aq v si sol water, 
and BaA'a 6aq, v sol water 

Ethyl ether Ci,Hj,OEt (235°), oil having 
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in odour of carrots (Lustig, B 19, 11 , <? C 
1881, 787) 

Acetyl derivative C,oH„OAc (246°) 
S G ^1011, colourless liquid heavier than 
water 

Benzoyl derivative C,oH„OBz (above 
260°) , thick odouiless oil 

Dicarvacrol [164°] Formed by 

the action of neutral Fe Clg on carvacrol 
(Dianm, R 14, 141) Thin silky needles 
(from dilute alcohol) , insol water, v sol alco- 
hol and ether 

0 CAEVACROTIC ACID 0,„H„(0H)C0,H 
Oxy cymene carboxylic acid [136°] Prepared 
by passing COj over heated sodium carvacrol 
White silky needles Sublimable V sol hot 
K^ater, alcohol, and ether, nearly insol cold 
watef Alcoholic Fe^Cl^ gives a violet coloura 
tion (Lustig, B 19, 18) 

p Carvacrotio acid C,oH, (OH)CO^H Oxy- 
cymene carboxylic^ acid [80°] Obtained by 

oxidation of carvacro4ic aldehyde (from carvacrol, 
CHCI3, and NaOH) with KMnO^ Long white 
silky needles Can be sublimed and distilled 
with steam V sol hot water, alcohol, and 
ether, nearly insol cold water Green coloura- 
tion with alcoholic Fe^Clg (Lustig, B 19, 16) 
pTiARVACEOTIC ALDEHYDE 
C„H,(CH,)(C,H )(OH)(CHO) [1 4 2 5] (?) Oxy 
aldchydo cymem (0 236°) Formed by heating 
tarvacrol with aqueous NaOH and chloroform 
Oil Volatile with steam (Lustig, B 19, 14) 

An isomeride [96°] has also been described 
as p carvacrotic aldehyde It is left as a resi 
due after distilling off the volatile aldehyde 
with steam White silky flat plates Easily 
soluble in alcohol, ether, and benzene, sparingly 
in hot water, insoluble m cold water (Nord 
mann, B 17, 2632) 

CABVACRYL-AMINE C.oHigNH^ Methyl- 
propyl phenyl-amine (242°) Formed, together 
with di carvacryl amine, by heating carvacrol 
with ammoniacal ZnBrj or ZnCL^ and NH^Br 
or NH,C1 at 350°-360°, yield, 25 to 30 p 0 
Colourless oil, which solidifies at — 16° 
B'^H^Cl2PtCl, •yellow prisms, si sol hot water 
Acetyl derivative C,oH,j NHAc [115°], 
white glistening tables , si sol hot water, v sol 
<warm alcohol 

Benzoyl derivative C,oH„NHBz 
[102°] , flat glistening crystals , nearly insol 
water, si sol cold alcohol, v sol hot alcohol, 
and benzene (Lloyd, B 20, 1261) 

Di-carvacryl-amine (C,oH 8)2NH (344°- 

348°) Formed as above, the yield is 27 to 
40 p 0 Colourless oil V sol alcohol, ether, 
and benzene Its solution m cone H2SO4 is 
coloured blue by mtrites and nitrates — B'HCl 
—B'AClJPtCl^ 

Acetyl derivative (C,oH,8)2NAc [78°] , 
white glistening scales , v sol hot alcohol and 
ligroin, si sol in the cold (Lloyd, B 20, 1261) 
CARVACRYL GLYCOLLIC ACID i e 

0,oHj,0 CH3 OOjH [140°] From carvacrol, 
chloro acetic acid and potash (Spica, G 10, 346) 
Flat needles — PbA' — AgA' 

Ethyl ether EtA' [c 100°] (289°) 

Amide CigHj.OjNH^* [68°] 
CAEVACEYL-LACTIC ACID C.jHjgO, %e 
0,8H,,0 CMeH COjjH [74°] From carvacrol, 
tt-ohloro propionic acid, and potash (Soichilone, 


Q 12,49) Prisms, V e sol alcohol, ether, and 
chloroform. 

CAEVACEYL MERCAPTAN OjoH^S te 
OgH8MePr(SH) [1 4 2] (286°) SG 998 

From camphor or carvacrol and (Flesch, B 

6,478, Roderburg, B 6,669, Kekul^a Fleischer, 
B 6, 934) Liquid HNO, oxidises it to sulpho- 
toluic acid (Bechler, J pr [2] 8, 168) 

Salts — Hg(C„3HS)2 [109°] (Fittica, A. 
172, 327) — C,yH,8S HgCl — C.oHjsSAg -- 
C,oH„SAgAgN08 

Methyl ether (244°) S G 99 

TRI CARVACRYL PHOSPHATE 
PO(OC,oH ,,)8 [76°] Colourless prisms or tables 
Easily soluble in alcohol, ether, and benzene, more 
sparingly in peti oleum ether Formed by heat- 
ing carvacrol with POCl, , yield, 65-60 p c of the 
theoretical (Krejsler, B 18, 1704) 

CARVACRYL PHOSPHORIC ACID 
CgHsMePr 0 PO3H2 [1 4 2] Formed by the action 
of POClj upon carvacrol, and treatment with 
aqueous K^COg The potassium salt A'K5aq 
forms large silvery plates By alkaline KMnO^ 
it IS oxidised to oxyisopropyl salicylic acid 
C8H,(CMe20H)(0H)C02H[4 2 1] (Heymann a 
Kdnigs, B 19, 8309) 

TETRA CARVACRYL SILICATE Si(OC,oH, 3)4 
(380°-390°) at 118 mm Colourless oil Formed 
by heating carvacrol with S1CI4 , the yield is 
85 p c of the theoretical (Hertkom, B 18, 1694) 
CARVACRYL SULPHURIC ACID 
CgHgMePr 0 S08H[1 4 2] Cumyl sulphuric acid 
The potassium salt is formed by adding potas- 
sium pyrosulphate to a warm solution of car- 
vacrol m aqueous KOH Silvery plates V sol 
water and alcohol By alkaline permanganate 
it 18 oxidised to oxyisopropyl salicylic acid 
C«H8(CMepH)(0H)C02H[4 2 1] (Heymann a 
Konigs, B 19, 3309) 

CAEVENE A terpene present in oil of 
caraway, v Terpenes 

Nitroso carvene v Carvoxim 


CARVEOL C.oH.j OH (219°) Thick fluid 
Formed by reduction of carvol with sodium and 
alcohol With phenyl cyanate it reacts to form 


carveyl phenyl carbamate [84°] (Leuchart, B 
20, 114) . 

CARVEYL PHENYL CARBAMATE 


C,oH,jO CO NPhH [84°] Formed by the action 
of phenyl cyanate upon carveol C,8H,5 OH 
Slender needles V sol hot alcohol, si sol 
ether and hgroin (Leuchart, B 20, 114) 

CARVOL C,„H,,0 (228°) (R Schiff, B 19, 

662) S G ii 9667 (Gladstone, C J 49, 621) , 
21? 9574 (Fluckiger, Ar Ph [3] 22, 861) 

1 5020 (G ) R^ 76 68 (G ) 8 V 190 26 

HFp 48,260 ((0,0^) = 94,000, (H2,0) - 69,000) 
(Stohmann, J pr [2] 34, 322) 

Occurrence — In oil of caraway {oleum ca/rvi) 
together with carvene (173°) (Vdlokel, A 85, 
246) In oil of dill {Anethum graveolens) and of 
mint {Mentha enspa) The carvol in the oils of 
caraway and of dill is dextro rotatory, but tliat 
from oil of mint is lievo rotatory [a]»« —62 46 
at 2° (Beyer, Ar Ph [3J 21, 283) According 
to Fluckiger {Ar Ph [3] 22, 861) the rotatory 
power of carvol is [a]^ = 68 2° 

Properties — Liquid Carvol from all three 
sources forms the same crystalline compound 
(C,oH, 40)2H3S [187°] when HjS is passed into 
its alcoholic solution When prepared from oils 
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Oftraway or of dill this compound is dextro 
rotator^i [o]© * + 6 5° at 20°, but when obtained 
from oil of mint it is Issvo rotatory, [a]D»= — 6 6° 
at 20° Dilute alcohoho KOH in the cold libe- 
rates carvol from this compound Protracted 
treatment with HjS converts carvol in alcoholic 
aolution into the amorphous (C,oH,<S)2H^8 
Reactions — 1 Distillation over solid KOH 
or P2O5 changes carvol into the isomeric carva 
crol (Kekul6 a Fleischer, B 6, 1088) — 2 P^S, 
forms cymene — 3 PjSj gives thio carvacrol 
C,<,H„SH — 4 Distillation over heated zinc dust 
gives C,oH ,8 (173°) and cymene (Arndt, Z [2] 4, 
730 , B 1, 204) — 6 Sodium in alcohol forms 
carveol {q v ) — 6 Dry HCl gas passed into a 
mixture of carvol (1 mol ) and aceto acetic ether 
(1 mol ) forms the compound C,aH25C104 pos 
Bibly C,H,5C1 0(0H) CH(CO CH3) CO,Et [146°] 
Glistening white prisms (Goldschmidt a Kisser, 
B 20, 489) — 7 Hydroxylamine forms the oxim, 
V Cabvoxi&i 

Carvol - phenyl hydrazide N2HC«H5 

[106°] Formed by the action of phenyl hydra 
zme on carvol (Goldschmidt, B 17, 1578) 
Slender white needles Sol hot water 

Carvol ohloro hydride C,oH,3C10 Hydro 
chlorocarvol Oil Formed by leading dry HCl 
into carvol 

Oxim C,oH, 4C1(NOH) [132°] , tables 

Formed by the action of hydroxylamine upon 
carvol -chloro hydride or of HCl upon carvoxim 
Benzoyl oxim C,<,H,5Cl(NOBz) [115°], 
needles (from petroleum spirit) (Goldschmidt a 
Ziirrer, H 18,2220) 

Phenyl - hydrazide C,oHj4Cl(N2HPh) 
[137°] , small white prisms 

Carvol bromo-hydnde CioHuBrO Oil De 
oomposmg at about 50° 

Oxim C,oH,jBr(NOH) [11G°] , prisms 

(from ligroin) 

Phenyl hydrazide C,oH,5Br(N2HPh) 
[119°], slender yellow needles (Goldschmidt a 
Kisser, B 20, 488, 2071) 

Constitution of carvol 

HC— CPr =CH 
Carvol j I 

HC— CMeH-CO « 

IS probably the pseudo form of 
HC-CPr-CH 
Carvacrol | | 

HC— CMe»C(OH) 

(Goldschmidt, B 20, 490) According to Glad 
stone {G J 49, 621) the presence of two pairs 
of douoly hnked atoms of carbon m the mole 
oule of carvol is mdicated by its molecular re 
fraction 

CASVOXIM C,oH ,4 N(0H) Nitroso hesperi 
dene or nitroso canene [71°] Large colourless 
transparent plates Sol acids and alkalis 
Formation —1 By the action of hydroxyl 
amme upon carvol —2 By passing nitrosyl 
chloride mto a methyl aloohohe solution of 
carveney and heating to its melting point the 
crystallme hydrochloride C,oH,eONCl which pre 
oipitates 

Reaclvme — 1 By heating with dilute H^SO^ 
carvol IS regenerated —2 By passmg HCl gas 
mto its methyl-alcohoho solution the oxim of 
carvol ohloro hydride (o supra) is formed 

Hlfdrochioriae B'HCl, white crystalline 


solid , decomposed by water, formed by passing 
HCl into the ethereal solution 

Methyl ether CjoHj^ N(OMe) colourless 
fluid 

Benzoyl derivative C,oH,4 N(OBz) [95°1, 
white glistening needles, v sol alcohol and 
benzene (Goldschmidt a Zurrer, B 17, 1577 , 
18, 1729) 

Iso-carvoxim CioH,4(KOH) [143°], possibly 
CPr<^p^^^^j|^j]^^CMe Obtained', together 

with a small quantity of oarvoxira, by the action 
of excess of hydroxylamine on a solution of 
carvol chlorohydnde or bromo hydndem alcohol 
(Goldschmidt a Kisser, B 20, 2071) Needles 
si sol alcohol , sol acids and alkalis Unlike 
carvoxim, it does not combine with HCl or HBr 
Dilute H^SO, forms carvacrol and a comj^ound 
C,oH,,NO [94°] 

Benzoyl derivative C,oHj4(NOBz) 
[112°] , scales, v sol alcohol 

CAEVYLAMINE Cj^Hf^ NH^ Formed by 
reduction of carvoxim C,„H,4 NOH in alcoholic 
solution, by sodium amalgam and acetic acid 
Colourless liquid, of stiongly aromatic basic 
odour Beadily absorbs CO^ from the air — 
B'HCl [c 180°], slender silky needles /fiom 
alcohol) 

Benzoyl derivativ [169°], 
white needles (Goldschmidt a Kisser, B 
20, 486) ‘ 

CAEYOPHYLLIN C^^He^O^ (?) A substance 
that may be extracted by alconol from cloves, 
the dried flower buds of Caryophyllus aroma 
ticus (Mylius, B J 22, 452, Muspratt, Ph 
10, 343) Silky needles in stellate groups , sub 
limes at about 285° SI sol cold alcohol, sol 
boiling alkalis PCl^ forms C^oHgjOgCl and 
C4oH«,03C1, 

Acetyl derivative [184°] Mohoclinio 
crystals (Hjelt, B 13, 800) 

Caryophyllio acid C4oHe40,2 From caryo 
phjllin and fuming HNO, (Mylius, B 6, 1053) 
Amorphous, si sol water, v sol alcohol, ether, 
and HOAc May be crystallised from fuming 
HNO, ^ 

Salts — Na^A"" — Ag^A"" — Ba^A"" l^aq 
CASCAKILLIN C,2H,304 [205°j S 127 at 

100° , S (alcohol) 3 33 at 8° Extracted front 
casoanlla bark (from Croton Eleutheria and 
Cascarilla) by boiling water (Mylius, B 6, 1051 , 
cf Tuson, 6 J 17, 195, Duval, J Ph [3] 
8, 91) Minute pnsms (from alcohol) , tastes 
bitter Not affected by boiling dilute HCl Cas 
canlla bark also contains a volatile oil (173°- 
180°) 

CASEIK V Pboteids 
CASEOSE V Pboteids 

CASSONIC acid C3H3O, Formed, together 
with saccharic and oxalic acids, in the oxidation 
of cane sugar by HNO, (Siewert, Institut 21, 78), 
Also from gly conic acid and HNOj (Honig, J 
1879, 667) Syrup Reduces ammoniacal 
AgNO, to a mirror — BaA"icaq 

CASTOEIN Castoreum is a hard black sub 
stance (soft when fresh) found in a pair of small 
sacs situated in the genital organs of the beaver 
{Castor fiber and amencanus) An alcoholic 
extract depoMits first fat, and then cas ton m 
Castoreum also contains a volatile pungent oil^ 
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eholesterin, a resin, proteiaa, CaCO„ and m- 
organic salts (Valenciennes, J 1861, ^3) 

0A6T0K OIL. A fatty oil obtained by 
pressore from the seeds of Ricinus communis 
it Bohdihes at about •- 18°, has S G about 969 
at 12°, and is dextro rotatory, [a] = 12° (Popp, 
Ar Ph [2] 146, 233) Castor od consists chiefly 
of glycerides of stearic and rioinoleio acids It 
is completely dissolved by 6 vols of 90 pc 
alcohol (JJager, C C 1876, 389) Dry distilla 
tion gives aorolem, cenanthol (heptoic aldehyde) 
and an acid (Bussy a Lecanu, J Ph 

13, 67 , Stanek, J pr 63, 138 , Leeds, B lb, 
290, Krafft a Brunner, B 17, 2985) HNO, 
oxidises it to heptoic, oxalic, azelaic, suberic, 
and (j3) pimehc acids (Arppe, A 120, 288) 
The products obtained by saponifying castor oil 
and^stiUing the resubtmg alkaline ncinoleate 
alone or with NaOH are methyl hexyl ketone, 
sec-octyl alcohol, and sebacic acid (Neison, C J 
27, 607, 837) Cffnc H^04 converts castor oil 
into ricinyl sulpliurio ewid CigHjjOaOSOjH, 
which by the addition of water breaks up into 
ricmoleic acid and H^SO^ From the fatty acids 
derived from the Turkey red oil prepared from 
castor oil, crystals of a di oxy stearic acid sepa- 
rate after some time (Benedikt a Ulzer, M 8, 
217f 

CATALPIC ACID [206°] Ex- 

tracted by etlllr from decoctions of the siliqua 
ceous capsule of the Bignonia Catalpa It may 
be isomeric with hydrocardenic acid (Sardo, O 

14, 134) Large white crystals, v si sol water, 
sol alcohol and ether — BaC,4H,20a 6aq white 
glistening laminte — AgjA" a white pp 

CATALYSIS V Chemical change 

CATECHINS C.^.gOgSaq (Hlasiwetz, Cross 
a Bevan, C J 41, 92) , CigHj^Og (Etti, M 2, 
647) , OjjH^Og (Liebermann a Tauchert, B 13, 
694) , •C4<,H380,a and C42H380,fl (Gautier, C B 
86, 668) This name has been given to various 
compounds contained in catechu or Terra japo 
nioa which is extracted by boiling water from 
the fruits or twigs of a variety of plants Bom 
bay catechu from the fruit of Areca Catechu^ 
Bengal catecffU from twigs and unripe pods of 
Acacia (or Mimosa) Catechu, Gambir catechu 
from Nauclea (Uncaria) Oambir, and Nubian 
catechu from some Acacia Catechu is used m 
dyeing 

Cateohm CjjHjgOg (Gautier, C R 85,762), 
C^HigOgSaq (C a B ) , C^jH^oOsSaq (L a T) 
[217°] S (alcohol) 20 at 16° , S (etner) 8 at | 
16° (Waokenroder, A 37, 311) Obtained from 
Bombay catechu by washing with water and 
crystallising from acetic ether (L a T , Ldwe, 
Fr 13, 113 , Zwenger, A 37, 320 , Neubauer, A 
96, 337, ^aut a Van Delden, A 128, 285, 
Hlasiwetz a Malm, A 134, 118 , Etti, A 186, 
837 , Sohutzenberger, Bl [2] 4, 6 , Saco, C R 
63, 1102) 

Prcy^ties — Small needles (from water) 

V si sol cold water, v sol hot water and 
acetic ether The aqueous solution is coloured 
green by FejCl, The solution m KOHAq ab 
sorbs oxygen, turning brawn Lead acetate gives 
in aqueous solution a pp of (C2iH2oO.)23PbO (?) 
Cateohm solutions are ppd by albumen, but 
not by gelatin 

Returns — 1 Boiling dilute H2SO4 forms 
cateohuretm —2 With HCl and ECIO^ it gives 


02^,00140,2? (Cross a Bevan, C /« 41, 92) 
which 18 turned cnmson by Na^SO, Catechu- 
tannic acid does the same — 8 Br gives bromo- 
catechuretin OjiHjBryO,?, a red insoluble powder 
4 Water and PI, give O21H20O,, an elastic 
insoluble mass — 6 HOAc and BaO, give 
CjjHajO,, a colourless powder which melts below 
100° (Sohutzenberger a Back, Bl 4, 8) — 
6 Aqueous KjCrjO^ forms C2,;^40,o, a brown 
insoluble powder — 7 Potash fusion gives phlo- 
roglucin and protocatechuic acid (Hlasiwetz, A 
134, 118) — 8 Dry distillation gives pyrocate 
chin — 9 Boiling dilute H28O4 forms insoluble 
CjjH^O, (Neubauer, A 96, 856), or O,8H,0O,, 
(Etti) — 10 Boiling dilute KOH forms CjiH^O, (?) 
a brown powder, sol alcohol and alkalis — 11 
HI gives iodoform and other products (G ) 

Di acetyl derivative C2,H,g07(OAo)2 
[131°] , needles or prisms Soluble in ordinary 
solvents except water and ligrom (L a T ) 

Di benzoyl derivative 02iH,,07(0Bz),. 
Flooculent brown substance (S a R ) 

Diacetyl dichloro catechin 
C2,H,aCl2(OAo)207 [169°] , needles Sol al- 

cohol, si sol ether 

Diacetyl bromo catechin 
C2,H,7Br(OAo)207, [120°] White needles SoL 
alcohol, si sol ether 

Catecharetm C^gHsoO,, 6aq(?) or CssHagO,,. 
Formed by passing HCl mto a boiling alcoholic 
tiolution of cateohm (Kraut a Delden, A 128, 
291) Formed also by heatmg catechin with 
cone HCl at 170° Dark reddish brown m- 
Boluble powder Not changed at 190° 

Di^benzoyl derivative C2,H,4Bz207(?) 
Formed, together with di benzoyl cateohm by 
heating cateohm with BzCl at 190° Brown 
mass 

Catecbm C4oH380,a 2aq [206°] S 9 9 at 
60° Occurs according to Gautier (C R 86, 
668) m Gambir catechu together with the two 
following catechms , they are extracted by alco 
hoi and crystallise after evaporation with exolu 
sion of air Monoclmio prisms 

Catechm C42H,80,g aq [177°] Minute needles 
(v supra) 

Cateohm C4 oH, 80, 8 aq [163°] S 6 3 at 60° 
Minute needles (v supra) 

Cateohm CiBHjgOgaq According to Etti 
(M 2, 547) this IB the formula of the cateohm m 
Gambir and Pegu catechms At 100° it becomes 
C,«H.gOg, at 160° cateohutannio acid C,8Hg40„ 
and at 180° CjgH,20,4 The latter is also got 
by heatmg cateohm for some time with dilute 
H2SO4 

Reactions —1 Diazobenzene chloride gives 
(08HgN2)20,8H,g0g, a red crystalline pp sol alco- 
hol and ether , it dyes wool golden brown — 
2 Dilute H28O4 (1 8) at 140° gives phlorogluom 
and pyrocateohm 

Cateohin C42H,40„ [166°] In mahogany 

{Acajou) (Gautier, Bl [2] 30, 668) Latour a 
Cazeneuve {Bl [2] 24, 119) give this oatechm 
the formula CjoHgoO, 

Cateohm 042H«,0,g [140°] In brown cate- 

chu (G) 

CATECHOL V Ptbocatechih 
CATECHDIC ACID v Cateohin and Pboto- 

CATEOHXnO ACID 

CATECHUTAKNIC ACID C2,H„0.(?) or 
C*,Ha404,(?) Extracted by wat®^ from catechit. 
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Formed also by heating cateclim alone at 130^, 
with water at 110°, or by boiling it with alkahs, 
lime, or Pb(OH)2 (Etti, A 186,332 , L6we, J pr 
105, 82, 75 , Z [2] 5 538 , Fi 12, 285) Dark 
red^sh brown powder, V sol acetic ether, 

V e sol alcohol, msol ether , m soL water It 
oxidises m the air It gives a greyish green pp 
with Fe^Cla It does not pp tartar emetic Its 
aqueous solution is ppd by gelatin, albumen, 
and by dilute H2SO4 At 162° it changes to 
C4 H,40,i(?) which resembles catechutannic acid 
in all resptcts — (C ,Hi808)23PbO 

CATHARTIC ACID The active principle 
in senna leaves It is a glucoside It contains 
only C, H, and 0 Its Ba and Pb salts are 
amorphous (Kubly, Bl [2] 7, 356, Stockman, 
Ph [3] 15, 749 , cf Lassaigne a Feneuille, A 
Ch [2] 16, 18, Bourgoin, C R 73, 1449) 
CAXTLOSTEBIN v Cholesterin 
CEDAB OIL Obtamed by distilling with 
water the wood of Jumperus virginiana Con 
tains oedrene and cedar camphor According 
to Bertagnini (C R 35, 800) it contains a com 
pound which combines with NaHSOj 

Cedar-camphor [74°] (282°) 

V D 8 4 (calc 7 7) Crystalline mass smelling 
like cedar wood V si sol water, v sol alco- 
hol Distillation with PjOj splits it up into 
water and cedrene (Walter, A Ch [3J 1, 498) 

CEDBENE C„H24 (237°) 8 V 7 b S G 

^ 984 Obtamed as above (Walter, Ic) 

Cedrene From oil of sage (English) C,aK4 
(260°) S G 915 Yellow or green oil In 
active Eesimfied by H.2^04 (4 1) even at 0° 
Gaseous HCl turns an ethereal solution purple 
The refractive index seems to indicate four C C 
gioups (M M P Muir, C J 37, 68b) 

The name Cedrene has been used as a 
generic name for the hydrocarbons 0,gHo4 which 
occur in the oils of cedar, cloves, patchouli, 
cubebs, calamus, cascarilla, rosewood, &c (v 
Terrenes) Cedrenes closely resemble the ter 
penes in their optical properties, which point 
to the existence of pairs of doubly linked 
carbon atoms (Gladstone, C J 49, 617) 
CEDBIBET V Ccerulionon 
CELLULOSE 125-145 

Occurrence — Cellulose is the basal substance 
of the skeleton of plants, and indeed may be said 
to constitute the framework of the vegetable 
world The problem of its origin is as much 
physiological as chemical It does not appear 
to be formed as the immediate product of the 
synthetical action of the cell upon carbonic 
anhydride and water, but mediately from starch, 
sugar, and other carbohydrates, through the 
intervention of the cell protoplasm The me 
chanism of this transformation, as well as the 
inverse conversion of cellulose into the simpler 
carbohydrates, has not been elucidated, but is 
assumed on physiological grounds to h® the 
simplest character There is nothing in this 
assumption which contravenes the evidence 
afforded by the chemical relationships of the 
carbohydrate group, which are likewise simple 
Adapting itself to the infinite variety of 
structure and function presented by plant tis 
sues cellulose occurs m multitudinous forms 
and in any given structure is subject to differenti 
ation modification, or vanation of elaboration 
within very wide hunts The scope of this 


article, however, precludes such a treatment of 
the subject as would deal with lesser variations, 
and we shall therefore confine our attention to 
those celluloses which constitute the fully ela 
borated plant fibres Plant tissues seldom if 
ever consist of pure cellulose but contain be- 
sides other products of growth, either mechanic 
ally bound up with the tissue, and therefoia 
frequently removable by mechanical means and 
by the action of simple solvents, or chemically 
united to the cellulose , combinations of this 
latter kind constitute the compound celluloses^ 
and are only resolved by a chemical process 

Preparation — The isolation of pure cellulose 
depends upon its relative insusceptibility of 
chemical change The general method of pie 
paration from raw fibrous materials consists 111 
exposing the moist fibretir tissue to the action of 
chlorine gas or bromine water in the cold and 
subsequently boiling in a di)^ite alkaline solu 
tion , repeating this treatment until the alkaline 
solution no longer dissolves anything from the 
tissue or fibre The cellulose is then washed 
with a dilute acid, water, alcohol, and ether, 
and dried 

Properties — Obtained in this way, or by the 
ordinaiy process of bleaching from cottcgi or 
linen (fiax), or in the form of Swedish filter 
paper, the typical cellulose is a v^hitc substance 
more or less transparent,’ retaining the micro- 
scopic features of the raw fibre * 

The elementary composition is expressed 
the percentage numbers (F Schulze) 

0 44 0 44 2 

H 64 63 

O 49 6 49 6 

or by the corresponding empirical formula 
These numbers represent the com 
position of the dry and ash free ccilulosc 
Nearly all celluloses contain a certain propoi 
tion, however small, of mineral constituents ^ and 
the union of these with the organic portion 
of the fibre or tissue is of such a nature that 
the ash left on ignition preserves the form of 
the onginal It is only in the grCrwing point of 
certain young shoots that the cellulose tissue 
18 sometimes found free from mineral constitu 
ents (Hofmeister) The proportion of hycjrosco 
pic moisture^ which is an essential constituent 
of cellulose under ordinary atmospheric con 
ditions, varies from 7 to9 p c , the mean variation 
due to V ariations m the hygrometric state of the 
air IS about 1 p c 

Cellulose is insoluble in all simple solvents , 
it IS dissolved by certain reagents but only by 
virtue of a preceding constitutional modification 
The most remarkable solvent of cellulose 13 
cuprammonia (Schweitzer’s reagent) in which it 
dissolves without essential modification, being 
recovered by precipitation in a form which la 
chemically identical with the original (Erdmann, 
J" pr 76, 385), though differing m being amor 

» Cellulose In Its earlier stage of elaboration has no 
action upon light, but with age it acquires the property of 
double refraction This action is independent of the state 
of aggiegation of the celluiose and is therefore an essen- 
tial property of the substsuice itself (Sachs, hxp Phy» d 
Pjtamien p 398) 

• The Inorganic constltuenta of bleached cotton amount 
to 0*1 0 3 p 0 of its weight In the manufacture of the 
eo-called Swedish paper, the proportion is reduced by 
speoial treatment of the ooUuiose with acids. 
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fyhoas Tina reagent has been employed m a 
variety of forms, a fact which explains the dis 
crepancies m the statements as to the solubili- 
ties of the various celluloses m cuprammonia 
The following methods of applying the reagent 
are to be recommended 

The substance to be operated upon is inti- 
mately mixed with copper turnings in a tube 
which IB narrowed below and provided with a 
stopcock Strong ammonia is poured upon the 
contents of the tube and after standing for some 
minutes is drawn off and returned to the tube , 
the operation is several times repeated until the 
solution of the substance is effected 

Perhaps the most convenient solution, though 
not so effective m all cases as the former, is that 
prepared by dissolving ppd cupric hydrate m 
amnmnia In prepariilg the reagent in this 
way it IS important that the hydrate should be 
thoroughly washed, preferably out of contact with 
the air, before dilbolving in the strong aqueous 
ammonia Cotton ^ rapidly dissolved by this 
solution The soluble compound formed is re 
presented by Mulder as (CaH,o04)2Cu(NHj2 O 
It has been doubted whether this compound 
exists actually dissolved in the viscous solution , 
an investigation of the osmotic properties of 
the liquid, however, shows it to be a true solution 
(Cramer) From an extended investigation of 
the optical pr(f^erties of the solution Bdchamp 
tjoncludes that the solution of the cellulose is 
not simple but is accompanied by progressive 
molecular transformations, the optical activity 
(dextrorotatory) of the products increasing to a 
maximum corresponding to a condition of equili 
brium ultimately attained (C R 100, 117, 279, 
868 ) 

The soluble bases (NaOH, KOH) added to the 
solution give blue gelatinous pps having the com 
positioii(CgH,o05) CuM"0 Digested with hnelydi 
vided lead oxide the solution yields the compound 
CgHioOj PbO Cellulose is reppd , as a gelatinous 
hydrate, on the addition of acids, as well as of 
many neutral bodies such as alcohol, sugar, and 
common salt, or even on largely diluting with 
water and allowing to stand The pp dried %n 
vacuo 18 obtained as a transparent mass re 
semblmg gum arabic On digesting the ammo 
nia cupric solution upon metallic zinc, this 
metal pps the copper, replacing it in the solu 
tion and producing the corresponding ammonia 
zincio solution of cellulose, which is colourless 
The property of cellulose of being dissolved by 
cuprammonia receives an important technical 
application A sheet of paper left for a short 
time in contact with the cuprammonia, so that 
the constituent fibres are superficially attacked, 
and then passed between roUers and dried, be 
comes impervious to water and its cohesion is 
not affected at the boiling heat Two sheets 
thus treated adhere firmly together, and with a 
sufficient number, artifici^ boards are produced 
A vanety of matenals are now produced m this 
way, on the manufacturing scale, useful for 
roo^g and other purposes (C B A Wnght, 
Joum Soc Chem Ind 1884, p 121) 

Reactions — Cellulose has already been spoken 
of as a comparatively inert substance, and its 
characteristic reactions are consequently few 
One of these is available for its identification 
and IS chiefly used in the microscopical exami 


nations of tissues this is its reaction with 
iodine The reaction, although similar to that of 
starch, differs m requirmg for its determination 
the presence of an auxiliary (dehydrating) reagent 
such as sulphuric or phosphoric acid or zincchlor 
ide The most effective solution is prepared in the 
following way zinc is dissolved to saturation 
in hydrochloric acid and the solution evaporated 
to the sp gr 2 0, to 90 pts of this solution are 
added 6 pts potassium iodide dissolved in 10 pts 
water , and in this solution iodine is dissolved to 
saturation By this reagent cellulose is coloured 
mstantly a deep blue or violet 

OoMPOuNus OP Cellulose — Cellulose is gene 
rally mactive towards compounds contained m 
dilute aqueous solution , hence its extensive em- 
ployment in the filtration of solids from solu- 
tions Nevertheless it exhibits a tendency to 
incipient combination even with acids and 
alkahs (Mills, C J 43, 163) , with metallic salts 
it forms compounds of sufficient stability to cause 
their removal from solution, but the combination 
IS of an indefinite and unstable order (Erdmann, 
J 76, 385) {Cf Gladstone, J pr 66, 247 , 
Muller, Fr 1, 84 , O’Shea, O J Proc 1, 20b ) 
Certain carbon compounds, such as the organic 
astringents, and many of the colouring matters 
natural and artificial, unite with cellulose to 
•form compounds of various ordeis of stability, 
of those we would more particularly instance 
amongst others many of the derivatives of di 
phenyl which possess a specific power of direct 
combination with cellulose Although such com- 
binations are of great technical importance, being 
the foundation of the arts of dyeing and printing 
they are not sufficiently systematised to deserve 
more than this passing notice On the other 
hand some of the substitution compounds of cel- 
lulose with acid radicles are both definite and 
stable 

Acetyl oollnlose — The tri substituted com 
pound OaH,(0 HgO)80g is formed by heating 
cellulose with 6-8 times its weight of acetic 
anhydride at 180°, and separates as a white 
flocculent pp on diluting the syrupy product 
Tri acetyl cellulose is insoluble in alcohol and 
in ether, an^ is soluble in glacial acetic acid 
It IS saponified by boiling with alkaline solutions, 
the cellulose being regenerated No derivative 
containing more than three acetyl groups has 
been obtained , but a mixture of the mono and 
di acetyl cellulose is formed by treating cellulose 
With only twice its weight of acetic anhydride, 
the formation of these bodies being unattended 
by their solution 

Cellulose nitrates {Pyroxylim-Nitrocellu- 
lose ) — Whenever cellulose in any form is brought 
into contact with strong nitric acid at a low 
temperature, a nitro product or nitrate is formed 
The extent of the nitration depends upon the 
concentration of the acid, upon the duration of 
its contact with the cellulose, and on the state 
of the physical division of the cellulose itseB 
The first investigation of these substances 
dates from 1838, whenPelouze showed the iden 
tity of several of these products obtained from 
paper, Imen do and starch Knop and 
also Kamarsch and Heeren found that a mix 
ture of sulphuno and nitnc acids also formed 
nitrate of cellulose , and still later (1847) Millon 
and Gaudin employed a mixture of sulphuriu 
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acid and nitrate of potash and soda, which they 
found to have the same effect Although gun- 
cottons or pyroxylmes are generally spoken of 
as mtro celluloses, they are more correctly de- 
scribed as cellulose nitrates, since they have not 
been found to yield amido bodies on reduction 
with nascent hydrogen The following are the 
general properties of these compounds (Eder) 

(1) When wanned with alkaline solutions, nitric 
acid 18 removed in varying quantities, dependent 
upon the strength of the solution employed 

(2) Treatment with cold concentrated sulphuric 
acid expels almost the whole of the nitric acid 
(8) On boiling with ferrous sulphate and hydro 
chlonc acid, the nitrogen is expelled as nitric 
oxide, this reaction is used as a method of 
nitrogen estimation in these bodies (4) Po- 
tassium sulphydrate, ferrous acetate, and many 
other substances, reconvert the nitrates into 
cellulose 

Several well-characterised nitrates have been 
obtained, but it is a matter of difhculty to pre 
pare any one in a state of purity and without 
admixture of a higher or lower nitrated body 
The following have been described under a no 
menclature having reference to a C,2 formula 

Hexa nitrate — C,2Hj4(N0s)a04 (gun cotton) 
Prepared by treating cotton with a mixture of 
HNOs (S G 1 5) 3 parts, and H SO< (SGI 84) 
1 part, for 24 hours, at a temperature not exceed 
mg 10® , 100 parts of cellulose yield about 175 
of the compound (calc 183) Insoluble in alco 
hoi, ether, or mixtures of both, and glacial 
acetic acid , with acetone it forms a jelly and is 
slowly dissolved It is the most explosive of the 
teries igniting at 160®-170° Mixtures of sul 
phunc acid and nitre do not give this nitrate 
(Eder) Ordinary gun cotton may contain as 
much as 12 p c of nitrates soluble in ether 
alcohol , the hexa nitrate seems to be the only 
one quite insoluble in this menstruum 

Penta nitrate — C,aH,3(N0s)j,05 This com 
position has been very commonly ascribed to 
gun cotton It is impossible to prepare it in a 
state of purity by the direct action of the acid 
on cellulose It is prepared by dissolving the 
hexa nitrate m nitric acid at 80®-90®, cooling to 
0°, and adding concentrated sulphuric acid, by 
which the penta nitrate is precipitated , after 
mixmg with a large volume of water and wash 
mg the precipitate with water and alcohol, it is 
dissolved m ether alcohol and finally re pre- 
cipitated by water This nitrate is slightly 
soluble m acetic acid, nearly insoluble in alco 
hoi containing only a small proportion of ether 
Strong potash solution converts it into the di- 
nitrate 

Teira- and tri- nitrates (collodion pyroxyline) 
are generally formed together when cellulose is 
treated with a more dilute acid at a higher tem 
perature and for a shorter time than in the case 
of the hexa nitrate, eg 4 vols HNO, (1 38), 
6 vols H2SO4 (1 84) at 65®-70® for 5 10 minutes 
They are freely and equal^ soluble in ether 
alcohol, acetic ether, and mixtures of acetic acid 
and wood spirit, or alcohol, and are therefore 
inseparable They are msoluble m pure alcohol, 
ether, or acetic acid On treatment with con- 
centrated nitno and sulphuric acids they are 
converted into the higher nitrates Potash and 
ammqnia convert them into the dinitrate 


Di mtrate 0„H,9(N0,)20gi8 formed as already 
indicated, and also by the action of hot dilute 
nitnc acid on cellulose Freely soluble in ether 
alcohol, acetic ether, acetic acid, wood spint, 
acetone, and absolute alcohol The further 
action of alkalis on the dinitrate results m a 
complete resolution of the molecule 

The cellulose nitrates have generally much 
stronger absorption aflBnities for colouring mat 
ters than the celluloses They ^re much 
less susceptible of attack by acid oxidants 
than cellulose itself, and are therefore used in 
the filtration of solutions containing e g chro 
mic acid, permanganates, and, of course, nitna 
acid of any degree of concentiation Nitric acid 
of 8 G 1 42 has a remarkable toughening ac 
tion upon filter paper the modification is effec 
tod by simple imraeraion, and the papbr so 
treated is inci eased in strength tenfold, under 
going at the same time a contraction amounting, 
in circles, to about diameter The cellulose 
so treated contains no nitvDgen (Francis, C J 
47, 183) 

Cellulose and sulphuric acid — Cellulose is 
disintegrated and dissolved by the concentrated 
acid to a colourless solution The products are 
sulphates of a series of compounds of whi(|^ the 
celluloses and the dextrins may be regarded as 
the extreme terms They are easily isolated ui 
the form of Ba salts The composition of the 
sulphates may be expressed by the general foi^ 
mula C„„Hn,„0,,„_j,(SO,)x The variations m 
composition and in physical properties are func 
tions of the temperature (5°-3d®) and duration 
of the action The limits of specific rotation 
of these sulphates are [a]j =r - 3 66 and + 72 99 
These ethereal salts are entirely decomposed 
by boiling with alcohol the resulting carbo 
hydrates may be regarded as the corresponding 
alcohols In composition and properttes [e g 
their reactions with iodine) they constitute an 
extended senes, beginning with soluble cellu 
loses and terminating in achrodextrin (Honig a 
Schubert, M 7, 455) While it is impossible to 
determine the mechanism of these successive 
resolutions of the cellulose mol^bule with the 
precision attainable where such changes may be 
reversed, and therefore completely studied, they 
certainly establish the typical connection of the 
celluloses with the simpler carbohydrates, and 
in a much more complete way than the coinci- 
dence of empincal formulaB 

Prior to the researches above detailed the 
initial terms of the transition senes had been 
similarly obtained and described under the term 
Amyloid^ a term selected to indicate their resem 
blance to starch 

A practical application of the reaction of 
cellulose with sulphunc acid is found m the 
manufacture of parchment paper The process 
consists in the rapid passage of the paper 
through the strong acid (8 G 1 6-1 6) follo^\ed 
by copious washing The result may be de 
scribed as a superficial conversion of the cellulose 
into amyloid, whereby it acquires the properties 
which have obtained for it the designation m 
question {cf Hofmann, A 112, 243) 

Cellulose and chlorine — Dry chlorine has 
no action upon cellulose , the presence of water 
determines an indirect oxidising action, but 
there is no direct combination of cellulose vriUi 
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chlorine By heating cellulose nitrates with phos 
phone pentaohlonde and oxychloride at 200® 
and evaporating the excess of the reagents at 
170®, a VISCOUS liquid is left, miscible with al- 
cohol and ether, which appears to be composed 
of, or to contain, a chloride of cellulose or a 
cellulose derivative (Baeyer, B 2, 64) Bromine 
18 without action upon cellulose specimens left 
for several months in contact with strong bro 
mine water were not sensibly attacked (H Muller, 
P/lanzenfiser, p 21 ^ cf Franchimont, BTC 
2. 91) 

Cellulose and Oxygen Oxycelluloses — Two 
of these compounds or senes of compounds have 
been described 

(a) Oxycellulose (Witz, Bull Rotten, 10, 416 , 
11, 189) is formed by the action of solutions of 
the hypochlorites upon cellulose Exposed to the 
action of a solution of bleaching powder (5 p c ) 
for 24 hours, the fibre is converted into a friable 
modification ha^ng the composition C 43 0, 
H 6 2, 0 60 8 Otjjer oxidising agents produce 
similar results , even by exposure to air and 
light cellulose is slowly converted into these 
oxidised denvatives Their formation is accom 
panied by molecular resolution, as is shown by 
their reducing action upon alkaline copper solu- 
tionf the product giving this reaction is dis 
solved by alkalis to a yellow solution These 
oxycelluloses #iave a strong attraction for basic 
colouring matters also for vanadium com 
pounds, attracting these from a solution con 
taming so minute a quantity as 1 pt in 
1,000,000,000 Upon this property a method 
has been founded for the quantitative estimation 
of minute traces of vanadium m aqueous solution 
(Witz a Osmond, Bull Rouen, 14, 30) The 
study of these oxycelluloses is of great import 
ance to the manufacturer of textile materials 

Oxycellulose C,hH 2«0,6 (Cross a Be\an, 
C J 43, 22) IS the residual product (insoluble) 
of the prolonged digestion of cellulose with nitric 
acid (20-30 p c ) at 90® 0 On washing with 
water to remove the acid the substance gela 
tinises It dries to a horny colourless mass It 
is characterised by its reaction with sulphuric 
acid on gently warming it dissolves with develop 
ment of a bright pink colour, the reaction re 
semblmg that of mucic acid, to which, on other 
grounds, it is probably related A fresh pre 
paration, treated with a mixture of nitric and 
sulphuric acids, dissolves, and on pouring into 
water the nitrate CjgHgg (NO.) 30 „ separates as 
a white flocculent pp 

Chromic acid — Cellulose treated with potas 
Slum dichromate in presence of acetic acid is 
converted into glucose, dextrin, and formic acid 
Permanganates under the same condition effect 
a similar decomposition 

Chromic anhydride in presence of sulphunc 
BCid decomposes cellulose rapidly and completely, 
the carbon being entirely converted into the 
gaseous compounds CO and CO^. It has been 
proposed to apply this to the quantitative esti 
mation of carbon in celluloses and cellulosic 
mixtures (Cross a Bevan, C N 62, 207) 

Alkaline oxidations — The permanganates 
and hypochlorites in presence of alkalis oxidise 
cellulose to a syrupy mixture of acids of the 
pectio senes (H Muller, Pflamenfaser, v also 
C I Si 206, 291) Fused with potassium 
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hydrate the cellulose is oxidised to oxalic acid, 
malic acid bemg obtained as an intermediate 
product 

Electrolytic oxidants — The nascent oxygen 
and other electronegative ions liberated in the 
electrolysis of vanous saline solutions have a very 
powerful action upon cellulose These actions 
have been made the subject of interesting ro 
searches by F Goppelsroeder {D P J 264, 42) 

Cellulose and Hydrolytic Agents 

(1) Dilute acids A large number of acids, 
organic as well as mineral, attack cellulose, 
producing hydration changes, attended by dis- 
integration of the fibre The action is gradual 
at ordinary temperatures, and is of course ac- 
celerated by applying heat The study of these 
actions IS of the first importance to the cellulose 
technologist (Girard, C JS 81, 1105 , Cross a 
Bevan, SCI 1885, Ciookes, Handbook of 
Dyeing and Calico printing, p 19) 

It is worthy of note here that the cellulose 
isolated from grass and hay, and many others 
less highly elaborated than the celluloses which 
we are at present considering (cotton and linen), 
are decomposed on boiling with dilute mineral 
acids with formation of furfural 

(2) —Dilute solutions of the alkalis 
are without sensible action upon cellulose, even 
at temperatures considerably above the boiling 
point when, however, oxidising conditions are 
Buperadded, molecular resolution sets in The 
joint action of calcium hydrate and air at the 
boiling temperature is especially powerful, oxy 
cellulose being produced (Witz, loc cit ) Con 
centrated solutions of the alkalis (NaOH, KOH) 
at ordinary temperatures act in a very remark 
able way upon cellulose There appears to be a 
‘ molecular ’ combination of the reagents m the 
proportion CjjH^oOjo Na^O (Mercer) which how 
ever is easily resolved by washing with water 
But the characteristics of the fibre and the fibre 
substance are found to have undergone a per 
manent modification There is a considerable 
shrinkage in linear dimensions in cotton fabrics 
treated with caustic soda solution of S G 1 225 
this amounts to 26 p c The corresponding 
modifications m microscopic features have 
been mvestl|:ated by Crum {C J 1863), the 
changes bemg found similar to those which 
take place in the ripening of the fibre m the 
plant, VIZ from a flattened tube with large cen- 
tral cavity, to a thick walled cylinder with 
small lumen The chemical change produced 
IS, 80 far as has been ascertained, entirely one 
of hydration, and it is remarkable that the only 
evidence of the change is the increased capa- 
city for hygroscopic moisture This amounts to 
6 p c of the weight of the cotton, the proportion 
calculated for the formula Cj^HgoO,^ H^O being 
6 5 p 0 From this fact we may also infer that 
the normal attraction of cellulose for atmo- 
spheno moisture is a residual manifestation of 
the molecular combinations which are seen m 
the multitudinous hydrates of cellulose found 
in, or constituting, growing tissues Mercer, 
who appears to have first mvestigated these 
phenomena, further found that the addition of 
hydrated oxide of zme very much increased the 
action of the caustic solution thus a solution 
of sodium hydrate of 8 G 1 100, which is with- 
out marked action, is rendered very active by 
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acid and nitrate of potash and soda, which they 
found to have the same effect Although gun 
cottons or pyroxylines are generally spoken of 
as mtro celluloses, they are more correctly de- 
scribed as cellulose nitrates, since they have not 
been found to yield anudo bodies on reduction 
with nascent hydrogen The following are the 
general properties of these compounds (Eder) 

(1) When warmed with alkaline solutions, nitric 
acid IS removed in varving quantities, dependent 
upon the strength of the solution employed 

(2) Treatment with cold concentrated sulphuric 
acid expels almost the whole of the nitric acid 

(3) On boiling with ferrous sulphate and hydro- 
chloric acid, the nitrogen is expelled as mtnc 
oxide, this reaction is used as a method of 
nitrogen estimation in these bodies (4) Po- 
tassium sulphydrate, ferrous acetate, and many 
other substances, reconvert the nitrates into 
cellulose 

Several well-characterised nitrates have been 
obtained, but it is a matter of difhculty to pre 
pare any one in a state of purity and without 
admixture of a higher or lower nitrated body 
The following have been described under a no 
menclature having reference to a C,2 formula 

Hexa nitrate — C,2H,^(N03)„04 (gun cotton) 
Prepared by treating cotton with a mixture of 
HNOs (S G 1 5) 3 parts, and H.SO4 (SGI 84) 
1 part, for 24 hours, at a temperature not exceed 
mg 10° , 100 parts of cellulose yield about 175 
of the compound (calc 183) Insoluble in alco 
hoi, ether, or mixtures of both, and glacial 
acetic acid , with acetone it forms a jelly and is 
slowly dissolved It is the most explosive of the 
teries igniting at 160°-170° Mixtures of sul 
phunc acid and nitre do not give this nitrate 
(Eder) Ordinary gun cotton may contain as 
much as 12 pc of nitrates soluble in ether 
alcohol , the hexa nitrate seems to be the only 
one quite insoluble m this menstruum 

Penta nitrate — C,jH, 3(N03)303 This com 
position has been very commonly ascribed to 
gun cotton It is impossible to prepare it in a 
state of purity by the direct action of the acid 
on cellulose It is prepared by dissolving the 
hexa nitrate in nitric acid at cooling to 

0°, and adding concentrated sulphuric acid, by 
which the penta nitrate is precipitated , after 
mixing with a large volume of water and wash 
mg the precipitate with water and alcohol, it is 
dissolved m ether alcohol and finally re pre 
cipitated by water This nitrate is slightly 
soluble in acetic acid, nearly insoluble in alco 
hoi containing only a small proportion of ether 
Strong potash solution converts it mto the di 
nitrate 

Tetra- and tn- nitrates (collodion pyroxyline) 
Are generally formed together when cellulose is 
treated with a more dilute acid at a higher tem 
perature and for a shorter time than in the case 
of the hexa nitrate, eg 4 vols HNO, (138), 
6 vols H2SO4 (1 84) at fo°-70° for 6 10 minutes 
They are fr^ly and equally soluble in ether 
alcohol, acetic ether, and mixtures of acetic acid 
and wood spirit, or alcohol, and are therefore 
inseparable They are insoluble in pure alcohol, 
ether, or acetic acid On treatment with con- 
centrated nitric and sulphuric acids they are 
converted into the higher nitrates. Potash and 
ammqnia oonvort them into the dmitrate 


Di mfmfe 0,jH,9(N0,)20gi8 formed as already 
indicated, and also by the action of hot dilute 
nitric acid on cellulose Freely soluble in ether 
alcohol, acetic ether, acetic acid, wood spirit, 
acetone, and absolute alcohol The further 
action of alkalis on the dmitrate results m a 
complete resolution of the molecule 

The cellulose nitrates have generally much 
stronger absorption affinities for colouring mat 
ters than the celluloses They are much 
less susceptible of attack by acid oxidants 
than cellulose itself, and are therefore used m 
the filtration of solutions containing e g chro 
mic acid, permanganates, and, of course, mtna 
acid of any degree of concentration Nitric acid 
of S G 1 42 has a remarkable toughening ac- 
tion upon filter paper the modification is effec 
ted by simple imraer'^ion, and the papt^r so 
treated is inci eased in strength tenfold, under 
going at the same time a contraction amounting, 
in circles, to about ^ diameter The cellulose 
so treated contains no nit Dgen (Francis, C J 
47, 183) 

Cellulose and sulphuric acid — Cellulose is 
disintegrated and dissolved by the concentrated 
acid to a colourless solution The products are 
sulphates of a series of compounds of which the 
celluloses and the dextrins may be regarded as 
the extreme terms They are easily isolated 111 
the form of Ba salts The composition of the 
sulphates may be expressed by the general for 
mula CH„H,on05„_,(804)x The variations m 
composition and in physical properties are func- 
tions of the temperature (5°-33°) and duration 
of the action The limits of specific rotation 
of these sulphates are [a]j =• — 3 65 and + 72 99 
These ethereal salts are entirely decomposed 
by boiling with alcohol the resulting carbo 
hydrates may be regarded as the corresponding 
alcohols In composition and properties [e g 
their reactions with iodine) they constitute an 
extended senes, beginning with soluble cellu 
loses and terminating in achrodextrin (Honig a 
Schubert, M 7, 455) While it is impossible to 
determine the mechanism of these successive 
resolutions of the cellulose molecule with the 
precision attainable where such changes may be 
reversed, and therefore completely studied, they 
certainly establish the typical connection of the 
celluloses with the simpler carbohydrates and 
in a much more complete way than the coinci- 
dence of empirical formulas 

Prior to the researches above detailed the 
initial terms of the transition senes had been 
similarly obtained and described under the term 
Amyloid, a term selected to indicate their resem 
blance to starch 

A practical application of the reaction of 
cellulose with sulphunc acid is found in the 
manufacture of parchment paper The process 
consists in the rapid passage of the paper 
through the strong acid (8 G 1 5-1 6) followed 
by copious washing The result may be de 
scribed as a superficial conversion of the cellulose 
into amyloid, whereby it acquires the properties 
which have obtained for it the designation in 
question {cf Hofmann, A 112, 243) 

Cellulose and chlorine — ^Dry chlorine has 
no action upon cellulose , the presence of water 
determines an indirect oxidising action, but 
thare is no direct combination of cellulose wiUi 
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ihe cellalose as to mask its reactions From the 
circumstances of their occurrence and formation 
it IS not to be expected that the line can be 
sharply drawn between mixtures and combina- 
tions of cellulose with non cellulose constituents 
of either fibres or tissues Fr6my {Ann Agro 
noiniques, 9, 529) recognises the existence of the 
following compounds distinguished from cellu- 
lose chiefly by their different behaviour to hydro 
lytic reagents and cuprammoma , (1) Fibrose^ 
constitut»g the membranes of wood cells , 
(2) Pa7 acellulose, constituting the membrane of 
the pith and medullary rays, and (d) \asculose 
constituting the membranes of the vessels 
The value of this somewhat arbitrary classi 
fication is questionable (Sachsse, Farbstoffe^ 
Kohlchyd't ate, &c , p 160), and the distinctions 
whi^h it seeks to establish have not been gene 
rally recognised On tile other hand, there are 
certain groups of substances widely distributed 
throughout the i^lant world, which, while they 
have certain features in common with the cel 
luloses, are sufhcieiTfcly distinct to admit of che 
mical classification apart from them Generally 
speaking, these substances are made up of a 
cellulose and a non cellulose portion, the latter 
conferring the special features of distinction 
Theacompound cellulose thus constituted is re 
solved, by treatment with reagents according 
to the metho(?# to be described, into cellulose or 
a cellulose residue on the one hand, and soluble 
derivatives of the non cellulose on the other Of 
these groups we shall consider typical members 
The following are the compound celluloses 
sufficiently characterised to warrant special de 
Bcnption under class names the nomenclature 
of these compounds is explained by their cha 
racteristic resolutions 


Pectocelluloses 

Eesolved by hydrolysis (alkalis) 
mto 
/ \ 

Pectio acid and cellulose 
Type Baw flax 

(Kolb, Lul\ Mulh 1868, A Ch [4j 14, 848) 


Lignocelluloses 
Besolved by chlorination 
into 

/ \ 

Chlorinated derivs x 

Aromatic I and cellulose 
Soluble in alkalis ) 

Type Jute 

(Cross a Bevan, C J 41, 90) 


Adipocelluloses 

Eesolved by oxidation 
(Nitric acid) 
into 

Similar derivs \ 
as by the oxidation [ and cellulose 
of the fats ) 

Type Cuticular tissue of leaves and fruits 
(Fr6my, C B 48, 667, Sachsse, Farbstojfe, <to ) 
Feotocelluloses — The purified bast of a Bus- 
Eian flax investigated by Kolb was found to have 
the aggregate composition . 


C 43 7 
H 59 
O 50 4 

The non cellulose constituent is therefore ti 
substance of lower carbon percentage than cellu 
lose Irom its yielding pectio acid on boiling 
with alkahs, it is obviously a substance allied to 
pectin Since the fibre yields about 20 p c of 
its weight of the acid derivative we infer inde 
pendently that it is a substance containing 
approximately 41 p o carbon, which confirms 
the view of its constitution above expressed 
Many other plant fibres are made up of or con 
tain pectocelluloses (Webster, C J 48, 28) , 
pectic derivatives were identifaed by Schunck in 
♦he products of the action of boiling alkaline 
solutions upon raw cotton {Proc Manchester 
Lit Phil [8] vol IV ) 

The cellular tissue of a large number of 
fruits, e g , the apple and pear, and roots, e g , 
turnips and carrots, is composed of pecto cellu 
loses 

Lignocelluloses — The course of lignification 
in plants is marked by profound alterations in 
the physical pioperties of the tissues undergoing 
this modification , the tissues lose their elas 
ticity, become coloured from grey to brown, and 
the substance of the tissues manifests the 
chemical properties about to be described 

Jute — Aggregate percentage composition 
C 47 0-48 0, H 6 9-5 7, 0 47 1-46 3 {C.^RMn 
It may be regarded as composed of 
Non cellulose(Ligmn)CigH240,o(65 6p o C)25p o 
and Cellulose CjsHjoOjj (44 4 „ ) 76 „ 
though the cellulose isolated from the fibre by 
chemical resolution differs in composition as 
already stated from normal cellulose, appearing 
rather as an oxycellulose The mmeral con 
stituents of the raw fibre (purified) vary from 
0 6 to 2 p c of its weight , the hygroscopic 
moisture from 10-12 Attacked by concentiated 
solutions of the alkalis similarly to cotton , 
freely soluble in cuprammoma, but is incom 
pletely precipitated on acidifying , the body re 
maining m solution gives the reactions of the 
original substance, and may, therefore, be re 
garded as ac*»hydrated modification Jute com 
bines freely with the organic astringents (tan 
nms) and the majority of aromatic colouring 
matters It is coloured a bright yellow by 
solutions of salts of aniline and other aromatic 
bases This reaction is probably due to a pro 
duct of oxidation, since it does not take place 
with jute which has been boiled for some 
time in solutions of sulphites It is coloured 
brown by iodine solutions Moistened with a 
solution of phlorogluom and treated afterwards 
with hydrochloric acid it gives a deep red 
colouration , with pyrrol also in presence of 
hydrochloric acid it gives a deep carmine 
colour A mixture of sulphuric and nitnc acids 
nitrates the fibre, the gam in weight being ap- 
proximately equal to that of cellulose under the 
same conditions The products are orange- 
coloured and are soluble m acetone Like the 
cellulose nitrates, they give no amido derivatives 
on reduction Iodine is absorbed by the fibre, 
the quantity taken up being constat under 
constant conditions , the resulting compound is 
not more stable than the iodide of starch This 
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reaction may be made use of for the quantita 
tive estimation of the lignooelluloses m cellulosic 
mixtures Bromine attacks the fibre m presence 
of water, forming ill defined compounds which 
are dissolved alkaline solutions The opera- 
tion once or twice repeated eliminates the whole 
of the non cellulose , the resulting cellulose 
amounts to 72-75 p c of the weight of the fibre 
Chlorine does not act upon the dry fibre, even 
when the temperature is raised to 100°, but in 
presence of water combines rapidly at ordinary 
temperatures with evolution of heat The 
chlorinated derivati\e is yellow coloured , 
it is soluble in alcohol, and from the solution 
water precipitates the compound Ci^HjaCl^Op, as 
a yellow flocculent mass This compound gives 
a characteristic magenta colouration with sodium 
sulphite solution similar to that of mairogallol ' 
(Webster, C J 46, 205) It dissolves in solu 
tions of the caustic alkalis with a brown colour, 
evolving the characteristic odour of the chloro 
quinones It yields chloropicrm on distillation 
with nitric acid Fused with potassium hydrate 
it yields protocatechuic acid It is theiefore 
an aromatic derivative, and appears to be allied 
to the trihydnc phenols The chlorinated fibre 
when boiled with sodium sulphite solution is 
entirely resolved into cellulose, and soluble den 
vatives of the non cellulose or lignin constituent 
This constitutes the simplest and most rapid 
method of cellulose estimation in the fibre The 
proportion of cellulose obtained is somewhat 
higher than by the bromine method (75-78 p c ) 
and IS further increased by preventing rise of 
temperature in the chlorination 

Digested with dilute nitric acid at 80° jute 
IB resolved directly into cellulose (oxycellulose) 
oxalic and carbonic acids and a peculiar acid 
derivative of the lignin constituent This 
body has the formula C25H4(,(N 02)023 , it is of an 
intense yellow colour, and dyes the animal fibres 
to a similar shade It forms salts with the 
earthy bases (C25Hg2(N02)023 M"^) which are pre 
cipitated by alcohol from aqueous solutions in 
the form of bright yellow flocks ^ 

Hydrolytic agents — J ute and the lignocel 
luloses generally are much more susceptible of 
hydrolysis than the simple celluioses The 
dilute acids effect a simple hydrolysis at 80°, 
t e the portion dissolved has the same composi 
tion and properties as the original , on raising 
the temperature to boiling, furfural is obtained 
in considerable quantity Boiling dilute alkalis 
effect a simple hydrolysis When the hydrolysis 
IS complicated by the introduction of either re 
ducing or oxidising conditions, resolution into 
cellulose and non cellulose (soluble derivatives) ! 
IB determined Thus sulphurous acid, the 
bisulphites, and the normal sulphites (alkaline) 
attack and resolve the hgnocelluloses when 
heated with their solutions under pressure The 
temperatures necessary for efficient resolution, 

* According to Hantzsoh a. Schnlter (B SO, S033), 
tnairogallol is a species of condensed quinone chloride— 
the oharaoteristlo molecule being derived from quinone 
by replacement of one of its typical 0 atoms by 01^ the 
aromatic linking being at the same time partially re- 
solved. Such a view accords equally well with the pro- 
perties of the derivative in question 

* It is worthy of note that the addition of urea to the 
diluteaoid ounsiderably modifies its aotlon, which becomes 
oneoif simple hydrolysis as in the case of sulphuric and 
bydniohlorio acids 


te for the isolation of cellulose are with suL 
phurous acid (7 5p 0 SO2) y0°-100°, with bisul- 
phites (4 p 0 SO2I 160°, with normal sulphitea 
(4 p c S02)170°-i80°, the increase of temperature 
correspondmg with the diminution of hydrolytio 
power by progressive neutralisation of the acid. 
The hydrolysis is aided by combination of the 
reagents with the soluble derivatives, which pre 
vents the reversal of the action at the high 
temperature, which would otherwise occur In 
heating with solutions of the cauat c alkalis 
under pressure, a high temperature is necessary 
for complete resolution , a considerable proper 
tion of the reagent is necessary for combining 
with the products, which under the oxidising 
conditions are of an acid nature These facta 
are of importance in the preparation of cellulose 
from hgnocelluloses, which is now a widelv ex- 
tended industry {Forestry Exhibition Reports^ 
Edinburgh, 1885) 

Anwuil Digestion — It har long been known 
that the urine of the herbivora contains hippurio 
acid as a normal constituent, and it has been 
shown that the benzoyl radicle necessary to 
form this body is a product of the digestion of 
lignocellulose (Meissner) Since the lignocellu 
lose molecule contains no aromatic compounds 
in the strict sense of the term (Stutzer, B 8, 57t>) 
the process of digestion must effect the con 
version 

Decomposition by Heat — Cumulative Reso 
lution The celluloses bum m the air with a 
quiet luminous flame When heated out of contact 
with the air they are completely resolved into 
gaseous and volatile products on the one hand, 
and a residual black mass, containing a high 
percentage of carbon Regarding these cai 
bonaceous substances as the products of con 
densation of cellulose molecules with elimination 
of water, the process may be viewed as, m the 
main, one of cumulative resolution by dehy 
diation (Mills, P M, June, 1877), the cumu 
late containing hydrogen and oxygen in chemical 
union with carbon is still in every sense a com 
pound , taking into consideration, at the same 
time, its approximation in appearance and pro 
perties to the element itself it may be termed 
a pseudo carbon ‘ Dehydrating reagents effect 
similar resolutions, the hgnocelluloses under- 
going condensation more readily than the cellu- 
loses The tendency co carbon accumulation 
which is the main feature of these resolutions 
is well marked in the vast senes of natural 
products of the decay of cellulosic tissues, from 
humus to the coals Though not of pyrogenic 
origin they nevertheless deserve mention in this 
connection from considerations of general re- 
semblance 

It IS noteworthy that the products of chlori- 
nating ulmic substances (Sestini, Gaz It , 1882, 
292) are closely similar to those obtained from 
the lignocelluloses Similar products are also 
yielded by the cannel coals 

Other forms of Lignocellulose Two other 
varieties of hgnocellulose deserve mention, viz 
glycolignose, the substance of fir 

woods * glycodrupose,^ 0,oH440j,o, the substance 
of the stony concretion of pears (Erdmann, 
A 188, 1 , Suppl 6, 223 , Bente, B 8, 476 , 
Sachsse, Farbstofe, 161) On boilmg with dilute 
*PhU mg, 1882,32*. 
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hydrochloric acid these compounds are said to 
be resolved mto a sugar and an insoluble residue, 
lignose^OigHjflO,,, and drupose » OigHjgOij, re- 
spectively On companng these formulss with 
those of the original substances, the differences 
are so slight as to be negligible The action of 
the acid is probably therefore one of simple 
hydrolysis The reactions of these substances 
are also in other respects identical with those 
of the jute substance Although therefore dif 
fermg fro#i the ligno cellulose, above described, 
in ultimate composition, they are essentially of 
the same order of compounds 

Crude fibre This term is applied by agri 
cultural chemists to the residual product of the 
treatment of fodder plants with boiling solutions 
of certain acids and alkalis, applied successively 
The process is a crude imitation of the process 
of digestidn in the animal, and the results which 
it yields are of purely empirical value Crude 
fibre will be found on examination, in most 
cases, to be a ligno cellulose and to be further 
resolved by chlorine in the manner indicated 

Adipooelluloses Cork and Cuticular Tissue 
From the mode of formation of these tissues it 
has been concluded, on physiological grounds, 
as in the case of the lignooelluloses, that they 
are Aodified celluloses (Sachsse, Farhstoffe, &c 
p 163) The ultimate composition of cork is 
represented bj the following percentage num 
bers C 65 7, H 8 3, N 1 6, 0 24 6 Unlike the 
lignocelluloses, however, it is by no means a 
simple or homogeneous substance, but is re 
solved by the action of mere solvents into a 
number of proximate constituents, some of 
which are crystalline The residue from the 
action of these solvents may be regarded as 
the true cork substance It is resolved by 
the action of boiling nitric acid (20-30 pc) 
into o*lluloso on the one hand — only a small 
propoition (3-6 pc), however, surviving so 
severe a treatment — and a series of fatty acids 
(or products of their decomposition) such as 
suberic and adipic acids, on the other , the latter 
amount to about 40 p c of the weight of sub 
stance treatec* If cork be resolved by treatment 
with sodium sulphite solution, at 166*^ a soft 
mass IS obtained preserving the structural 
features of the original, but which on slight 
pressure breaks down into a cellular mass On 
slight purification this yields a pure cellulose, 
the proportion obtained being from 9 to 12 p o 
of the original cork From these resolutions 
into cellulose, and products of decomposition 
similar to those obtained from the fats and waxes 
under similar treatment, the substance of cork 
has come to be regarded as a compound of such 
molecules , and this view of its constitution, as 
well as that of the entire group of substances simi 
lar in composition and function, is summed up in 
the group term Adipocellulose, by which it is 
proposed to designate them The cuticular 
tissues, such as constitute the covering of fleshy 
fruits and leaves, while similar in many respects, 
are simpler m composition When purified they 
are non nitrogenous and appear to be homo- 
geneous 

Frdmy and Urbain have developed (O B 
100, 19) a somewhat different view of the con- 
stitution of these tissues Takmg the protective 
tissues of the leaf of the agave as the type, in 
Yol. L 


addition to an interior epidermal layer, which 
IS cellulosio, and is soluble m cuprammoma 
after treatment with boiling hydrochloric acid, 
they distmgmsh the external or true epidermis, 
which they term Outose The substance com- 
posing this tissue has the following properties 
it is resolved by alkahne saponification mto two 
fatty acids, oleocutic a hquid oily body, 

and siearocutic a sohd body meltmg 

at 76*^, soluble in benzene and glacial acetic 
acid, and shghtly soluble in boihng alcohol, the 
solution gelatmismg on cooling The foUowmg 
numbers give the percentage composition of the 
original cutose and of the two derivatives 

Cutose Oleocuiic acid Stearocutic acid 
C 68 4 66 6 76 6 

H 8 7 8 2 10 3 

O 22 9 25 2 14 2 

Whence it is concluded that the molecule of 
cutose 18 composed proximately of oleo and 
stearo cutic acids in the molecular proportion 
of 5 1 

The two derived acids above described are 
marked by a curious instability or tendency to 
reversion, passing under certain conditions, 
notably by exposure of their solutions to light, 
into modifications closely resembling the onginal 
cutose 

With regard to the distribution of cutose in 
the plant world, while it is the main constituent 
of the external protective tissues of leaves, 
fleshy fruits and the stems of annuals, it is 
found also in the mteiior tissues, eg the bast 
and fibre vascular bundles 

These researches are an important contribu 
tion to the subject , and while there is no 
reason to doubt the authors’ conclusions in the 
mam, it is probable that they have overlooked 
the presence of cellulose as a constituent of 
cutose which occurs as an organised ^ e cellular 
tissue We need scarcely observe that the 
chemistry of these adipocelluloses has been 
but little investigated 

Constitution of Cellulose 

The physical properties of cellulose throw 
but little light on the problem of its molecular 
constitution ^ We have seen, moreover, that 
cellulose is chemically inert , its derivative com 
pounds are few, and of these indeed the nitrates 
alone appear to merit such a description, their 
formation bemg unattended by molecular reso 
lution From their composition and properties 
we infer the presence of alcoholic OH groups m 
the cellulose molecule The gradual resolution 
by the action of sulphuric acid, through a series 
of compounds termmatmg with achroodextrm, 
mdicates a certain constitutional relationship 
to the simpler carbohydrates of which the latter 
IS a typical representative The exact mechan- 
ism of the resolution not havmg been elucidated, 
it IS impossible to draw any bat the general 
inference from the products to the origmal 
cellulose molecule, viz , that the latter is a com 
plex of molecules resembling these simpler and 
better known carbohydrates We also mfer that 
the bond which umtes them is one of dehydra 
tion, but the exact nature of this bond is for the 
present entirely conjectural (For ad ^cussion 
of the probabihties involved m this problem the 
reader is referred to a paper by Baeyer entitled 

8 A 
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* Wasserentziehung u ihre Bedeutang fur das 
PflUmzenleben und die Gahrung,* B 8, 63 ) 
That such molecules are to be regarded physio 
logically as well as chemically, as the proximate 
constituents of the cellulose molecule, is a con 
elusion which has perhaps been somewhat pre 
maturely drawn Its ultimate origin is of course 
to be traced to the carbonic anhydride and water 
of the air and soil, the synthesising agencies 
being the protoplasm and chlorophyll of the 
plant, aided by the supplies of energy from 
without It has been supposed that the mediate 
source of the vegetable carbohydrates is formic 
aldehyde, and the recent researches of Loew 
(B 20, 141) upon the condensations of this aide 
hyde have at least confirmed the probability 
of this supposition The products of resolution 
of cellulose, moreover, clearly indicate the pre 
sence of aldehydic groups in the molecules 
Apart from conjecture, we may, to sum up this 
brief review, regard the cellulose molecule as a 
complex of simpler carbohydrate groups, con 
taming alcoholic and aldehydic oxygen {v also 
Bowman, B A 1887) 

The most striking features of the empirical 
formula of cellulose C(,H,„Og are those cliaiactei 
istio of the entire group of carbohydrates, the 
molecule containing some multiple of and 
the hydrogen and oxygen having the ratio 2 1 
At present these relationships are merely sugges 
tive of conditions of molecular equilibrium to 
be elucidated by future investigation 

The prevalence of the Cg group is remaikable 
and suggests a relationship to the aromatic 
group, winch is confirmed by the undoubtedly 
cellulosic origin of the benzene compounds 
On the other hand we have no evidence of the 
existence of closed chains of C atoms m the 
cellulose molecule nor have any simple transi 
tions from the one group to the other been as jet 
discovered If we turn, how( vei , from the tyjncal 
cotton cellulose to other foi ms of cellulose, such 
as those isolated from gioiMng tissues, we find m 
the ease with which man> of tlicm yield furfural 
as a product of acid hydioljsi®, some evidence 
of a more complex union of the C atoms, than 
the normal type usually assumes Passing on 
further to the lignocelluloses wo find a molecule 
in the constitution of which a furfural group 
undoubtedly plays a part, and in which the 
linking of the C atoms is such as permits a 
simple transition, in part at least, to products of 
undoubtedly ‘ aromatic ’ composition 

We have, in this brief statement of the evi 
denoe which we have upon which to found our 
views of the constitution of cellulose, endea 
voured rather to indicate the mam lines upon 
which the investigation of the problems involved 
IS proceeding, than to draw prem iture conclu 
Bions The subject will be enormously developed 
in the future, and will constitute an important 
foundation of the natural history of the oaibon 
compounds , a department or view of the science 
which can scarcely as yet be said to be within 
reach 

Nomenclature 

Considerable confusion has been imported 
into th][s subject by the indiscriminate employ 
ment or^the terms, cellulose, hgnin, woody 
fibre, lignose, * crude fibre,’ in describing the 


various products, natural and artificial, of which 
this article treats The want of uniformity 
arises from the division of the subject amongst 
physiologists, agriculturists and chemists That 
which we have adopted appears to bring about 
a certain simplification 

The application of the term cellulose we 
have already defined and limited To denomi 
nate the compound celluloses, which correspond 
with the chief modifications of cellulose recog 
nised by physiologists, we use a i compound 
term consisting of cellulose as the substantive 
portion with a qualifying prefix To specially 
distinguish the characteristic constituent of 
these compounds, that to v,hich we have ap 
plied the neutral term non cellulose, we employ 
the root of the prefix with the termination zn, 
thus pectin, lignin ^ 

In conformity with this plan it may be ex 
pedient to introduce such terms as subero 
cellulose, cuto cellulose subLr!r>i,cutm, and many 
others but this should be kft to bo determined 
by the progress of investigation The special 
classification and nomenclature proposed by 
Fr^my has been already discussed CFG 
CERASIN, the mota acid {v Arabic acid) 
existing in cherry tree and plum tree gums, and 
in the gums of other trees of the same ftlmilj 
Gum arable yields cerasm when heated to 150° 
(Gchs, G a 44, 144) Cherry ti-e gum is said 
to contain 52 Ip c arabin, 34 9 cerasm, 12 water 
and las7^ Treated with nitric acid cerasm 
I yield 15 5 p c mucic acid C O’S 

CERATIN V Proteids 

I CERATOPHYLLIN [147°] Extracted by 

I lime watei from the lichen Parnielia ccrato 
\ phijlla {Hesse A 119, 365) Thin piisms, si 
I sol cold, V sol hot, water , v sol alcohol, 
I ether, and aqueous alkahs Fe Cl« colours its 
, alcoholic solution purple Bleaching powder 
I gives a red colour 

' CERBERIN A poisonous, crystalline gluco 
' side occurring m Cerbera Odollam (Oudemans, 

I J pr 99, 407, de Viij, E T C 3, 167) 

I CEREBRIN C 09 08, H 11 47, ^2 13, O 17 32 
(Parens From these numbers the formulee 
0 , 4 , or C^oHi^pNgOig may 
i be calculated) The body called Phrenobin by 
Thudichum {J pr [2] 25, 19) is probably the 
same body in an impure state The name 
cerebrm was used first by Kuhn (1828) and ap 
plied to a mixture of oholesterin and lecithin It 
was used by Lassaigne (1830) to denote the 
entire substance that can be extracted from 
brain by alcohol It was employed by Gobley 
(1850) to denote so called ‘protagon,’ and by 
Muller to denote the nitrogenous substance free 
from phosphorus that can be extracted from 
the brain by alcohol, to which he gave the 
formula CjjH^NO, 

References — Fourcroy, A Ch 16,282 , Fr6my, 
J Ph 27,453, Liebreioh, ^ 134, 29, Gobley, 
J Ph [4] 19, 346 , W Muller, A 103. 131 , 
105, 361 

Preparation — Ox brain is freed from mem 
branes, washed with water, squeezed and heated 
with baryta to boiling The clear liquid is 
poured off and the coagulated residue washed 
with nearly boiling water, dried and extracted 
with alcohol The first extract deposits very 
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little on cooling, but cerebnn mixed with choles 
term separates from the subsequent extracts 
The cholesterin is removed by solution in ether 
So prepared, cerebnn is free from phosphorus 
but contains inorganic matter 260 grms were 
got from 90 brains It is redissolved in alcohol 
at 60° which leaves a barium salt undissolved 
The barium that goes into solution is removed 
by a current of COg. The cerebnn is pnnfied by 
frequent recrystallisations from alcohol The 
earlier Ihother liquors deposit on standing a 
gelatinous pp By recrystallisation from alcohol 
this pp may be separated into cerebnn (spheri- 
cal crystals), homocerebrm (needles), and en 
eephalm (E Parous, J pr 132, 310) 

Properties — Separates as a white crystalline 
powder composed of transparent globules from 
a boiling alcoholic soli^ion Soluble m acetone, 
chloroform, benzene, and glacial acetic acid 
Insoluble in ether Separates from acetone 
partly as globiftes, partly as matted threads 
Cerebnn dissolves^ n cone H2SO4 On standing 
exposed to the air, the liquid becomes covered 
with a purple skin, which afterwards turns green 
Cerebnn does not combine with acids, bases, or 
salts It IS not affected by boiling for a short 
tune with baryta It is but slightly decomposed 
by foiling alcoholic potash Cerebnn swells up 
but slightly in boiling water It is very slightly 
hygroscopic, Absorbing 2 p c of water from the 
air It 18 decomposed by boiling for a long 
time with baryta Boiled for some hours with 
dilute HCl it forms a solution that can reduce 
Fehhng’s solution 

Homocerebnn C701po,H116,N22, 
0 16 1 The yield is ^ that of the cerebnn 
Soluble in the same liquids as cerebnn , soluble 
also in boiling ether Swells up in hot water, 
but docs not form a paste Is not decomposed 
by hbiling water Treated with hot HCl, it 
foims a solution that reduces Fehhng’s solution 
Boiled for a long time with baryta, it is decom 
posed It is not hygroscopic Its solutions are 
neutral It does not combine with acids, bases, 
or salts It separates from alcoholic solutions 
in very firfit needles After separation from 
alcohol and drying, it is not a white powder (like 
cerebnn) but a waxy mass It is more soluble 
m absolute alcohol than cerebnn 

Encephalin C 68 4, H 11 G, N 3 1, 0 16 9 
Resembles homocerebrm rather than cerebnn 
It separates from solutions in flexible plates 
From acetone it separates in granular masses 
It swells up with hot w ater forming a complete 
paste Boiled with HCl, it forms a solution 
that can reduce Fehlmg s solution 

CEBICACID C 64 2pc , H 88pc , 0 27 0 
p c Obtained by the action of HNO, on cerin, or 
accoiding to Kugler on phellomc acid 
[96°] Phellomc acid is obtained, together with 
glycenn and staario acid, by the action of aloo 
holic KHO on cork that has previously been 
exhausted by chloroform and alcohol (Ddpping, 
A 46, 289) 

CEBIN C^H,20(?) [260°] A substance that 
may be extracted by chloroform from cork, the 
bark of Qiierciis Suber, in which it occurs to the 
extent of 2 p c (Kugler, Ar Ph [3] 22, 217 , 
ef Chevreul, A Ch 96, 170, Ddppmg, A 45, 
289) Needles, insol water, sol other solvents 
According to Siewert 383) an aloohohe 


extract of cork contains phellyl alcohol 
O^HsgO [100^, a neutral, crystalline substance, 
si sol alcohol 

CEBIBM Oe At w 189 9 Mol w tm 
known as element has not been gasified S G. 
(abt 18°) 6«63 to 6 78 (Hillebrand a Norton, P. 
166, 471) M P considerably above that of Sb 
(450°) but below that of Ag (960°) (H a N ) 
S H (0°-100°) 04479 (H , P 168, 7) S V S 
21 1 Chief Imes m emission spectrum , 6352 2, 
6273 2, 4628 2, 4672 6, 4662 1, 4296, 4289 (Tha 
14n) In 1803 Klaproth, and independently 
Berzelius and Hismger, separated a new earth 
from a Swedish mineral and called it Ceria 
(from the then recently discovered planet Ceres) ^ 
in 1839-41 Mosander (P 11, 406) proved that 
ceria was a mixture of at least three metallic 
oxides, oxides viz of Ce, La, and Di The metal 
cerium was first obtained by Mosander m 1826, 
it was more fully examined by Wohler, Bunsen, 
and other chemists 

Occurrence — In many Swedish mmerals, 
more especially in cerite a silicate of Ce (abt 
66 p c Ce20„) , occurs as silicate, phosphate, 
carbonate, fluoride, &c , also in many apatites , 
generally accompanied by La, Di, Fe, Al, dre 
It has been recently found that clay used for 
brickmakmg at Hanistadt (near Seeligenstadt 
in the neighbourhood of Frankfurt) contains 
from 8 to 12 p c of Ce O3 (Strohecker, J pr [2] 
33, 133 a 260) 

Preparation —Cerite is heated to redness, 
powdered, mixed with considerable excess of 
cone H SO4, and the mixture is gradually heated 
to incipient redness in a Hessian crucible , after 
cooling, the mass is powdered and then added, 
little by little, to ice cold water, whereby sul- 
phates of Ce, La, and Di are dissolved , the 
treatment with HjSO, &q is repeated with the 
portion insoluble in cold water , the aqueous 
solution 18 heated to boiling, whereby basic sul 
phates are ppd , solution in ice cold water and 
ppn by heating to boiling are repeated several 
times (Marignac , Bunsen , Wohler) The solu 
tion in cold water is ppd by addition of oxalic 
acid solution , the oxalates are washed with 
water, drie^ and heated in a Pt dish until com 
pletely con^rted into oxides The mixed oxides 
(of Ce, La, and Di) may now be treated m many 
different ways The following method was used 
by Brauner {C J 47, 884) m order to prepare 
pure Ce 380, for atomic weight determinations , 
it 18 based upon the formation of basic Ce 
nitrate insoluble in water The mixed oxides were 
dissolved in moderately cone HNO^Aq, excess 
of acid was removed by evaporation, and the 
syrup like liquid was poured mto much pure 
boiling water , the ppd. basic cenc nitrate was 
washed (on a funnel connected with a pump) 
with boiling water containing a httle nitric acid 
The nitrate was dissolved m HNO,Aq, excess of 
acid was removed by evaporation, the hqmd 
was poured into boiling water, &o , as already 
described This treatment was repeated 10 or 
11 times From the pure basic ceric nitrate 
thus obtained other Oe compounds may be pre- 
pared Brauner prepared C^SO^ by dissolving 
the basic nitrate in dilute HjSO,Aq, and Hj}SO,Aq, 
evaporating to dryness in a Pt dish, heating 
with due precaution, dissolving m a little loe 
cold water, ppg by absolute alcohol, washing 
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with aba alcohol, dissolving in loe cold water, 
ppg by alcohol, dissolving again, heating to 
100® and stirring with a glass rt^ , Ce^S04 6B[jO 
was thus obtained , it was dehydrated by heat 
mg for some weeks at 440® in molten sulphur , 
at full redness the sulphate gives off SO, and 
SO, and leaves pure OeO, 

Robmson (Pr 87, 160) prepared pure 06,01, 
The mixed oxides from oente were dissolved in 
HNO,Aq {v supra) t and thehqmd, after conoen 
tration to a syrup, was poured into boilmg dilute 
H,604Aq , the basic sulphates were dissolved in 
HNO^q, the Oe salt oxidised by boilmg with 
PbO, (Gibbs, Am 8 [2] 87, 862), the liquid 
evaporated, and La and Di salts removed by 
treatment with HNO,Aq, the pure basic ceric 
nitrate remainmg was converted mto chloride by 
treatment with HOlAq, from this Ce oxalate was 
obtamed bv ppn with oxaho acid , the oxalate 
was heated in dry HCl, and pure Ce,Clg was 
thus obtained (for details v original) Bobin 
son {I c ) also recommends evaporating the nitric 
acid solution of the mixed nitrates to complete 
dryness, heatmg the brown mass to full redness 
until the residue is pale yellow, and treatmg 
this with boilmg dilute HNOjAq, Ce basic 
nitrate remams while nitrates of Di and La 
dissolve 

Other methods for preparing more or less 
pure Oe salts are described by Bunsen, P 166, 
876 , Ozudnowicz, J pr 80, 16 , Watts, C J 
2, 147 , Holtzmann, J 1862 136 , John, Bl [2] 
21, 683 , Erk, Z [2] 7, 100, Popp, A 131, 361, 
Pattison a Clark, C N 16, 269 Wohler M 
144, 261) prepared Ce by adding pieces of Na 
to a molten mixture of CejCl,, KCl, and NH^Cl , 
the product, however, was impure Hillebrand 
a Norton (P 166, 633 , 166,46b) by electrolysing 
CejClj, covered with NH^Ol, using a thick iron 
wire as negative electrode (4 Bunsen’s cells) 
obtamed approximately pure cenum (For details 
V origmal papers ) 

Proper^s and Reactions — Steel grey, very 
lustrous, very ductile, metal , malleable, un 
changed m dry air, but m moist air is super 
fioially oxidised, heated m air burns to oxide 
with production of heat and much h<?ht , bums 
m Cl, Br, I vapour, S vapour, P vapour, formmg 
compounds with these elements , easily dissolved 
by HClAq, dilute HNO, or ILSO^Aq, no reaction 
with cold cone HNO3 or H2S04Aq Ce slowly 
decomposes cold water, quickly decomposes hot 
water As the V D of no Ce compound 
has yet been determined, the At w of the 
metal must be fixed by chemical considerations 
and by S H. The value given to the At w for 
many years was abt 92, and the formulas of the 
oxides, and chloride, <fec , were CeO, CejO,, 
CeCl^ <fco , Ce was thus placed, along with La 
and Bl, m the same class as A1 and the earth 
metals. Considering the relations between the 
properties of compounds of Ce, La, Di, and of 
other elements, Mendelejeff {A Supplbd 8,186) 
thought that Ce ought to be classed with those 
elements which form well marked oxides MOj, 
ue, with Ti, Zr, Sn, <&o If this were done the 
At w of Ce would become 92 x f Further m 
vestigation has completely justified Mendelejefl’s 
proposal , ^e is now classed with 0, Si, Ti, Zr, 
8n, Pb, and Th , La is placed with A1 and the 
earth metals, and Di is classed with the elements 


of Group y whose characteristic highest oxide 

18 ^ 0 , 

The At w of cerium has been determined 
(1) by estimatmg SO, in cerous sulphate (Be- 
rmger, A 42, 134 , Rammelsberg, P 66, 66 ; 
Hermann, J pr 80, 184 , Marignao, A Ch [3] 
27, 209, 88, 14^ (2) by estimating Cl in 

cerous chloride (Beringer, Ic , Robmson, Pr 
87, 160) (8) from combustions of cerous 

oxalate (Jogel, A 106, 46, Rammelsberg, P 108, 
44) (4) by conversion of Ce^SSO, mto CeO^ by 
heat (Brauner, C J 47, 879) (6) by determining 
SH of approximately pure Ce (Hillebrand a 
Norton, P 166, 471) The most accurate deter 
mmations are those made by Robmson and 
Brauner, respectively both lead to the number 
139 90 (0-16 96) 

Cerium is distinctly metalhc m its phys cal 
and chemical properties , it forms the oxides 
Ce^Oa and CeOg (and probably also CeOj), both 
of these are salt formmg m their reactions with 
acids, but the well marked palts (cerous salts) 
are those corresponding to CegO,, e g CejSSO, 
&c , m this respect Ce differs from Ti, Zr, Th, 
Sn, and Pb, the salts of which metals belong to 
the forms MX and MX2(X = SO4, CO„ 2N08, ), 

and shows analogies with the elements of 
Group III (A1 &c ) Ce does, however, form a 
cenc sulphate Ce2S04 , besides the oxide CeOg, 
a fluoride CeF^ analogous to T1F4, ZrF^, &c , is 
known (v Carbon group of elements , also 
Titanium group of elements ) 

Detection and Estimation — Ce salts are 
generally soluble m water alkalis pp white 
hydrated CejO, , NaClOAq pps yellow hydrated 
CeOj which dissolves in HClAq in presence of 
alcohol to form a colourless hquid , solutions of 
Ce salts are ppd by oxalic acid, the ppd oxalate 
IS white and insoluble m NH4 salts , saturated 
KjSO^Aq pps a white crystalhne double sulpnate, 
scarcely soluble m cold water, decomposed and 
dissolved by hot water containing a httle HCl , 
Ce salts boiled with PbOg and a little HNO,Aq 
give a yellow solution When a slightly acid 
solution of a Ce salt is mixed with ammonium 
acetate, a httle H202Aq is added, and the whole 
IS warmed, a yellowish pp is formed (Hartley, 
C J 41, 202) , if this pp IS moistened with 
NHjAq, agam treated with HgOjAq, and warmed, 
an orange sohd (? CeOj) is produced (de Bois- 
baudran, C R 100, 606) Oe can be separated 
from La and Bi only by very prolonged treat 
ment, v Preparation Ce is usually estimated 
as CeOj, but it is very difficult to obtain this 
oxide pure For methods of separation and 
estimation a manual of analysis must be con 
suited 

Cerium, carbide of Said to be obtamed as 
a dense black powder, insoluble m hot cone 
acids, by heating cerous formate or oxalate in a 
stream of H, and treatmg with HClAq to dis 
solve out any oxide formed Analyses agree 
approximately with composition CeO, (Bela 
fontame, J 1866 177) 

Cerium, haloid and oxyhaloid compounds ot 
Cenum forms cerous haloid compounds, CejX- 
or CeXy, corresponding to the oxide CojO, , and 
also a oeno fluonde GeF4 the molecular weight 
of none of these oompoundf has been deter 
mmed. 
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Obboub BBOioDE or OeBri Enown 

as the hydrate CeBr,^H,0 Obtained by dis- 
solving cerous oxide, OogO,, m HBrAq and 
evaporating Pehquesoent needles , unohanged 
by heating out of contact with air, heated in 
air, partially decomposed with loss of Br Forms 
double salt OeBrgJ^uBrj SHgO (John, Bl [2] 21, 
828) 

OsBous OHLOBiDB CegClg OT CeOl, Ob 
tamed by heating Oe m 01 , or by diasolvmg 
CegOj im&ClAq, adding NH^Cl, evaporating to 
dryness, and driving off NH4CI by heating , or 
by passing a mixture of dry CO and Cl over hot 
CegO, (Di^er, C R 101, 882) Pure CeClj was 
prepared by Kobmson (Pr 87, 160) by heating 
pure 0ej(0204)8 in pure dry HOI gas to 120°-180° 
for some time, then to 200°, and then to low 
re(^ess , the small quantity of C separated was 
removed by heating at low redness in mixed 
CO2 and HCl, finally the temperature was 
raised to a fullr red heat and the OOj stream 
was stopped The chloride was allowed to cool 
in HCl gas, traniferred to a small flask, and 
kept in vacuo, over H2SO4 and surrounded by 
CaO, until all HCl was removed S G 3 88 
(Robinson, Ic) A white, deliquescent sohd, 
easily soluble in water with production of heat , 
dedbmposed by O, or by steam, to Ce^O, (Didier) 
A hydrate, CeClj TH^O, is said to be formed by 
digesting CljOg in HClAq and evaporating 
Vanous double salts are described , e g 

CeCl, 4HgCl3 IOH2O, CeClj PtCl4 ISHjO, 
CeCls AuCl, ISHgO (John, I c ) 

Cebous cyanide (and double cyanides) v 
Cyanides 

Cebous fluobidb CeF, Obtained as a 
gelatinous pp (2CeF3H20) by addmg NaFAq to 
CeClg in HClAq (John) 

Ceric fluoride CeF 4 HjO An amorphous 
bro\fa powder, insoluble m water, obtained by 
treating 0e02 6H20 with HFAq, washing, and 
drying at 100° Decomposed by heat with loss 
of H^O and HF and formation of CeFj , heated 
strongly in contact with moist air CeOg and HF 
are formed Combines with KF (by treatment 
with KF Ht^to form 2CeF4 3KF 2H2O (Brauner, 
O J 41, 69) 

Cebous iodide Cegl^ or Celj Obtained as 
the hydrate Celj OHgO, in colourless crystals, by 
dissolvmg CejOg m HIAq, evaporating in a 
current of HjS, and placing in vacuo over 
H28O4 soluble in water and alcohol, very 
quickly decomposes in air (Lange, J pr 82, 
184) 

Cerium oxychlorides The compound 
Ce408Clfl f = Ce208 2CeCl,) 18 said to be formed 
when CeClj is heated with Na (in preparation of 
Ce) and the mass is treated with water Dark 
purple, lustrous, powder, insoluble m water 
(W6hler, A 144, 264) The same oxychloride 
IS said to be obtained, as iridescent scales, by 
passing a mixture of steam and N over a fused 
mixture of CeOlj and NaCl , easily soluble in 
dilute acids , heated in air gives Ce^Os QC)! 
(Didier, O B 101, 882) 

Cenum, hydroxides of, v Cbbium, oxides of. 

Oeritim, oxides and hydrated oxides of. 
The best studied oxides are cerous oxide CegO,, 
and cenc oxide CeOg , a peroxide CeOg also pro 
bably exists Other oxides, e g Ce^O* and 0640,, 


have been desonbed, but their existence is very 
doubtful 

Cebous oxide C^Og. {Oertum sesquAoeoide ) 
Mol w unknown The white, bulky pp ob« 
tamed by addmg KOBLA.q to a solution of a 
cerous salt is hy^ated cerous oxide , as the pp. 
at once begins to take up 0 and CO, from the 
air the hydrate has not yet been obtained pure 
The oxide CejO, is prepared by heating cerous 
oxalate m a stream of pure H The oxalate 10 
prepared from the basic nitrate (o Cbbium, Pre- 
•paratwn) by dissolving m a little HNO»Aq ana 
ppg by oxahc acid (Popp, A 181, 861 , Ram- 
melsberg, B 6, 86) 

Properties and Reactions — A grey solid, 
unchanged by heating in H Dissolves m many 
acids to form cerous salts of the form CooX,, 
X = S04. COg, 2N0„2C104, &o 

Cebio oxide CeOj {Cenum dioxide) The 
pale yellow pp obtained by suspendmg 
Ce^O, O/HjO in KOHAq and passing in Cl is hy 
drated cenc oxide (2Ce02 8^0 , Rammelsberg, 
P 108, 40) 

Formation — 1 By washing the hydrate with 
water containmg a httle acetic acid until EOH 
IS removed, drying and heating — 2 By heating 
cerous sulphate Ce23S04 to full redness m air 
3 By heating CeF, in air (Brauner) 

Preparation — Cerous oxalate is prepared 
from the basic nitrate from cents {v Cbbium, 
Preparation) , it is heated to redness m a Ft 
dish with free access of air Nordenslabld (P 
114, 616) obtained colourless, transparent, 
tesseral crystals of CeO, by heating CeO, for 
24 hours with a little borax in a porcelain oven, 
and treating the mass with HClAq 8 0 at 
16° = 6 94 

Properties and Reactions — Very pale yellow 
sohd (Wolf, Brauner, Robinson [C N 64], 
Crookes, Pr 38, 414) 8 0 6 74 (Nilson a Pet 

tersson, B 13, 1469) 8 V S 26 46 SH 

0877 (N a P , Pr 31, 46) Dissolves m cone 
H2804Aq with production of much heat, and 
evolution of some 0 , on orystaUismg, the salt 
CejSSO, 00(804)2 24H3O separates (Mendelejeff, 
A 168, 45) , from the mother liquor of this 
salt cenc sulphate 06280, dHgO is obtamed 
This reactfbn shows that part of the CeO, is re- 
duced by the HjSO, to Ce^O,, and part reacts 
with the acid to form 06280, Dissolves m 
HNOgAq, on adding NH4NO8 and crystallismg 
vacuo the double salt 2Ce(N08)4 4NH4N0,.8H*O 
IS obtamed Scarcely soluble in HClAq , but 
dissolves m this acid, and also in other dilute 
acids, m presence of reducing bodies, e g filter 
paper, alcohol, SOjAq, cfcc 

Cerium trioxide CeOg {Cenum peroxude ) 
Said to be obtained as a reddish pp by adding a 
slight excess of NH,Aq to 0e28S04Aq, and di- 
gesting with hydrogen peroxide (de Boisbaudran^ 
C R 100, 606 , Cleve, Bl [2] 43, 631 

Other oxides of oerium are described by 
Popp {A 131, 361) , Hermann (J. pr 30, 184 * 
82, 385 , 92, 113) . the formulas Ce,^. and Ce,Oa 
are assigned to these oxides, respectively , but 
experiments made by Rammelsberg (P 108, 40) 
and others tend to show that the only oxides 
which have been isolated are OcgO,, deO„ and 
OeOg ^ 

Cerium, oxychlorides of, v, under CEiiUKt 

HALOID AND OXYHALOID 00MP0UND8 OF. 
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Ceriani, talti of — Salts obtained by replacing 
H of acids by Ce Two series of salts are known, 
Cerous salts represented by OejSSO^, and oerio 
salts represented by Ce2S04 The cerous salts 
correspond to the oxide CojO,, the general form 
of these salts is €62X3 where X » SO*, CO„ 
2NOa, 2C10*, (fee , the oeric salts correspond to 
the oxide CeO , their general form is CeXj where 
X=»S04(fec The cerous salts are considerably 
more stable than the ceric salts , the latter are 
readily reduced to the former, but few ceric 
salts have been obtained, the principal salt is 
06280* , several double salts are known of the 
form Ce2S0* xM SO*, and Ce4N08 ccMNOj, when 
M IS an alkali metal Many double cerous salts 
are known A few basic salts are also known 
Some salts have been isolated which appear to 
belong to the mixed form ccCe^Xg i/CeXj , and 
one of the so called basic nitrates is probably 
teCeoGNOa 1/CeOo For descriptions of the indi- 
vidual salts V the articles on the various groups 
of salts, CARBONATES, SULPHATES, <fec , the chief 
salts are the bromate, carbonates, lodate, nitrates, 
oxalate, perchlorate, phosphates, selenate, sul 
phates, tungstate 

Cerium sihcide Described by Ulbk {Z [2] 
2, 60) as a brown powder , obtained by passing 
an electric current from 8 Bunsen cells through 
a fused mixture of KF and Ce^Fg in a porcelain 
crucible, and treating with water the brownish 
mass formed at the negative pole The Si was 
denved from the crucible which was strongly 
attacked Analysis gave numbers nearly agree- 
ing with the formula Ce^Sig 

Cerium, sulphides of Only one sulphide is 
known, cerous sulphide, Ce Sj It is best ob 
tamed by passing dry II S over CeOj heated to 
full redness m a porcelain tube S G 6 1 Ver 
milion to black according to the temperature 
at which prepared May also be obtained in 
red translucent crystals by passing dry H^S 
over a fused mixture of dry NaCland dry Ce^Clg, 
and then washing with water Unchanged in 
ordinary air , but burnt to SO and CeOg below 
a red heat in air Dissolves easily in dilute 
acids with production of H S , very slowly de 
composed by warm water (Didier, C B 100, 
1461 , V also Lange, J pr 82, 129, and Mo 
Sander, P 11, 406) 

Cenum, sulphocyanide of , v sulpho 
CYANIDES, under Cyanides M M P M 

CEBOPIC ACID CaAsOs (?) In the leaves 
of the Scotch fir (Pinus sylvestns), from which 
it may be extracted by dilute alcohol Minute 
needles — BaA"aq (Kawalier, A 88, d60) 

CEBOSIK C2*H*80 [82^] A waxy sub 

stance found on the stem of the sugar cane 
Nacreous laminee (from alcohol) Heating with 
potash lime oxidises it to cerosio acid 
C*8H3805 (?) [93*^], which may be crystallised 
from petroleum (Avequin, A Ch 76,218, Dumas, 
A Ch 76, 222 , Lewy, A Ch [3] 13, 438) 

CEBOTENE Co.Hj* [68°] A product of 
the distillation of Chinese wax (Brodie, P M 
[3] 33, 878, A 67, 210) Besembles paraffin 
Chlonne forms OaTHgaCljg, C27H83CI21, and 
C27H,2^^ ^ similar body [66°] occurs in hay , 

It is perhaps OjoH*, (Komg a Kiesoff, B b, 

60 Q) - , 

CEBOTIC ACID ot [78°] 

OcGUrreru ^, — 1 As oeryl oerotate in Chinese 


wax , whence it is obtained by distillation, or, 
better, by treatment with alcoholic KOH — 2 In 
the free state in bee’s wax ^ohn, Chemische 
Schnften, 4, 38 , Boudet a Boissenot, J Ph 
13, 38, Ettling, A 2, 267, Hess, A 27, 3 , 
Gerhardt, Rev scient 19, 6 , Lewy, A Ch [3] 
13, 438, Brodie, A 67, 180, Zatzek, M 6, 677) 
Formation — By oxidation of paraffin with 
dilute HNO3 or with chromic mixture (Gill a. 
Meusel, G J 21, 466) Also by heating ceryl 
alcohol with soda lime (Schwalb, A 141) 
Preparation — The alcoholic extract from 
bee’s wax is recrystallised till it melts at 70° 
This IS dissolved in alcohol and the lead salt 
thrown down by alcohohc lead or cupric ace 
tate 

Salts — NaA' — CuA'^ at 100° — PbA'„ 
[113°] — KA' — MgA'o ? [140°-145°] — AgA' , 
Methyl ether [60°] (Nafzgef, A 224, 

233) 

Ethyl ether EtA' [60°]:, Fatty plates 
(from alcohol) Soluble m ether May be 
distilled in vacuo On distillation it gives off 
C H* and CO^ and the distillate contains cerotic 
acid and a paraffin [44°] (C^gHj* or C^tH g) while 
in the retort there remains a ketone [92°J which 
is (C H„)2C0 or (C28HJ2CO 

Ceryl ether C^^H^OC^H^sO [8C°] 
Occurs almost pure as Chinese wax (Brodie) 
Occurs also in opium wax (Hesses B 8, 638), 
and in yolk, the sweat of sheep (Buisme, Bl [2J 
42, 201) 

An acid [79°] isomeric or identical with 
cerotic acid is the chief acid present in the 
product of saponification of carnauba wax From 
alcohol it separates as a jelly, but from other 
solvents (ether, benzene, light petroleum) as a 
crystalline powder (Sturcke, A 223, 283 , cf 
B^rard, Z [2] 6, 465) 

Salt — PbA'2 [116°] Sol boiling gUcial 
acetic acid and toluene Insol boiling alcohol 
or ether 

CEBOTONE C„H,o„0 le (C^A,) CO (?) 
[62°] Formed by distilling lead oerotate (Bruck 
ner, J pr 57, 17) Plates (from ether) 

Cerotone (C^.H^^) CO (?) [92°] , ^Formed by 
distilling cerotic acid or its ethyl ether (Nafzger, 
A 224, 237) Plates (from acetone) 

CEBXL ALCOHOL C, or [79°] 

Occurrence — Chinese wax consists almost 
entirely of ceryl oerotate (Brodie, A 67, 180 , 
Schwalb, A 285, 141) Ceryl oerotate also 
occurs in the sweat on the wool of sheep The 
wax outside ripe heads of the opium poppy 
contains ceryl oerotate and oeryl palmitate, [79°] 
(Hesse, B 8, 637) 

Preparation — Chinese wax is saponified with 
alcoholic potash, the product mixed with bario 
chloride solution and the ceryl alcohol separated 
from banc cerotate by solution m alcohol 

Reactions — Is oxidised to cerotic acid 
C27H5*0 by heating with soda lime 

Iso ceryl alcohol C^tHjuO [62°] The por 
tion of the wax of Ficus gummiflua which la 
insoluble m cold ether (Kessel, B 11, 2118) 
Acetyl derivative C27H55OAG [57°] 
CESPITINE C,H,3N(?) (95°) Occurs m coal 
tar, and m the product of the distillation of peat 
(Church a Owen, P M [41 20, 110 , Fntzsche, 
J 1868, 402) Liquid, miscible with water 
Combines with Etl Its platmochloride is de- 
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composed by boiling water (De Comnck, Bl [2] 
46, 131) Goldschmidt a Constam {B 16, 2978) 
suggest that it is wet pyridine 
CETANE V Hexadecane 
CETENE C,eH32 ^e CH, (CH^),, OH CH, 
Cetylene Hexadecylene [4°] (275°) , (166°) 
at 15 mm S G | 7917 , f 7842 V D 8 0 
Formed by distilling cetyl alcohol with P O5 
(Dumas a P^ligot, A Ch [2J 62, 4 , Smith, A 
Ch [3] b, 40) Also by distilling cetyl palmi 
tate or ctmmercial spermaceti (c/ Krafft, B 
16, 3018) Oil , sol alcohol and ether Accord 
ing to Bertholot (A Ch [3] 51, 81) it forms un 
stable compounds with HBr and HCl It forms 
a dibromide [14°] whence alcoholic 

KOH forms oily bromo cetene (Chydenius, A 
143 267) HCIO forms chloro cetyl alcohol 
C„H3C1(0 H) (c 300°) (Carius, A 126, 195) 
SO, rorm* CigHaiSOyH [^8^], insol \\ater — KA' 
[10b°J S 1 (Lasarenko, B 7, 125) 

An isomende,of cetene, [42^], (284°) is got 
by distilling azelaio acid with baryta (Schorlem 
mer, A 130 265) • 

CETENE GLYCOL The acetyl den 
vative C,jH 32 (OAc)^ is formed by the action of 
AgOAo on cetene dibromide It cannot be dis 
tilled (Chydenius, A 143, 270) 

«'ETENE OXIDE C„H, 0 [below 30°] 
(below 300°) From chloro cotyl alcohol {v 
Citene) and aqueous KOH (Carius, A 120, 202) 
Minute needles 

CETIC ACID C.AoO [55°] The glyceryl 
derivative occurs in the oil expressed from the 
seeds of Jatropha Curcas (Bouis, J 1854, 402) 
According to Hcintz (P 90, 137) a veiy small 
quantity of this acid is found in the products of 
saponihcation of spermaceti 

Ethyl ether LtA' [21°] (B ) 

CETINENE C,,Hj„ Cetylcjie Ilexadecinene 
Ilexo^ecyhdene [20°] (284°) (100°) at 15 mm 
BG f = 804, 797 hF 118 000 (Berthe 

lot) Large colourless tables Formed by heat 
ing cetene (hexadecylene) bromide (natural or 
synthetical) with alcoholic KOH (Krafft, B 17, 
1373 , cf Chydenius, C R 64, 180) 

CETEAPTC acid C„H„0, Contained, to- 
gether with lichenostearic acid, in Iceland moss 
(Cetrarza zslandica) (Berzelius, Bchw J 7, 317 , 
A Ch 90,277, Herberger, 21,137, Knop a 
Schnedermann, A 55, 144) Hair like needles 
(from alcohol), v si sol watei, si sol ether, v 
sol boiling alcohol Tastes bitter Decomposed 
before melting Its solutions turn brown on 
boiling, especially m presence of alkali Fe^Cl^ 
gives a redpp m neutral solutions — (NH J A" — 
PbA" 

DICETYL C, H^„ Dotriacontane [70°] 
(above 360°) VI) 15 8 I ormed by treating 
an ethereal solution of cetyl iodide with sodium 
(Sorabji, C J 47, 37 , cf Lebedeff, J E 1884, 
[2] 299) Scales, v si sol ether, v sol boiling 
glacial HOAc 

CETYL ACETATE CigHagOAc n Przvi hexa 
decyl acetate [19°] (Becker, A 102, 220) , [23°] 
(Krafft, B 16, 1721) (278°) at 190 mm , (200°) 

at 15 mm (K ) S G 8640 , p 8612 MM 
18 772 at 20 7° (Perkin, 0 J 45, 421) Needles , 
b 1 sol cold alcohol 

CETYL - ACETIC ACID is identical with 
Stearic acid (^ t; ) 


Di-oetyl-aoetio acid Oi^H^hOs t e 
(0,8H„)20H COjH [70°] Formed by heating 
m cetyl malonic acid at 150° (Guthzeit, A 906, 
365) Crystalline scales, si sol alcohol —AgA' 
amo rpho us pp 

CETYL ALCOHOL OuH^O JSthal n-Pnm- 
hexadecyl alcohol Mol w 242 [50°] (844°) , 

(190°) at 16 mm SG (liquid) »f«817bj 
8105, f = 7837 HF 112,000 (Berthelot) 
Occurrence — Spermaceti is cetyl pahnitate 
(C,aH33)C,(,H3,02 (Chevreul, Becherches sur les 
corps gras, p 171 , Dumas a P61igot, A Ch [2] 
62, 4 , Dumas a Stas, A Ch [2J 73, 124 , Smith, 
A Ch '■3] 6, 40 , A 42, 247 , Heintz,P 84, 232, 
87, 553) In the sebaceous glands of geese and 
ducks (De Jonge, H 3, 225) 

Formatzon — By the distillation of bario 
sebacate (Schorlernmei, Pr 19, 22) 

Preparation — 1 Spermaceti (10 pts ) is 
boiled with alcohol (5 pts ) and potash (2 pts ) 
until saponified The product is poured into 
water and the cetyl alcohol crystallised from 
ether The crude commercial cetyl alcohol con 
tains m addition to hexadecyl alcohol also zi p 
octadecyl alcohol and probably small quantities 
of other homologues (Kiafft, B 17, 1627) — 
2 The acetate is formed by reducing palmitic 
aldehyde (obtained by distilling barium palmi 
tate with barium formate) with zinc dust and 
acetic acid (Krafft, B 16, 1721) 

Propez ties — Small crystalline plates (from 
alcohol) Gives palmitic acid on oxidation 
Sodium CetylateCigHsaNaO [110°] (Fri 
dau, A 83, 1) 

Ethyl ether C,6H,30Et [20 °] (Becker, 

A 102, 220) 

TEI-CETYL-AMINE ze (C,«H„)3N 

[39°] From cetyl iodide and gaseous NH^ at 
150° (Fridau, A 83, 25) Needles Its salts are 
insol water, sol alcohol and ether — B'HCl — 
(B'HCl),PtCl, yellow pp 

CETYL-ANILINE C H^^N i e 
N(C^H )(C,eHJH Phenyl cetyl amine [42°] 
From cetyl iodide and aniline at 100° (Fridau, 
A 83, 29) Silvery scales (from alcohol) Has 
no action on litmus, and does not pp metallic 
salts ~B',H PtCl„ 

Di-cetybaniline N(Cj,H5)(CmH33)2 From 
cetyl aniline and cetyl iodide at 110° (F ) 
Crystalline — B' H PtCl„ 

CETYL-BENZENE C,H (C.^H^J Hexadecyl- 
benzene [27 °j (230° at 15 mm ) Formed by 

the action of sodium upon a mixture of lodo 
benzene and cetyliodide (Krafft, B 19, 2983) 
CETYL BENZENE-SULPHONIC ACID 

8O3H Hexadecyl benzene sulpho- 
nic acid Formed by sulphonatmg cetyl benzene 
The sodium salt A'Na is sparingly soluble (Krafft, 
B 19,2983) 

CETYL BENZOATE C.aHjaOBz [30°] (Becker, 
A 102, 219) Crystalline scales 

CETYL BOEATE Cj^H^^BO [68°] (Schifl, 
A Suppl 6, 198) 

CETYL BEOMIDE C,«H33Br [16°J From 
cetyl alcohol, Br, and P (Fridau, ,4 83, 15) Insol 
water, v sol alcohol and ether 

CETYL CHLOEIDE CihH^jCI S G ia 841 
From cetyl alcohol and PCI5 Oil, insol alco- 
hol, sol ether Boils above 280° with decompo 
Bition (Dumas a P61igot, A Ch *4, Tiitt* 
scheff, Chzm pure, 2, 463) 
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CETYL OYAinBE Oj,H„ON Margaro- 
lUtnU* [53®] (?) Formed by heatmg potassium 
eetyl sulphate with KCN and extracting with 
ether Crystalline solid (Kfihler, Z d gesammt 
NaUmv 7, 252) According to Hemtz (P 102, 
267) it 18 a liquid, but is accompanied by a solid 

mixtu re [5 5®] 

CETYL ETHEE v Cetyl oxide 
CETYLIDE C22H42OJ [0 65®] A substance 
■aid to be formed by dissolving oerebrin in cone 
H2SO4 and pouring the solution into water 
(Geoghegan, H 3, 332) Insol water , v sol 
not alcohol, v e sol ether Potash fusion gives 
palmitic acid, hydrogen, and CH^ 

CETYL IODIDE C.eH,,! [22°] From cetyl 

alcohol, phosphorus, and iodine Lammas (from 
alcohol) [22°] (Fridau, A 83,23) 

CETYL MALONIC ACID C.eHa, CH(C02H). 
JBexadecyl malonic acid [117°] (G ) , [121®] 
(Krafft, B 17, IbdO) Formed by heatmg alco 
hoi (40g ), m which Na (2 9 g ) has been dissolved, 
with malonic ether (20 g ) and cetyl iodide 
(44 g ) , the resulting solid ether being saponified 
by aqueous KOH (Guthzeit, A 206, 357) Gran 
ules , m sol cold alcohol Decomposed by heat 
into GO2 and cetyl acetic acid — S alts — Ag^A." 
— BaA" 

Di cetyl malonic acid {0,8Hs3)2C{C02H)2 
[87°] Prepared in the same manner as cetyl 
malonic acid, usmg half the quantity of malonic 
ether (Guthzeit, A 206, 362) Aggregate of mi 
nute crystals (from alcohol) , si sol cold alco 
hoi Spht up at 150® into CO2 and di cetyl 
acetic acid — AgjA" voluminous white pp 
CETYL MERCAPTAN SH [51°] 

From cetyl chloride and alcoholic KSH Silvery 
scales (from ether) , does not attack HgO but 
gives white pps with alcoholic AgNO^ and 
HgCla (Fridau,A 83, 18) 

CETYL NITRATE [12®] S G 91 

From cetyl alcohol, £[280^, and HNOg Long 
flattened needles, si sol cold alcohol (Cham 
pion. Z 1871, 469) 

DLCETYL OXIDE (C,eH33) 0 [55®] (300®) 

From sodium cetylate and cetyl iodide at 110® 
(Fndau, A 83, 22) 

CETYL PALMITATE v Palmitic acid 
CETYL PHENOL Hexa 

decyl phenol [77^°] (2G0®) at 15 mm 

Formed by fusing cetyl benzene sulphomc acid 
with KOJ^ Colourless, tasteless and odourless 
crystals (Krafft, B 19, 2984) 

CETYLPHENYL AMINE C8H,(C,eH33) NH2 
Amtdo cetyl-henzme Amvdo hexadecyl benzefie 
[c 53®] (254®! at 15 mm Colourless crystals 
(from benzene) Formed by reduction of nitro 
cetyl benzene (Krafft, B 19, 2984) 

CETYL STEARATE v, Steabio Aom 
CETYL SITLPHIDE (C,«H33)2S [58®] From 
cetyl chloride and KjS Scales (from ether 
alcohol) (Fndau, A 83, 16) 

CETYL SULPHURIC ACID O.^HasOSOaH 
From cetyl alcohol and HjSO^ (Dumas a P61igot, 
A 19, 293, K6hler, J 1856, 579, Hemtz, P 
102, 267) — KA' soft nacreous laminsB composed 
of mterlaoed needles (from alcohol) 

CETYL DI THIO CARBONATE OF POTAS- 
SIUM (0,8Hj,)0 os SK From cetyl alcohol, 
KOH, CSg at 70° Unstable, hygroscopic 
sca^su Gives a yellow pp with alcoholic AgN 0*, 


quickly turning black (Desains a De la Pro* 
vostaye, A Ch [8] 6, 494) 

CEVADILIINE v Vebatbum ALKAiion>8 
CEVA DINE V Vebateum alealoids 
CEVINE V Vebateum alkaloidb 
CHAMOMILE OIL An essential oil distilled 
from chamomile flowers Both the Enghsh or 
Roman oil of chamomile (from Anthemis nohilis) 
and the oil from Matncana Charmmillaexo blue, 
or greenish blue, and boil between 105®-300® 
In the oil from Matricaria ChamomiV% Kachler 
{B 4, 36) found a liquid O.oHieO (160®-170°), a 
terpene (165®-185®) (c/ Bizio, Sitz B 48 [2] 
292), and a blue hquid (C,oH,flO)x (270®-800®), 
whence K forms a terpene (OJ0H48) and P 
forms cymene {cf Borntrager, A 49, 243) 
English (or Roman) oil of chamomile consists 
of isobutyl isobutyrate (149®), isobutyl angel 
ate (177®), amyl angelate (200°), amyl tiglate 
(205°), hexyl angelate, hexyl tiglate, and an 
themol {q v) (Fittig a Kob A 196, 106 , 
van Romburgh, R T C 5 , 220 , cf Demarqay, 
C B 77, 860) Petroleum uther extracts from 
chamomile flowers [Anthemis nobilis), in addi 
tion to the above liquids, very small quantities 
of two sohds [64°] and [189°] , the former is 
possibly CigHsg (Naudm, Bl [2] 41, 483) 

CHARACIN A white unctuous substf Yce, 
soluble m ether, occurring in Palrmlla cruenta, 
VaucheriaterrestriSy and other Osc llaruB’gteQoni 
m fresh water (Phipson, G N 40, 86) 
CHARCOAL V Cabbon 

CHEBULIC ACID C^HgOj (?) Occurs in the 
fruit of Terminalia Chebula (Fridolm, 0 C 
1884, 641) Trimetric prisms, sol alcohol and 
hot water , has a sweet taste Reduces Fehling’s 
solution Fe Clg gives a blue black pp Differs 
from gallic acid in giving no colour with aqueous 
KCy 

CHELERYTHEINE [160°] S 

(alcohol) 33 at 17° Occurs in very small 
quantity in the root and unripe fruits of the 
common celandine [Chelvdonium majus)^ and in 
the root of the yellow sea poppy [Qlaucium lu 
teum) (Probst, A 29, 120 , 31, 250) Sanguinaria 
canadensis contains an alkaloid, ^«ngumarine, 
which IS possibly identical with chelerythnne 
(Schiel, Am S [2] 20, 220 , hut cf Naschold, Z 
1870,119, Henschke, C C 1887, 243) NH, 
throws it down from solution in dilute acids as a 
flocculent pp , v sol ether, CSg, chloroform, and 
benzene Its solutions fluoresce violet Acids 
turn it red — B'HCl aq red, v sol water and 
alcohol — B'jHjPtCle aq — (B'HI)54Hgl2 — 
(B'HCy),4PtCy2 

CHELIDONIC ACID C,U^O,i6 
.CH C CO2H 

COC >0 (Haitmger a Lieben) or 
\CH C CO2H 


0 C C(C02H) CH C CH CO2H (Leroh) [220°] 
S 6 at 8® , 3 9 at 100® Occurs as calcium salt 
m the sap of the celandine Chelidomum tnajus 
(Probst, A 29, 116 , Lerch, A 67, 273 , M 6, 
367 , Lietzenmayer, Dissertation^ 1884) 

Reactions — 1 By warming with water and 
bromine it is split up into oxalic acid, bromo 
form, and penta bromo acetone (Wilde, A 127, 
165) —2 Agiieous alkalis in the cold turn it 
yellow, forming xanthochelidonic acid 
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on boiling it is split np into oxabo aoid and 
ftoetone 0^46, + 8HjO = 2H2O2O4 + CjHjO — 
8 Arnmoma fonna ohelidamio (oxypyndine di 
earboxybo) acid (Lieben a Haitinger, B 16, 
1259) —A Zvnc and acekc acid reduce it to 
hydrochebdonio acid — 6 HI forms 

pimelic acid CjH,o(C02H)2 —6 Sodvum amalgam 
gives hydro xanthochebdonic acid — 7 At 220®- 
230® it gives off CO2 forming comanic acid 

C«H404 

Salt!.— Chebdomo acid is dibasic It dis 
solves zinc and iron and decomposes carbonates 
The normal salts are mostly soluble m water 
and crystalhsable , those of the alkalis and 
alkaline earths are readily transformed into salts 
of xanthochebdonic acid (this led formerly to 
the belief that the acid was tribasic) The acid 
salts crystallise in needles, are soluble in water, 
and redWen litmus — K^A" — (NHJ^A" 2aq — 
Na2A"34aq — NaHA"2aq (at 100®) — 
NaH3A"^22aq — ^ CaA"3aq — CaHgA'^daq — 
BaA"aq — BaH^A'^Saq — PbA"aq — Ag^A'' — 
AgHA" aq • 

Mono ethyl ether EtHA" [224°] (H a 
L ), [184°] (Leroh) White needles , gives with 
AgNOj the salt EtAgA" trimetric prisms 

Di ethyl ether ^i^k" [63® cor] Golden 
tricbnic prisms, sol water, alcohol, and ether 
Xanthoohelidomo acid Chehhydro- 

me acid 

Preparation — When chebdonic acid is dis 
solved, at ordinary temperatures, m excess of 
aqueous alkalis or alkaline earths it assimilates 
water and the resulting yellow solution contains 
a salt of xanthochebdonic acid (Haitinger a 
Lieben, M 6, 347 , Lerch, M 6, 377) On adding 
aqueous KOH to an aqueous solution of calcium 
chelidonate CaOyHaOg, a yellow jelly CaKC^HsO, 
separates, and ultimately coagulates This salt 
18 ac dified with H2SO4 and the xanthochebdonic 
acid extracted by ether that contams alcohol 
Properties — Amorphous, transparent, hygro 
Bcopic mass Its aqueous solutions give lemon 
yellow pps with bases Ee^Olg gives a dark red 
colouration AgNOj gives in neutral solutions 
a yellow pj^Aurned chocolate brown by boiling 
Xanthoohebdomc acid gives the iodoform re- 
action Sodium amalgam reduces it to hydro 
xanthochebdonic acid (C^HjjO, ?) Its salts 
readily change into those of chebdonic acid 
Salts — OajA"" yellow powder — 
Ag3HA""4aq yellow pp — Ag,A'"' chocolate 
brown powder — Ag4CaH2A""„ 4aq yellow — 
Ag„CaA"" chocolate — Pb,Ca3A""4 — BaOaA"" 
— Ca3K2A'"'2 4aq 

Hydro-chehdonic acid C^HioGj [142°] Pre- 
pared by reduemg chebdonic acid with zinc and 
acetic acid, and purified by means of its zinc 
salt (Haitinger a Lieben, M 6, 353) Groups 
of colourless leaflets (from water) , sol alcohol, | 
el sol ether It does not give the iodoform re 
action KMnG4 oxidises it to oxalic and succinic 
acids HI reduces it to pimelic acid 

Salts — ZnA"2aq monoclmic six-sided 

tables , a b c = 1 029 1 1 737 , ^ - 80®8' 
(Zepharovich, M 5, 855) — CaA" aq — AgjA" 
Chehdamio acid OrH^HG^ i e 
C*H2N(GH)(CG2H)2 or 



OH 

^O(OOjH) OH^ 


Amntonchehdomc acid (Py 1) Oxy vyndvM 
{Py 3, 5) di carboxylic acid Prepared by eva 
poratmg chebdonic acid with excess of ammonia 
and ppd by HOI (Haitinger a Lieben, M 6, 283 , 
Lerch, M 6, 383) Six sided tnmetno pnsma 
(contaimng aq) , si sol cold water and alcohol, 
insol ether Its solutions give a red colouration 
with Fe201a and a gelatinous pp with AgNG, 
Beactions — 1 Split up by heat at 230°, or 
by water at 196° mto CG^ and oxy pyndme —2 
DistiUation with zinc-dust gives pyndme 

Salts — H2A"HC1 aq — PbA' minute 
prisms — Pb3(C,H2NG4)2 silky needles — 
Pb(NH4)(C,H2NG3) needles — PbAgOANG^ — 
BaPb2(C;H NGJa 3aq —PbKC^HaNGa — AgjA" 
— CaA" 2aq — Ca8(07H2NG4)2 8aq — 

Ca(NHJC,H2NG3 2aq 

Di ethyl ether Et2A"aq [81°], Needles 
Di-bromo-chebdamic acid C7H8Br2NG,2aq 
Di bromo oxy pyridine di carboxylic acid From 
chelidamic acid, water, and Br Deliquescent 
needles or pnsms , si sol alcohol Gives a purple 
colouration with FejCla — AgjA" 


Di-ohloro-chehdamio acid CjHgCljNGj aq 
From chelidamic acid, KGHAq, and Cl Tri 
metric prisma — AgjA" — Pbg(07Cl2NG5)2 

Di-iodo-chelidamic acid C7H3I2NO5 From 
chelidamic acid, KGH, and I Slender needles 
Methyl chelidamic acid CgH^NGg i e 
C5HMeN(GH)(OG2H)8 Oxy methyUpyridine di- 
carboxylic acid From ohebdomc acid and 
methylamine Gives a yellow colour with FejClg 
AgNOg pps neutral solutions, but not solutions 
of the free acid (difference from chelidamic acid) 
Heating with HClAq does not split off MeCl 
showmg absence of methoxyl Heat splits it up 
into CGg and oxy methyl pyndme Bromine 
gives a di bromo derivative CgH^BrjNGg which la 
split up by heat into OGg and di bromo-oxy 
methyl pyndme [196°] 

Phenyl-chelidamio acid CuHgNGsaq te 
C6H(CA)N(GH)(CG2H)2 From chebdonic acid 
and aniline Silky needles Gives a golden 
colouration with FejClg When heated it yields 
oxy phenyf pyndme 


Chelamine v Gxy ptbidine 


CHELIDONINECgoHigNgGgaq [186°] Occurs 
m the root of Gheltdonivm moQUS and separated 
from chelerythrme by ether m which it is less 
soluble (Probst, A 29, 123 , Eeabng, A 29, 131 , 
Will, A 35, 118 , Hensohke, C G 1887, 248) 
Tables (from acetic ether) Insol water, sol 
alcohol and ether Gives a green colour with 
Erdmann’s solution (Eijkman, B T 0 3, 190) 
-B'gHgPtOlg 

Preparation —The expressed juice fl kilo ), 
clanfied by albumen, is acidulated witn HNO, 
(7 g of S G 13) and ppd by lead nitrate. The 
pp IS decomposed by calcium hydrosulphide, 
the filtrate is acidified by HOI, decolorised by 
animal charcoal, and evaporated The Ca salt 
that crystallises out is purified by conversion 
into the Ag salt, whence the acid is bberated by 
HCl (Lietzenmayer, M 6t 841) 

Properties — ^Needles containing 2aq (from 
water), m sol hot water, v si zou aloohoL 
It gives the iodoform reaction. 
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CHEMICAL AND PHYSICAL PROPERTIES 


OHEKICAI AHB PHYSICAL PBOPEETIES 
OF BODIES, CONNEXIONS BETWEEN 

Certain properties are common to all kinds of 
matter, others are characteristic of this or that 
kina only Thus, every material substance is 
acted on by the force of gravity in exactly the 
same manner, but only a few liquids rotate 
the plane of polarisation of a ray of light 
Properties belonging to the second of these 
classes are subdivided into two groups, physi 
cal and chemical properties Chemistry deals 
with those changes in the properties of material 
bodies which are accompanied by changes in 
the composition of the bodies Physics deals 
with changes in the properties of bodies the 
composition of which remains the same When 
the totality of properties by which a body is 
known remains unaltered throughout any pro 
cess, that process is called physical , when 
the result of any process is a body or bodies 
with properties so different from the totality 
of those of the original that the original can 
no longer be said to exist, that process is 
called chemical Physical and chemical pro 
cesses are always closely connected in their 
occurrence , no chemical change takes place 
without some accompanying physical change, 
and it is probable that every physical change is 
to some extent accompanied by chemical 
change Many physical properties are quanti 
ties which may be accuiately measured, eg 
melting and boiling points, specific gravity, dc , ' 
&c Change of composition of a body or sjs 
tern of bodies is verj fiequently accompanied by 
change in the value of one or more of these 
measurable quantities , in other words, the 
physical constants of a body are conditioned, 
among other circumstances, by changes in the 
variable, chemical composition By the chemi 
cal comiiosition of any homogeneous kind of 
matter is meant, in the first place, a statement of 
the elements, and of the mass of each element, 
in a given mass of that body m this meaning • 
of the term the chemical composition of a 
body or system can be accurately stated, and 
definite relations can be determined between 
changes in the composition and changes in the 
values of such physical properties as melting 
and boiling points, specific rotatory power, spe 
cific refractive energy, and so forth When the 
relations between the two groups of changes 
have been studied and generalised, it may be 
come possible to infer the amount and cha 
racter of a change of composition from measure 
ments of the changes in the values of a few 
physical properties It would be impossible to 
study the relations between every chemical 
change and the accompanying variations in the 
physical properties of the bodies forming the 
changmg system , it is necessary to select 
typical cases, and to study these as accurately 
and minutely as possible As a rule, one physi 
cal property is chosen for measurement , the 
composition of the system is defined to begin 
with , the system is allowed, or caused, to pass 
into another definite state , and the variation 
in the value of the chosen property is determined 
But when it is found that several distinct 
kinds of matter exist, each homogeneous, each 
distinguish d by definite properties, and each 
containing in a given mass the same masses of 


the same elements, it becomes necessary to 
widen the meaning of the expression chemical 
composition It becomes necessary to frame an 
hypothesis to account for the observed facts 
The hypothesis generally adopted asserts that 
matter has a grained structure, that a mass of 
any kind of homogeneous matter is composed of 
a vast but not indefinite number of minute 
parts , and that the properties of the mass are 
conditioned by the properties of these parts 
These minute portions of matter l e called 
molecules But the molecule is not necessarily 
itself without parts The chemist asserts that 
every molecule is built up of a definite number 
of smaller parts either of one or of several 
kinds of matter Those parts of molecules are 
called atoms The atoms of elements are the 
ultimate forms of matter with which chemistry 
at present concerns iiself The hypothesis 
goes on to assert that the properties of a 
molecule, and hence the pr perties of any 
portion of homogeneous matter composed of 
molecules of this kind are conditioned by the 
nature, the number, and the relative arrange 
ment, of the atoms which together form the 
molecule In other words the hypothesis 
declares that the molecule is itself a structuie 
On this, hypothesis, by the chemical eomj, jsi 
tion of a body is meant a statement of the na 
ture, number, and relative arrang ment, of the 
atoms which form a molecule of the body Wo 
know as yet almost nothing about the configu 
ration of atoms m molecules , but chemistry 
has formed certain more or less clear hj 
potheses, and attempts are constantly being 
made to connect changes in the values of 
various physical properties with va'iations in 
the relative arrangement of atoms in molecules, 
as this arrangement is conceived by the hy 
potheses in question 

But the physical conception of the molecule 
18 derived from the study of various gaseous 
I phenomena the physicist deals with the mo 
lecule as a whole, he pictures the molecules as 
performing ccitain vibrations, on the form, 
amplitude, and rate, of which +he physical 
properties of bodies depend The two concep 
tions, the chemical and the physical concep 
tion, of the molecule are therefore to a great 
extent mutually independent In how far then, 
one may ask, can a development of the chemical 
conception be looked for by using physical 
methods of inquiry ? Looking at recent re 
searches, it seems probable that the chemical 
conception of the molecule must be very con 
siderably modified, and must be brought more 
into harmony with the physical conception 
The latter is itself to some extent being changed 
by the development of the theory of vortex 
atoms But it must not be forgotten that the 
physical conception, in so far as it is a cleai 
conception, has been developed almost wholly 
from the study of gaseous laws, more especially 
of the laws which express the relations of the 
volumes of gases to temperature and pressure , 
these relations are dependent on the states of 
combination of the parts of molecules, and are 
m no way affected % the nature or number of 
these parts The chemical conception, on the 
other hand, must be made sufficiently elastic to 
cover the phenomena presented by gaseous, 
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liquid, and solid, compounds , and most of the j 
chemical processes which occur among com | 
pounds belonging to these classes are con 
ditioned both by the nature and number, and by 
the states of combination, of the atoms which 
form the chemical molecules of the reacting 
bodies The chemical conception of the mole 
cule will probably be modified when we know 
more of those properties which, like the relation 
between the volumes of gases and the tempeia 
ture and j^essure of these gases, are to a great 
extent, if qot altogether, independent of the 
nature and numbers of the constituent parts of 
molecules The physical conception will pro 
bably be modified as wo learn more of those 
properties which, like specific heat, are for 
the most part dependent on the nature and 
numbers of the constituent parts of molecules 

(V MoLECtlLAK STBUCTURE OF MATTER, THEORIES 
UEGARDINO) 

Chemistry regards not only changes in the 
composition, but also changes in the properties, 
of bodies , she attempts to generalise not only 
the laws of composition, but also those of the 
mutual actions, of bodies The study of the 
connexions between changes of composition 
and variations in physical properties of chemi 
call^ reacting bodies will throw light on the 
nature of chemical change When accurate 
measurementt^have been made of the quantities 
of heat which disappear or are produced in a 
senes of typical chemical processes we shall be 
able to apply to these processes the knowledge 
of heat energy which is generalised in the ther 
raodynamical laws Chemical change may then 
perhaps be shown to be a special instance of the 
working of these laws The conditions of che 
mical change on the one hand, and of physical 
change on the other, must be studied, in order 
that *'he laws which express these conditions 
may be gained , the relations between these two 
groups of laws must then be ascertained , thus 
it may become possible to attain to clear mental 
images of natural phenomena as wholes which 
now present one aspect to the physicist and 
another to tht chemist 

For accounts of the various physical methods 
employed in chemistry, and r6sum6s of the more 
, important results, v Physical methods 

M M P M 

CHEMICAL CHANGE Chemical science 
IS based upon the hypothesis that matter is con 
stituted of extremely small particles or atoms, 
and that these atoms are capable of aggregating 
together by virtue of certain inherent properties 
or forces, their affinities, to form complex atomic 
structures or groupings 

The recognition of this distinctive force by 
the older chemists led them to propound various 
theories to account for its existence and explain 
the phenomena of chemical action (u Affinity) 

With the nature of this force we are not con 
oerned here, but only with the phenomena that 
accompany its exhibition and the circumstances 
that modify its action 

By a chemical change, therefore, is meant any 
alteration either (1) of liie character of a per- 
mutation in an atomic group, such for mstance 
as IS exhibited m the change of ammonium 
cyanate, NH.CNO. mto urea (NH 2 ),CO, or (2) 
a permutation between two or more such groups, 


as AB + CD =* AD + BC, which groups may be of 
vanous degrees of complexity , or (3) the^ange 
may arise from a combination such as 
AB + CD = ABCD, or the converse of this, as is 
seen m the phenomena of dissociation 

The majority of chemical changes may be 
formulated as permutations between two sets of 
atomic groups , such as the action of bases on 
acids, the decomposition of one salt by another, 
or the combination between gaseous elements as 
+ CI 2 = 2HC1 Examples of chemical change 
according to case (3) are of less frequent occur 
rence than the last , such are the formation of 
double salts like the alums, the combination of 
certain gaseous molecules with oxides, &c , as 
CaO + COa^CaCOa and CO + Cls^COCl The 
number of strikingly marked instances that 
could come under the head of permutations in an 
atomic group is very small, but such changes 
may be of frequent occurrence, producing altera 
tions in physical and chemical properties too 
slight to be recognisable 

There are several bodies which are known to 
undergo remarkable and highly interesting 
physical, and consequently no doubt chemical, 
changes, when heated, but whether such changes 
come under class (1) or class (3) is undecided 
Among such substances are phosphorus, para 
cyanogen, and cyanuiic acid In the case of 
phosphorus, the change from the yellow to the 
red modification, caused by heat or light, is 
probably due to an alteration m the state of 
aggregation of the atoms , that is to say, if the 
molecule of yellow phosphorus be that of the 
red modification is probably Pm , for solid para 
cyanogen, which is converted by heat into 
gaseous cyanogen, and for eyanurio acid, the 
same may be true, with or without a re arrange 
ment among the constituent atoms of the 
molecules {v Allotropy and Isomerism) 

The study of the phenomena attending a 
chemical change shows that in many instances 
there is an accompanying evolution of energy, 
from the changing system, in one form or 
other, either as heat, or light, or as electrical 
currents In other cases to produce a chemical 
change expenditure of energy is necessary 

What nAy be the nature of the chemical 
foice or afiinity that acts between atoms is not 
known, but it is characterised from gravitative 
force by this difference, that whereas gravitation 
acts upon all kinds of matter alike, depending 
merely on the masses of the bodies, chemical 
attraction or affinity depends upon the kinds of 
matter that are presented to each other, as well 
as upon the conditions under which the bodies 
are bi ought together , in other words, it is an 
elective attraction modifiable by circumstances 
For instance, at aredheat metallic iron is oxidised 
by water vapour and hydrogen is set at liberty, but 
at a lower temperature oxide of iron is reduced 
by hydrogen with the formation of metallic iron 
and water vapour , a mixture of hydrogen and 
chlorine will remain unchanged for any length 
of time in darkness, but exposure to sunhght 
will cause almost instantaneous combmation, 
and the resulting compound (hydric chloride) may 
be again converted mto its original constituents 
by heat If to a solution of silver mtrats a piece 
ot metallic copper be added, metallic silver is 
ppd ,and copper mtrate formed, and ifuc^tothe 
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copper nitrate a piece of zinc or iron be added, 
metallio copper is ppd , and zmo or iron nitrate 
is formed 

These illustrations are sufficient to show the 
relativity of chemical affinity as depending both 
upon the conditions to which the system is sub- 
jected as well as upon the quahties of the matenals 

Under whatever conditions a chemical 
system may exist in which a change is happen- 
mg, the atomic forces at work will continue to 
act until a state of more or less stable equili 
bnum IS reached, after which no further action 
will take place , and the ultimate limit reached 
will depend upon (1) the relative quantities of 
the reacting bodies , and (2) the conditions to 
which the system is subjected As the system 
passes from the initial to the final configuration 
there will be a loss or gain of energy equal in 
amount to the difference between the total 
energy of the system m the two states The 
rate at which the change takes place will depend 
also upon the same two circumstances These 
two statements amount to this , that, represent 
lug a chemical change by the equation A + B = 
A' + B', all the atomic forces at work producing 
the transformation have not invariably the same 
ratios, but that the ratios vary with variations in 
the conditions as regards heat, light, &c , and, 
consequently, any determinations of the relative 
affinities of the members of the system can only 
be looked upon as expressing certain ratios that 
hold good under special conditions The final 
state reached by the system, and the rate at 
which the change progresses towards that state, 
vary with the relative masses of the reacting 
bodies, other things being equal, although the 
atomic forces or the affinities remain the same 
In other words the final configuration, and the 
speed of attaining it, are each a function of the 
reacting masses and of the atomic forces, the 
latter being a function of the physical conditions 
to which the system is subjected 

The phenomena of dissociation furnish many 
examples of these facts , as do also those 
systems which are limited by inverse actions and 
do not properly come under the term dissociation, 
wherem both the masses of the constituents as 
well as the conditions, especially as tegards heat, 
influence the change in its amount and rate 
The great field offered for mvestigation by 
fractional pptn will, no doubt, afford many strik 
mg instances of the variations of the affimty 
values under diverse circumstances when the 
subject is worked out 

From the foregoing considerations it is clear 
that a chemical system may or may not undergo 
change by virtue of any mtrinsic forces acting 
among the constituents, but that such will 
happen only according to the conditions to which 
it 18 subjected Eeactions which at moderate 
temperatures take place with evolution of much 
energy may be completely suspended by lowering 
or mcreasing the temperature, excludmg light, 
or altermg the pressure, m other words, the 
forces or affibmties resisting change, if greater 
than those tending to produce an alteration 
under some oircumstances, may be reversed 
when these circumstanoeB are altered 

Ther'» are, however, a number of interesting 
examples i^ which the stabihty of a system 
seems to be overturned by the mere presence 


of an extraneous body which itself undergoes 
no apparent change For mstanoe, oxygen and 
SOj do not combine when moderately heated, 
but if passed over spongy platmum combmation 
readily occurs Sometimes again the inter- 
mediate body does undergo change, as when 
chlorme is passed over a strongly heated mixture 
of carbon and silica, whereas without the addi- 
tion of carbon the silica is not acted upon by the 
chlorine , or, platinum, which itself is insoluble 
m nitric acid, may be rendered solifole in the 
same acid by alloying it with silver (v post^ 
Catalytic changes, p 760) 

Some equally remarkable instances of the 
apparent necessity of the presence of a third 
body in order to bring about chemical action 
between two others have been noticed Wanklyn 
(C N 20, 271) found that perfectly dry chlprme 
gas has no action upon metallic sodiuifi Couper 
(C J 43, 153), starting from Wanklyn’s observa- 
tion, has examined the action jf dry chlorine on 
several metals that are acted upon vigorously by 
the moist gas He found that dry chlorine has 
no perceptible action on Dutch metal, whereas 
with the moist gas combination takes place, 
with production of heat and hght , or on touching 
the metalhc surface when in an atmosphere of 
dry chlorine with a drop of water, instant Com 
bination occurs Couper examined a number of 
metals in the same way with the following re- 
sults the chlorine gas used was allowed to 
stand over CaCl^ for several days to thoroughly 
dry it Zinc, and magnesium, showed no action , 
silver, slight action , bismuth, combmation 
slow , arsenic, antimony, and tin, rapidly acted 
upon It IS worthy of note that these last three 
metals form volatile chlorides liquid at ordinary 
temperatures With mercury, combination 
I equally rapid, with dry or moist chlorine 
Potassium showed slight action, probably due 
to adheiing KHO, with proper precautions 
against moisture, action was slow Dixon 
{T 1884, 617) has observed a somewhat ana 
logous fact relating to the combination of gases 
under the influence of the electric spark He 
has shown that if a mixture of cOO and O be 
perfectly dried by PgOj, and be then subjected 
to the spark from a large Leyden jar or a 
Buhmkorff’s coil, union does not take place , if, 
however, the slightest trace of moisture be 
admitted to the mixture, and the spark again 
made to pass, combination occurs The hypo- 
thesis Dixon advances to account for these facts 
IB that the intervention of water molecules is 
necessary to bring about combination, a molecule 
of water being decomposed under the influence 
of the spark by one of carbonic oxide to form 
carbomc acid and free hydrogeri, the latter m 
its turn combining with the oxygen to form 
water this cycle of operations bemg repre- 
sented by the equations H^O + CO + CO^ , 
H^ + O — HjOj consequently a comparatively 
small number of water molecules are necessary 
to effect complete combustion (See also C J 
49, 94 ) Phosphorus and carbon have been 
shown by Baker (C J 47, 849) to combine with 
oxygen less energetically m the absence of mois 
ture than when moisture is present , and Barn- 
say and Young {C J 45, 93) observed that if a 
mixture of diyH and N is passed through a 
tube containing iron filmge at a red heat no 
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ammoma is formed, with the moist gases, how 
ever, a trace of NH, is obtamed 

Allotbopzo Ohanob 

Several of the elementary bodies are known 
to exist in two or ijiore different modifications, 
such for instance as sulphur, selenion, carbon, 
phosphorus, and oxygen the several forms of 
each element exhibit more or less strongly 
marked di^rences in chemical as well as physical 
properties It is probable that such different 
modifications^)! one elementary body consist, as 
in the case of oxygen and ozone, of different 
atomic groupings or aggregates of atoms The 
means by which the change from one modifica 
tion of an element to another is brought about 
are various Oxygen is converted mto ozone by 
the elfectric^park or ‘sileift discharge,’ and ozone 
is changed again mto oxygen by heat, yellow 
phosphorus is converted into the red modification 
either by light or oy heat, and the red modifica 
tion IS again reconverted into yellow phosphorus 
at a higher temperature , sulphur and selenion 
undergo several changes under the influence of 
heat , in the case of carbon, the conditions no 
cessary to bring about metamorphoses are not 
fully I nown 

Tte study of certam isomeric compound 
bodies (v Isomerism) has shown that the 
transformation of one isomeride into another is, 
m some cases, somewhat analogous to the 
phenomena of dissociation If solid para 
cyanogen (CN)„ is heated in a closed vessel to 
800° it is entirely converted mto cyanogen gas 
(^CN)2 , the pressure increases until the gas con 
denses and is liquefied on the cooler parts of the 
apparatus At temperatures below 500° little 
or no decomposition occurs As the para 
ejanofen is heated above this temperature a 
slow transformation takes place mto gaseous 
cyanogen, and the transformation continues 
until the pressure of tH\^cyanogen gas attains a 
certam definite limit beyond which it does not 
rise, and there is no further evolution of gas 
Exhausting the apparatus and maintaining the 
temperature, tne pressure again rises to its 
previous limit and remains stationary however 
long the heating is continued For every such 
temperature there is a maximum pressure 
reached which limits the further decomposition 
of the paracyanogen- mto gaseous cyanogen If 
now when the pressure has attained its limit, 
at a given temperature, a quantity of cyanogen 
gas IS forced mto the apparatus, the pressure 
slowly falls to the initial limit with the trans 
formation of gaseous cyanogen mto solid para 
cyanogen Troost a HautefeuiUe (C B 66, 736, 
795) have found the folloi^ng values for these 
pressures of transformation at different tern 
peratures — 

Temp. Pressure of transformation. 

602° 64° mm 

606 66 „ 

669 123 „ 

676 129 „ 

687 167 „ 

699 275 „ 

601 818 „ 

629 668 H 

640 1810 n 


The transformation of sohd paracyanogen 
mto gaseous cyanogen is seen to be analogous 
to the volatihsation of a hquid m presence of 
its own vapour , but the formation of red phos- 
phorus from the yellow material or vice versd la 
a more complex process If a quantity of yellow 
phosphorus is heated in a closed vessel (say to 
600°), the mass of phosphorus bemg more 
than sufficient to volatilise m the space, a maxi- 
mum pressure is quickly attamed After a tune 
the pressure gradually falls, more or less quickly 
according to the temperature, till it reaches a 
minimum at which it remams constant Pro 
vided there is no change of temperature, the 
vapour of the phosphorus is gradually converted 
into the red modification which condenses on the 
sides of the apparatus If the quantity of phos 
phoruB introduced mto the apparatus is just 
sufficient to volatihse and fill the vessel with 
vapour at the first pressure (the heating bemg 
continued), red phosphorus begins to form after 
a time, and the pressure continues to fall until 
the minimum limit is reached as before If, 
however, only sufficient ordinary phosphorus 
is used to fill the apparatus with vapour at the 
lower hmit of pressure, no red phosphorus is 
formed, however long the heating may be con- 
tinued These two pressures — the maximum is 
first attamed, and the final minimum hmiting 
the transformation of yellow mto red phos- 
phorus — depend solely upon the temperature 
Troost and Hautefeuille (A Ch [6] 2, 163) found 
the folio wmg numbers relating to these pheno 
mena 


Temp 

Pressure of vapour of 
p limiting the trans 
formation 

Maximum pressure 
of p vapour first 
produced 

360° 

12 atms 

3 2 atms 

440 

176 „ 

7 6 „ 

487 

6 80 „ 


494 

— 

18 

603 

— 

219 ^ 

610 

10 8 „ 


611 


26 2 w 

631 

16 

— 

650 

» 81 



677 

66 

— 


The rates at which the transformation takes 
place as well as other phenomena exhibited 
during the change have been studied by Lemoine 
(-4 07a [4] 24, 194) He gives the following 
numbers illustrative of the progress of the 
change m time 



Lemome (0 B 73, 990) has given a mathe* 
matioal theory of the changes that red or yellow 
phosphorus undergoes when heated m inclosed 
vessel, and has compared his formula with the 
zesultB of ezpenmeut Let s be the total maii 
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of material introduced into a space v, and let y 
be the mass of yellow phosphorus formed or 
existing at time t , if the red phosphorus be 
supposed to remain in the same state of divi 
Bion throughout, its free surface will be sensibly 
proportional to its mass v — y The quantity of 
yellow phosphorus evolved, 5^,, in time H is 
equal to a{F-y) H, and the quantity of the ordi 
nary phosphorus, 51/2, transformed into the red 

modification m the same time is 6(p - y)^ , the 

V 

total effect is therefore the difference between 
these two quantities, or 

dy = hy^-Zy^^a{v^y)-h{v-y)y 

V 

which may be written =^f{0-y) 

presenting the rate of change in terms of the 
ordinary phosphorus existing 

For further account of Allotropic Changes 
V Allotropy 

Influence op Pressure on Gaseous Changej 

Many bodies when subjected to the influence 
of heat in the gaseous state, undergo marked 
changes either in their physical or chemical 
properties, or in both , such changes result more 
particularly m a diminution of molecular den 
81 ty or a disruption of molecular structure 
Among such bodies maj be cited, mercurous 
chloride, chloral hydiate, phosphoric chloride, 
hydriodic acid, nitric pei oxide, hydric selenide, 
amylic bromide, and acetic acid In the case of 
some of these bodies the changes m question 
have been proved to be the accompaniment of 
disruption or dissociation of their molecules 
{v Dissociation) , in other cases, such as nitric 
peroxide and acetic acid, there is no complete 
proof that the changes in density which these 
l9odjes suffer when heated in the gaseous state 
are really occasioned by a dissociation of their 
molecules, or are due to the fact of their vapours 
not obejmg the dilatation law even when sulli 
ciently far removed fiom the liquid state as to 
place them under the category of gases Con 
sidered from these two points of view, it is e\ident 
that the dilatation of a gas under the influence 
of heat may be of a twofold character, arising 
from two distinctly separate causes, firstl}^, the 
expansion may be purely physical, varying or not 
according to the dilatation law, and secondly, 
there may be expatision as the accompaniment 
of a chemical change, viz , separation f)f the 
gaseous molecules into simpler groups of atoms 
An observed variation of density at different 
ten^peratures may be produced by either of these 
two causes, or by both combined, and it becomes 
therefore a matter of great importance to be 
able if possible to discriminate these two actions, 
and to say to which of them the observed results 
are to be ascribed If it could be shown that a 
diminution of pressure produced the same vana 
tion m the densities of certain gases as has 
been observed under the influence of heat, a 
great point would be gamed in favour of the dis 
sooiation theory m setthng the cases under 
dispute It would seem possible that a dis 
cnmmftjliion between the two possible phenomena 
aocountin^or abnormal densities might be made 
by introducing the element of time into such 


investigations To make this clear, take the gas 
mtrogen tetroxide, whoso vapour density at low 
temperatures has been found to be approxi 
mately represented by the formula NjO^, while 
at high temperatures it corresponds to NO^ (the 
vapour densities being 3 18 and 1 69 respec 
tively) Now Troost (G B 86, 1394) found the 
vapour density of nitrogen tetroxide at 27° and 
at low pressures to be as follows 

Pressure Density - 

35 mm 16 

16 „ 159 (NO, -^159) 

These results show that the same change takes 
place under diminished pressure as occurs under 
the influence of heat at ordinary atmospheric 
pressures , that is to say, these numbers indicate 
that, if the observed cl^anges in density ar^ due 
to dissociation of the molecules N2<^4 into the 
molecules NO2, then under a pressure jp the ratio 
of the number of molecules of to NOjis dif 
ferent from the ratio when tj|ie pressure is altered 
to p\ temperature being the same in each case 
The proof of this assertion is of considerable 
importance in the theoiy of dissociation, 
whether the change in density is or is not to be 
attributed to the supposed fact, that the gas 
N2O4 forms an exception to the dilatatioft law, 
would seem to be capable of indisputable proof 
by introducing the element of time into the ex 
periments If the gas N O4 is really dissociated 
into NO under diminished pressure, 2 vols 
NjO, would give 4 vols NO^ , now, by the 
kinetic theory of gases it is conceivable that 
this dissociation would take place practically m 
stantaneously when the temperature was in 
creased or the pressure was diminished, whereas 
on reversing the process the molecules of NO^ 
would require some time before meeting with 
the requisite number of partners to re form the 
molecules of N^O^ Such an expeiiment might 
form a crucial test of thr truth of the dissocia 
tion hypothesis for V a particular gas, and it 
might also be applied to other cases, for it is 
scarcely conceivable that the coefficient of dila 
t xtion of a gas should alter in time Natanson 
{W 24,454) has determined the ratio between 
the specific heats of nitrogen tetroxide by 
means of Kundt’s dust figure method, his resulted 
seem to show that as the pressure deci eases this 
gas passes from a more to a less complex mole 
QUxai structure 

In the determination of the vapour densities 
of several bodies whose abnormal dilatations are 
almost undoubtedly to be ascribed to the disrup 
tion or dissociation of their molecular struc 
tures, the influence of time on the phenomenon 
has been several tim^ observed, and has been 
made the subject of investigation by Naumann 
for the particular case of ammonium carbamate 
(v next page) 

Wurtz {C B 60, 728), when determining the 
vapour density of amylio bromide (b p 113°) 
between 153° and 3b0°, noticed that when the 
vapour was suddenly heated to 225° the density 
was 4 69, whereas in another experiment when 
the vapour had been maintained at this tern 
porature for ten mmutes the density was 3 68 
These results show undoubtedly that the diminu- 
tion m density, or the dissociation produced by 
heating, required time to be effected, and hence was 
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iue to a chemical change and not to a variation 
tn the coefficient of dilatation of the gas 

Naumann {A 160, 1) studied the influence of 
tune on the dissociation and re formation of 
ammonium carbamate , the following tables 
illustrate the general bearing of his experi 
ments — • 


Speed of dissociation of NHgjaCO^ at 46® 


Pressure under 
the dissociJJtiou 
pres'^ure which 
=354 mm • 

Increase of 
pressure 

Time of 
increase 

124 mm 





37 

87 mm 

5 mm 

17 

20 

5 

10 

7 

5 

6 

4t 

5 

4 

2 

5 

3 

1 

5 

25 

5 

5 

2 

5 

5 

15 

4 

5 

0 

15 

17 


Speed of formation a combination of 
2^3 + CO2) at 20® 


F^cessof proosuro 
over dissocutmg 
pressure 

(=62 4 mm ) at 20° 

Decrease of 
pressure 

Time of 
decrease 

185 

mm 

— 



140 

ft 

45 mm 

2 5 mins 

90 


50 „ 

5 

63 

f> 

27 „ 

5 

45 


18 „ 

5 „ 

SO 

ft 

15 „ 

5 

«21 

,, 

9 „ 

5 

10 

11 

6 „ 

5 

10 

99 

r ■ 5 ,, 

5 

6 

99 


5 „ 

4 

99 

2 „ 

5 „ 

1 

99 

3 „ 

10 „ 

0 

99 

1 M 

0 y. 

0 

99 

0 „ 

5 „ 


In these two examples it is seen that, starting | 
with a mass of solid ammonium carbamate (N lu 
mann showed by his experiments that at all tern 
peratures the gas evolved consists of 2NH3 + CO ) 
and suddenly increasing the temperature, a con 
mderable time is required before the normal 
pressure of dissociation corresponding to that 
temperature is reached In like manner, by sud 
denly dimimshmg the temperature, the recombi 
nation of the ammonia with the carbon dioxide 
to form the solid (NH3)^C02 does not take place 
instantaneously, but a considerable time elapses 
before the pressure corresponding to the 
lower temperature is arrived at Although ana 
logons in some respects to the volatilisation and 
condensation of a liquid, the phenomena exhi 
bited by (NHg)2C02 when heated are characterised 
by their greater slowness 

In experiments relatmg to vapours of vary- 
ing densities — such as those of Troost on acetic 
acid and nitric tetroxide at low pressures — it is 
important to determine whether diminution of 
pressure acts in a manner similar to that of heat 


in bringing about dissociation, or disruption, ol 
the molecules of the gas By introducing the 
element of time into the experiments, and by 
suddenly varying the pressure, dissociation 
might be shown to occur in the case of nitric 
tetroxide as already remarked, the process m this 
case being doubtless reversible, whereas with 
say, ozone, or a mixture of ozone and oxygen, 
the amount of change produced by increasing 
the volume, say, twenty fold, could be determined 
by the usual methods of analysis (c/ also Drs 
sociATioN, and Equilibrium, chemical) 

Chemical Systems 

Considering the three physical states in which 
bodies are capable of undergoing chemical change, 
either as gases, liquids, or solids, it is evident that 
there are two distinct kinds or classes of chemical 
systems possible, according to the states in which 
the active substances exist, and which may be 
termed heterogeneous and homogeneous systems 
The former name is applied to all reactions m 
which the active members of the system are in 
different physical states, a solid and a liquid, or 
a solid and a gas, or a liquid and a gas , as 
examples of each of these may be mentioned the 
action of acids on metals or on carbonates, the 
dissociation of calcic carbonate or ammonic car 
bamate by heat, and the oxidising action of free 
OX}, gen on solutions of stannous or ferrous salts 
By homogeneous systems are to be understood 
those in which all the active members exist in 
the same physical state, either as liquids or 
gases , it IS inconceivable that two solid bodies, 
however finely powdeied and well mixed, could 
come under this category Examples of homo 
geneous systems are shown in the numerous 
etherification processes, the oxidising action of 
potassic chlorate on ferrous salts, the action of 
oxalic acid on potassic permanganate, among 
liquids, and for gaseous systems, the action of 
iodine or selenion on hydrogen, and the influ 
ence of light on a mixture of chlorine and hy- 
drogen or on gaseous hydnodic acid Many valu- 
able facts have been brought out by the study 
of heterogeneous chemical systems, especially as 
regards dissociation phenomena , but the great 
field in whi(A the most fundamental facts con 
cernmg chemical action will be gathered is 
naturally that embracing homogeneous systems, 
for here the most intimate contact exists among 
the acting substances, affording free play to the 
various chemical forces at work, and the secon 
dary physical changes which interfere with the 
primary chemical change are reduced to a mini- 
mum 

Heterogeneous Systems — Gladstone and 
Tribe (Pr 19, 498) have investigated the rate at 
which a more positive metal immersed m a 
solution of a salt of a less positive one displaces 
the latter, and the relation which exists between 
the rate of action and the mass of salt in the 
solution Employing a solution of argentio 
nitrate, the displacing metal being copper, and 
allowing the action to continue for ten minutes 
under varying conditions of concentration, they 
found that by doubhng the amount of silver salt 
m solution the amount of action that took place 
during this interval of time was trebled. Zino 
and cupric chloride, zinc and cuprr su^phateg 
zme and lead mtrate, iron and cupno sulphate. 
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and other oombuiations, showed in every case, 
when the solutions were suflBciently diluted, that 
this 2-8 law holds good Expressed algebraic- 
ally, if y be the mass of metal dissolved, and x 
the concentration of the solution, then the above 

l og3 

2-8 law ifl where a is a constant 

These experiments have been repeated and ex 
tended by Langley {C J 45, 663), who con 
firms the truth of Gladstone’s law , but when 
the method of experimenting is modified, as by 
continually movmg the metal about in the so 
lution or by brushmg its surface so as to keep 
the solution umform throughout, Langley con 
Biders that the rate of action is proportional 
solely to the amount of salt in solution More 
over, Langley’s experiments indicate that the 
law observed by Gladstone and Tribe arises 
from two causes, viz , chemical action, and 
gravitative action, the latter producing slow 
currents through the solution because of the 
changing densities of the original salts and of 
those which are produced in the change 

In studying the rate of evolution of carbon 
dioxide from marble by the action of acids, 
Bojuski and Kajander (B 10, 34) found that 
the rate of action is proportional to the concen- 
tration of the acid, but varies according to 
the nature of the acid employed , moreover, they 
concluded that, for the three acids HCl, HBr, 
and HNO„ the speed of the action is inversely 
proportional to the molecular weights of the 
acids when the solutions are of equal degrees 
of concentration Pawlewski {B 13, 334) has 
contmued these experiments, employing difier 
ent carbonates (BaCO„ CaCOj, SrCO,) with the 
same acid, although his results are not very 
regular, yet he considers them sufficient to show 
that the speed of the reaction is inversely pro 
portional, not to the molecular weights of the 
carbonates, but to the atomic weights of the 
metals whose carbonates were employed 

Of a somewhat similar nature to the experi 
ments of Gladstone and Tribe is the work of 
Thorpe (C J 41, 287) on the behaviour of zinc, 
magnesium, and iron, as reducing agents, with 
acidulated solutions of feme sulphate !^own 
weights of these three metals in the form of 
thm foil were introduced mto acidified solutions 
of feme sulphate, and the amount of reduction 
effected — part of the liberated hydrogen coming 
off as gas — under varymg conditions of tempe 
rature, amount of free acid, and strength of 
the feme solution, was determmed The re- 
sults obtained showed that the reduction effec 
ted when a given mass of zme dissolves in an 
acidified solution of feme sulphate mcreases 
with mcrease of temperature, other conditions 
bemg the same Provided a sufficiency of acid 
to dissolve the zmo be present, the maximum 
reduomg action is obtamed by concentratmg 
the feme sulphate solution, and dimimshmg the 
amount of free acid 

When magnesium is employed, the reduction 
effected is scarcely one fourth of that for zinc, 
while the tune required for solution is compara- 
tively very short , by diminishing the quantity 
of free^acid the amount of reduction effected is 
increased* The diminution m the rate of solu 
tion with a decrease in the quantity of free acid 


was found to be much greater in the case of 
magnesium than in that of zmo, with zmo 
the rates were approximately m the ratios 
115 2, and, under like conditions with magne 
smm, the rates were as 1 6 86 When the feme 
sulphate is reduced by iron, the rate of solution 
becomes extremely slow, and the reducing action 
appears to decrease with mcrease of tempera- 
ture These reduction experiments, considered 
as a whole, seem to be m harmony with the 
the view that the reduemg action c so called 
nascent hydrogen is connected with the existence 
of atoms, as distinguished from molecules of 
this gas , and that any conditions which tend 
to prevent the mutu^ combination of these 
atoms tend also to increase the amount of 
reduction effected by the hydrogen 

When phosphorus oxychloride acts upon 
certain nitrates, it has been found that the 
ratio between the chlorine and phosphono 
pentoxide in the residue ol 'amed after all 
action has ceased has a certain definite value 
MiUs (P M [4] 40, 134, and 44, 606), who has 
studied this reaction for several nitrates, has 
designated these ratios by the symbol a, or 
weight of chlorine 


rather he has taken a as 


Cl 

weight of PgOg 


P,0 


6 


— — 4 06 When one nitrate fixes 
weight of PjOj 

more chlorine, per unit of PjOj, than another 
nitrate, Mill says that the affinity of the former 
IS greater than that of the latter nitrate , mas 
much as this chlorine fixing action can be 
measured for several nitrates, the values of a, 
on Mill’s view, represent the ‘elective attractions* 
of the nitrates 

If a be divided by the formula weights, 2, of 
the several nitrates, calculated to a uniform 
mass of NOg, the follow ag nuhabers (under q) 
are obtained — 



a 

2 

Q 

Thallous nitrate 

8 78 

265 30 

80 29 

Silver „ 

6 48 

169 94 

31 01 

Lead „ . 

6 17 

165 56 

82 02 

Bubidium „ • 

2 38 

147 40 

61 93 

CflBsium „ • 

2 21 

195 01 

88 24 

Potassium „ • 

199 

101 14 

50 82 

Sodium „ 

170 

85 05 

60 03 

Lithium „ 

160 

69 00 

42 86 


These numbers show that the affimty co 
efficients are directly proportional to the formula 
weights of the nitrates, and that (with one 
exception) o and 2 increase and dimmish m 
regular order The quotients, q, therefore, re 
present the masses of nitrates which correspond 
with what Mill calls a ‘ unit of elective attrac- 
tion * 


Chemical Systems of limited action 
When a chemical reaction is expressed sym 
bobcally either as ab + on = ao + bd or a' + b' = o', 
it IB usually understood that for the complete 
decomposition of the mass ab all that is necea- 
sary is to brmg it mto suitable contact with the 
defimte mass of the second body on, or that the 
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masfi h! if presented to b' under proper oondi 
felons will mute with it to form o' In many 
ohemioal changes this is true, at least within the 
limits of experimental error, and if sufficient 
time be given , and it may be said that many 

rocesses of quantitative chemical analyses are 

ased on this assumption There are, however, 
many instances known in which the statement 
does not hold good For example, if mol weights 
of ethylic alcohol and acetic acid are mixed 
and heated for some time, say at 100°, only 
about 66 p c of the total action possible takes 
place, no matter how long the operation is 
allowed to continue , or again, if mol weij^hts of 
iodine and hydrogen ire heated at 440° in a 
olosed vessel, even after an indefinitely long 
period of time there will still exist a certain 
fraction of these elenfents unoombined The 
limitation of these aiM many other similar 
changes appears to be due to the fact that the 
products of the first action tend, under the con 
ditions of the experiment, to re form the original 
substances, and tb^ two reactions proceed simul 
taneously with different degrees of intensity, 
depending upon the masses of material, until a 
stage is reached at which a state of equilibrium 
is attained, the first action at this stage being 
balanced by the second The mutual action of 
alcbhol and acetic acid would thus be repre 
sented by the equations, 

(1) CHsCO^JL 1- O^H.OH = CH.CO^C.H, + H^O, 

(2) CHgCOjOgH, + HjO = CHgCO^H + 

The theory of such limited actions was for 
mulated by Guldberg and Waage, in 1867 
[ftudea sur les Affinitis chimiques) and applied 
by them to the detennmation of the ‘ coefficients 
of affinity ’ for several reactions These 
chemists concluded from the results of their 
experiments that in a system undergoing change 
the^mount of action in a umt of time between 
two^ or more active bodies — in other words, the 
rate of the change— is proportional to the 
product of thto acti masses This same as 
sumption was made b^ Berthelot m 1862, based 
on the results of his etherification experiments , 
and in 1866 Harcourt and Esson showed that 
(or certain cbenucal systems the rate of change 
is proportional to the product of the active 
masses of the changing bodies In the above 
statements the ‘active masses’ of the various 
bodies means the number of equivalents of each 
present in the reacting system There are in 
stances, however, in which bodies introduced 
into a chemical system either accelerate or 
retard the reaction without themselves under 
going change {v post^ p 714) Guldberg and 
Waage assume that, m the reaction a + b =* a' + b', 
if the masses of a and b be p and q, then the 
force tending to produce the change varies as the 
product whatever may be the kinds of mat 
ter , for two particular substances this force is 
equal to wpg, where k is the ‘coefficient of 
affinity ’ depending upon the kinds of matter, 
and probably upon the conditions of the expen 
ment (v ante and also ArriNiTY, pp 70-76) 
This, however, IS not the only force acting, there 
arc others of a secondary character tending to 
retard or accelerate the formation of a' and b' 
Neglecting these secondary forces for the pre 
gent, let the masses of a' and b' be p' and q' 
and the coefficient of affinity for the reverse 
VoL I 


action A' + B'xA-f^'he ic', then the force tending 
to re form a and b equi^ ic'p'g' When equih- 
bnum IS attained these two forces are equ^, or 
icp 2 o= so that if the four quantities 
p,q,p',q , are determmed experimentally, the ratio 

~ of the coefficients of affinity may be found 

Expressed in another way, if p,q,p',q', be the 
number of eqmvalents of the four substances in 
the system at the beginning of the reaction, and 
if X be the number of equivalents of p and q 
transformed mto p' and q' when equihbrium is 
reached, or no further change takes place in the 
system, all expressed in terms of unit volume, 
then p»=p-a;, q = Q-x, p' = p' + a;, and 
q' = Q' + x , inserting these values, the equation 
becomes /c(p -x)(q-x) k'(p' -f a;)(Q' + x) 

Such IS the simplest representation of the 
theory of hmited actions The presence, how 
ever, of extraneous salts, or even the secondary 
actions among the four bodies themselves, 
doubtless matenally influence the ultimate limit 
when a state of equihbnum is reached For 
instance, if a body x be introduced into the sys 
tern, Guldberg and Waage assume that the force 
produced by the action between x and a, and 
influencing the change between a and b, is propor 
tional to the product of x and a, or is equal to 
aAx, and they term a the ‘ coefficient of action ’ 
Assuming that there are coefficients of action be 
tween all the four bodies — these coefficients bemg 
a, b, c, and d, for a and a', a and b, b and a', and 
B and b', respectively, and a', b\ c', d', for a' and 
A, b and A, a' and b, and b' and b, respectively — 
then the total force for the reaction between 
A and B will be equal to 

+ app' + bpq' + c^' + dqq\ 
and that between a' and w will be equal to 
tc'p'q' + a'pp + b'pq' + c'p'g + d'q'S 
But that there may bo equilibrium these forces 
must be equal Writing a— a, 6— 6' = )8, <&c , 
the equation of equihbnum becomes 

Kpq = K'p'g' + app' + ^pq' + yqp* + 5qg' 

If it IS desired to study the rate at which the 
reaction progresses, then this rate is assumed 
to be measured by the difference between the 
two forces or 

=/^-<c'p'g'-app'-^2'-')p'g-<fgg' 

Owing to their compheated character, these 
equations for the limit or the rate of a chemical 
change are of little value from an expenmental 
point of view , it would seem scarcely possible 
to determme the numerous secondary forces 
Guldberg and Waage introduce mto their for 
mulsB In such a case as the action between 
banum sulphate and potassium carbonate the 
secondary actions to be taken mto account are 
between BaS 04 and BaCOj, BaS 04 and KjB 04 , 
K^OOb and BaCO„ KjOO, and KgS 04 , and be 
tween the water and each of the four salts For 
a full discussion of this theory m its simpler 
form apphed to expenmental results see Guld 
berg and Waage, J pr [2] 19, 69 (v also 
Aptinity, p 75 ) 

Berthelot and Samt-Qilles (A Ch [8] 65 
385 , 66, 1 , 68, 225) were the :^t to make a 
complete study of tne reactions between carbon 
acids and alcohols, as regards the ipfluenca 
exerted by vanations of temperat:?re, pressure 

8B 
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amomitfl of matenal, and time They found 
that tioiese reactions are charaotensed by three 
importuit features (1^ the combination proceeds 
sloTi^y, mlii a velocity depending upon the 
Vifluences to which the system is submitted, 
p) the oombmation is never complete, however 
long the duration of contact , (3) the proportion 
of ethereal salt formed under different conditions 
always tends towards a limit 

The mverse action limiting the formation of 
the ethereal salt, viz its decomposition by the 
water formed during the reaction, was found to 
be much less rapid than the combination In 
other words, if two systems are employed — one 
consisting of ethylic alcohol and acetic acid, the 
other of ethylic acetate and water — all m 
equivalent proportions, the first of these will 
attam the limit of equilibrium more quickly 
than the second under like conditions Berthelot 
(A Ch [3] 66, 118) concluded that in the forma 
tion of the ethereal salts ‘ the quantities of 
acid and alcohol that combine at each instant 
are proportional to the product of the reacting 
masses.’ He gave the formula for expressing 

the rate of formation as J®, for 

eqmvalent quantities of alcohol and acid, where 
I IS the Inmt, which for acetic acid is = 66 5 , 

According to the theory of mass action, the 
rates of formation of ethereal salts, as well as { 
the magmtude of the limits, ought to be in ; 
creased by an increase m either the amount of 
alcohol or of acid As regards the ultimate 
limits, this was found to be true by Berthelot 
and Saint Gilles, but for the speed of ethenflca 
tion they found that with n equivalents of alcohol 
and one of acid there was (at least for part of 
the course) httle or no mcrease over that for 
equivalent quantities , in fact, a diminution in 
the rate was observed On the other hand, with 
n eqmvalents of acid and one of alcohol the 
rate of etherification was greatly accelerated 
The following two tables illustrate these 
pomts {A Ch [3] 66, 90, 98) — ] 


1 eq acetic acid + n eq alcohol Temp 100° 


4h 

16 „ 
83 „ 

il 

n=:2 

acid =100, 
liimt=100 

] 

n=6, 
acid =100, 
limit =100 

25 8 
47 4 
60 6 1 

38 8 
713 1 
911 

27 8 
44 0 
72 2 1 

33 8 
63 2 i 
871 

17 6 
313 

722 

19 3 

34 6 

79 4 

1 eq alcohol + n eq acid Temp 100° 

4h 
16 „ 
88 » 

acl(i= 100, 
llmit=100 

acrd'^^ioo 

llinit=100 

n=6 

aoid=100 
limit = 100 

25 8 
47 4 
60 6 

38 8 
713 
911 

471 
74 4 
79 2 

54 9 
86 7 
92 5 

67 6 
96 6 
96 6 

69 4 
100 
100 


The vanation produced in the limit, or 
maximum amount of ethereal salt formed, by 
employing excess of one or other of the con- 
Btituentf IB illustrated by the foUowmg tables 
(A- OJk. [8] 63, m, 286).— 


eq Boid+A eqs. aloobol 
n limit 

n eqs. acid 4-1 

n 

eq Bloobet 
Umit 

10 

66 6 p 0 

1*0 

66 5 p 0. 

15 

77 9 

67 

619 

20 

82 8 

60 

414 

28 

86 6 

36 

30 6 

80 

882 

83 

29 3 

40 

90 2 

25 

22 0 

64 

92 0 

18 

171 

12 0 

93 2 

08 

78 

19 0 

95 0 

06 

60 


500 0 neutral to 
htmus 


The action of morgamo acids on alcohols has 
I been mvestigated by Villiers (A Ch [5] 21, 72), 
but in these processes secondary reactions that 
are liable to occur comphcate matters somewhat 
With a given alcohol, the speeds of etherification 
of the acids HI, HBr, HCl, and HjSO^, ^^e^a 
found to be widely different HI ethenhes more 
quickly than HBr, and each more quickly than 
acetic acid, whereas HOI acts with extreme 
slowness, even much more p^owly than acetic 
acid H SO4 ethenfies almost immediately 
under ordmary conditions, but the speed is 
diminished by dilution, as well as by lowering 
the temperature The etherification limits at 
100° are different for the three hydracids, and 
are greater than the corresponding limits* at 
lower temperatures The limits also depend 
upon the proportion of water wlftch exists m 
the initial mixture, but while the hmit diminishes 
in the case of organic acids m a oontmuoua 
manner as the water increases, without actually 
becoming ml, the etherification by hydracids 
ceases completely with a certain dilution, and 
this limit of dilution is not fixed but rises rapidly 
as the temperature rises With H2SO4, the 
ethenfication is completely stopped with a oer 
tain proportion of water, but, contrary to -^at 
occurs with the hydracids, increasing the fern 
perature to 100° does not cause the reaction to 
take place From a cons’ eration of the work 
of Berthelot and Saint- orilles on the rate and 
conditions limiting the etherification of alcohols 
by organic acids, it would seem natural to con- 
clude that the application of the snethods em- 
ployed by these chemists to the various cases of 
isomerism among alcohols and acids would yield 
important results relating to the structure of 
such bodies For the purpose of discovering 
whether any relation exists between the rate and 
limit of etherification and the isomenc structure 
of either of the two active bodies taking part in 
the reaction, Menschutkm {A Ch [6] 20, 289 , 
23, 14t , J pr [2J 24, 49 , 25, 198) has made an 
elaborate study of the action of organic acids 
on alcohols In order to render all the results 
comparable with each other it was necessary to 
assume two standards for reference, one for the 
alcohols and another for the acids Methyho 
alcohol was chosen as the standard alcohol , 
and formic acid as the standard acid The two 
characteristics chosen for measurement were 
(1) the mitial speed of etherification, or the 
amount of action that takes place m the first 
hour, and (2) the final limit of the process , these 
Menschutto terms the ‘ ethenfication data ’ 
For the ‘ methyho-aoetio ’ system Menschutkm 
took the limit as equal to 100 , that is to sa^, 
out of equal numbers of molecules of metbylJo 
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alcohol and aoeiio acid (m this case 144) only 
100 moleonles were converted into methylio 
acetate when the system reached a state of 
egnilibnum, of these 100 molecules, 80 were 
formed dormg the first hour of action 

The foUowmg^ble contams the ‘ ethenfica- 
tion-data ’ for the primary alcohols employed — 


Alcohol 

Speed 

Limit 

Methylio, HCH 2 OH 

80 

100 

Ethylfc, CHjCHaOH . . 

67 3 

96 6 

PropyliOf O 2 H 6 CH 2 OH . • 

66 9 

96 

Butyhc, C8H%CH20H . . 

67 4 

96 6 

Octyhc, CyHijCHgOH 

67 0 

? 


The influence of isomerism on etherification 
among the primary alcohols was investigated for 
th€^ case of isobutyho axcohol , the data obtained 
were * 

Isobutyhc,C8H^,CH20H, speed = 64 61imit = 96 6 
These numbers show that the limit is unaffected, 
but that there is ^ small decrease m the speed 
The unsaturated primary alcohols showed less 
facility for forming ethers, the reaction in their 
case progressing much less rapidly, as the follow 
mg numbers show — 

^ speed limit 

Illylic alcohol, C^HjCH^OH, 61 9 86 3 
Propargylic alcohol, C^HCHjOH, 29 6 ? 

Benzyhc aicohol, CgH^CHaOH, 64 6 87 3 
For the secondary alcohols, the phenols, and 
some other alcohols, the following etherification- 
data were obtained — 


Menschutkm {J pr 25, 193) has also determined 
the initial speeds and limits for different organic 
acids, employing one alcohol (isobutylic), and 
taking formic acid as the standard of reference 
The following results were obtained ~ 


§( Formic 0H,0, 

Acetic O^H^O, • 

Propionic 0,H,0, 

Butyric O^B.O, 

Oaprolc 

Oapryllo • • 

Hydrosorbio 0,H„0, 

Phenylacetlo 0^-0, 
Phenylpropionio 0,H,oO, 
Bimethaoetic 0^CHa)8C0BH 
Methethacetlc 0H(0H,)(C^,)00,H 
Orotonlo 0,H, OOJS 
Oinnamlc 0,H,(0,H,)00,H 
Trlmethacetio O.H,oOa • 

Bimethethaoetlo 0«H;,aOa • • 

Borbie 0«H,Oa . . • 


Speed Limit 


100 
71 9 
66 7 
63 8 
63 6 
60 0 
69 7 
79 1 
66 2 
48 4 
803 
19 6 
18 7 
118 
48 
1J9 


100 
104 8 
106 9 
108 2 
108 7 
110 3 
100 4 
116 
112 1 
108 2 
114 8 
112 8 
116 8 
1131 
116 4 
116 8 


Add j 

Speed 

Limit 

Benzoio 0,H,0* 

Nitrobeaaoio 0iH.(N0,)O, 

18 8 
40*1 

112*9 
114 3 

Paratolnylio Oja^O, 

10 7 

119 1 

Omainio OioH„Oa 

101 

118 1 



Speed 

Limit 

Dimethyl carbmol (OHJ-OHOH 

38 2 

86 9 

Methylethyl 

„ 

(CH )(OaH,)CHOH 

32 5 

86 2 

Diethyl 


(CaH.LOHOH 
(0H,)(C H/9,)0H0H 

24 3 

84 2 

Igonropylmethyl 

„ 

27 2 

85 2 

Isobutylethyl 

„ 

(0,H,)(0^Hy8.)0HOH 

26 2 

? 

Hexj Imethyl 


(OH,)(O.H„)CHOH 

34 1 

? 

Ethylvlnyl 


213 

76 1 

Diallyl 


16 3 

72 

Ethylphenyl 

„ 

(0ah„?0,H,)CH0H 

27 2 

? 

Diphenyl 

„ 

(0,H,)aOHOH 

316 

? 

Phenol 


C,H, OH 

20 

12 4 

Paraoresol 


CaH OH, OH 

37 

137 

Thymol 


0,H,0H,0,H, OH 

14 

13 6 

a Naphthol 

f* 

0,oH, OH 

? 

88 

Glycol 

n 

OHaOH CH,OH 

617 

77 4 

Glycerin 


(OH,OH)aOHOH 

C^He(OH), 

62 2 

66 2 

Br^hrlte 


34 

67 6 

Mannite 


O.H.(OH). 

29 6 

88 


From the foregoing numbers it is seen that 
the rates of ethenfloation of the secondary 
acids are much less than those o4 the primary 
acids, but that the limits show only shght varia 
tions The speeds of etherification of the ter 
tiary acids are less than those of either the 
primary or secondary acids, but on the other 
hand the limits are greater For a full discus 
Sion of the value of etherification data as a 
means of determmmg isomensm among 
alcohols and acids see Menschutkm (/ jpr 
[2] 26, 103 , also Z P 0 1, 611) 

The theory of hmited chemical reactions has 
been formulated m a simple manner by Van *t 
Hoff {B 10, 669) for the particular case of 
etherification, but essentially m the same 
manner as Guldberg and Waage have done in 
their general treatment of this chemical pro 
blem If the system initially consists of one 
equivalent of acetic acid, k of alcohol, and q of 
water, then when the quantity e of ether has 
been formed, there will still remam of acid 1 — 
of alcohol AC — and of water q + « , consequently 
the rate at which ether is still being formed is 
expressed by 0,(1 — e) (« — «), and the rate of de 
composition of the already formed ether by the 
water by Oge (q + f) When equihbrium is at 
tamed these two expressions must be equal, or, 
0, (1-f) (ac-c) = 02^(2 + e) For equivalent quanti 

ties of acetic acid and ethylic alcohol, or ac = 1 
and 2 = 0, Berthelot and St GiUes found the 
2 

limit to be about 66 6 p c , or t ■» - Insertmg 

these values in the equation, the ratio of the two 
constant 0, and Oj is found , or C, = 4O2 The 
equation now becomes 4(i-€)(ac-€) = €(2 + e) from 
which the maximum quantity of ether capable 
of bemg formed when various amounts of alco- 
hol or water are employed can be calculated For 
instance, if k = 00 , t e if the alcohol is unlimited 
m amount, e = 1, that is, all the acid is changed 
into ethereil salt , if 2 “= ® ^ ® water is un 
limited m amount, € -. 0, or no ether is formed 
These results are merely the extreme oases of 
what experiments have proved to be true between 
those limits of ac and 2 which have been tried 
Formation of Acetamhde — In a study of the 
formation of acetamhde, according to the equa- 
tion C^H.NHg + = C«H,(C 2 H, 0 )HN + H^O, 

Menschutkm {J pr 26, 208) found that, although 
in the processes of etherification the final limit 
of the reaction attamed after an mdefimtely 
long mterval of time is practically umnfluenced 
by change of temperature, m this example the 
limi t IS materially decreased as the tempera 
ture m creases The foUowmg results show this 
decrease — 

Temp Limit 

100'=^ 85 06 p 0 . 

125® 83 11 

136® 82 89 

146® 81 22 

166® 79 68 , 

Another remarkable fact was noticed m this 

8l2 
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reaction, and one which is apparently at variance 
with most experiments relatmg to the action of 
mass (see Berthelot’s ethenfication experiments, 
cmte) In any chemical system undergoing change, 
compnsmg two or more active bodies, the rate 
of change is generally accelerated {v p 744) 
by an mcrease m the amount of any of the 
active bodies, and this mcrease m the rate is 
more or less proportional to the quantity of 
active substance added But in the formation 
of acetanilide, with a constant amount of acetic 
acid, an increase in the quantity of aniline re- 
tards the action, accor(hng to Menschutkm, 
although the final limit is increased as the 
theory of mass action requires The numbers 
under ‘ speed ’ showing this fact represent the 
amount of action after 16 nuns 


Molecules aniline with 
one mol aeid 

Speed 

Limit 

1 

34 71 

79 68 

2 

28 71 

91 65 

3 

23 45 

94 61 

4 

— 

96 17 

8 

17 13 

97 22 


However, when the aniline remains constant 
and the acetic acid is increased, the law of mass 
action appears in the normal way {v also Ar 

FINITT, p 86) 


Molecules acid with 
one mol aniline 

Speed 

Limit 

1 

84 71 

79 68 

2 

67 30 

96 88 

4 

78 08 

99 80 


Division of a base between two acids 
When a mixture of two acids acts on a base, 
or two bases act on one acid, the two acids m the 
first case being more than suflicient to combine 
with the base, or the two bases in the second 
case with the smgle acid, it is usually granted 
that the base divides itself between the two acids 
or the acid between the two bases m definite 
ratios Or if an acid acts upon a salt in solu 
tion, as nitric acid on potassic sulphate, a defi 
mte amount of change takes place resulting in 
this mstanoe m the formation of potassic nitrate 
and sulphuric acid If the ratios m which such 
divisions occur were known they might afford 
measures of the relative affinities of the acting 
bodies for the particular conditions of the expen 
ments Such ratios have been determined for 
a great many acids by Ostwald, with most im 
portant results (For an account of this work 
V Affinitv ) 

Pattison Muir (0 J 3d, 27 , 86, 811 , 36, 60) 
has studied the conditions affeotmg the equili 
brium of certain chemical systems wherein pps 
are formed, with the view of determining the 
relationship between the concentrations of the 
solutions, the ratios between the active bodies, 
and the mfluence of heat on the equilibrium 
ratios An mvestigation somewhat similar to 
this was conducted by Morris {A 218, 233) 

Fractional Precipitation 
It has been shown {ante , and v Affinitt) 
that if a m xture of two acids is allowed to 


act upon a single base, or of two bases on a 
single acid, the ratio m which the base divides 
itself between the two acids, or the acid between 
the two bases, depends upon the relative quanti 
ties or masses of the materials in the system, as 
well as upon the strength of the afiBuuties acting 
between the several bodies In like manner, if 
a pptant is added to a solution, contaimng two 
or more salts of different metals, the mass of 
the pptant being less than is required for com 
plete ppn of all the salts m the solution (bemg, 

say, 1th of the total necessary) them the ratios 

of the quantities of the salts decomposed — oi of 
the hydrates, carbonates, &o formed — depends 
on (i) the relative masses of the substances in 
solution, (u) the relative affinities of the salts 
or the basic powers of the) oxides with reference 
to the pptant , and also (in) on the fraction of the 
total material that is ppd 

This highly interesting sub]t-,t of fractional 
ppn has been as yet mvestigated but to a very 
slight extent , it would, however, seem to promise 
in the future a fertile field for the determination 
of what might be called the relative basic 
powers of different oxides or hydrates If, for 
example, a solution contains two salts of different 
metals, the basic powers of whose oxides i*re 
different, and if a small fraction is ppd (say as 
hydrate), there will be a tendency on the part 
of the less basic material to accumulate m the 
pp in preference to the more basic, and this 
tendency will be greater as the difference between 
the basic powers is greater If the basic powers 
differ but slightly, then the mcrease m the ratio 
of the less to the more basic material will 
progress very slowly by repeated application of 
the process of fractional ppn If in the extreme 
case no such difference exists under the condi 
tions of the experiment as regards temperature 
and quality of the pptant (the ratio of the basic 
powers may and probably vary with the 

temperature), then the r lO of the two materials 
m the small pp will be the same as that m the 
original solution, and consequently, however 
frequently the process may be repe^-ted on each 
fraction formed, no separation will be effected 
At the present time there are a number of 
elements known belonging to the earths, for 
the separation of which the only method that 
has yet been discovered is that of fractional 
ppn , or fractional fusion , m both cases the 
separation depends on the differences of the 
basic powers of the various bodies Such, 
for instance, is the separation of the three 
elements, samarium, didymium, and lanthanum, 
from each other , or holmium, thulium, and 
erbium , or again terbium from yttrium These 
separations are so extremely tedious, requinng 
the application of fractional ppn to be repeated 
a very great number of times with but relatively 
infinitesimal yields of finally pure material, 
that it 18 evident that the differences m basic 
powers must be extremely small, more particu 
larly m the cases of samana didymia, yttna- 
terbia, and holmia thuha This process for 
effecting the separation of these earths is 
rendered all the more uncertam and difficult 
owing to the want of facts drawn from the study 
of fractional ppn of other bodies bearmg upon 
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the best conditions under which the process 
should be conducted {v Eabthb) 

Ohiiyflski {A Swppl 4, 226 , J 1866 12) 
has investigated the subject of fractional ppn 
for the case of magnesium and calcium chlorides 
by phosphonc acid This chemist employed 
solutions containmg the two salts m varied 
proportions, to these solutions he added a 
constant quantity of phosphoric acid msufficient 
for complete ppn , then ammonia was added, 
and he determined the amounts of calcic and 
magnesicKixides m the pps The composition 
of the pps was found to vary with the ratio 
of the amounts of calcic and magnesic ohlondes 
m the solutions, but to be nearly independent 
of the quantity of water used for dilution By 
increasing the amouidt of calcic chloride in the 
sfllutiop, the magnesfb chloride remaining con 
stant, it was found that the lime passed into 
the pp m greater quantity, while the amount 
of magnesia decreased , with the calcium salt 
constant, the megnesic chloride being increased, 
the reverse occurred, but to a less marked 
degree These variations took place in a 
regular manner as the composition of the solu 
tions vaned 

Mills, m conjunction with others (P M [6] 
Id, 169, 177 , and Pr 29, 181), has studied 
the fractional ppn , by means of sodium hydrate 
or carbonate, of several sulphates, taken in 
pairs under varying conditions of mass, with 
the view of determining the relative facility 
with which one sulphate is decomposed in 
presence of another when an insufficiency of a 
pptant is added to the solution 

In one set of experiments in which nickel 
and manganese sulphates were employed, the 
following numbers were obtained , each solu 
tion contained 1 gram of material made up to 
100 c c , and 10 c c of a solution of Na^COj 
( 5716 gram Na ^Og) were added — 


NISO* 

MnSO* 

rttSO* 

ppd 

MnSO* 

ppd 

Temp C° 

1 grm 

'•9 grm 

0963 

5850 

12 9 

2 

8 

1862 ' 

4616 1 

13 6 

3 

7 1 

2799 

3766 

12 6 

4 

6 

3588 

2976 

13 

5 

5 

4306 

2450 

13 6 

6 

4 

4788 

1536 

12 8 

7 

3 

4991 

1089 

17 

8 

2 

6684 

0722 

17 

9 

1 

6841 

0363 

15 2 


From these numbers it is seen that the ratio 
of the quantities of material ppd varies con 
tmuously, and in the same manner as the ratio 
of the amounts of salts employed , with equal 
masses of the two sulphates in solution the pp 
contains much more nickel than manganese, 
hence it is at once inferred that the basic power 
of manganous hydrate or oxide is greater than 
that of mckel, since the less basic a material 
che greater its tendency to be affected by the 
pptant 

Extending these experiments performed m a 
Binular maimer to mixtures of mckel and cobalt 
sulphates, but employing sodic hydrate mstead 
of carbonate, it was found that these two salts 


have almost equal degrees of precipitabihty , that 
IS to say, if the two salts exist m the solution m 
equal amounts they will accumulate in the pp 
m about equal quantities , or, with vaa^ing 
quantities of matenal, the ratio of the amounts 
of the two salts ppd will be approximately 
equal to the ratio initially in the solution , m 
other words, the basic powers of the two salts 
are about equal (For the theory of fractional 
pptn see Hood, P M 1886 ) 

Reduction of Oxides 
The conditions that affect the reduction of 
metalhc oxides by hydrogen, carbon monoxide, 
and carbon, have been examined by Wright and 
Luff (C J 83, 1,509, 36, 476, 37, 757). the 
type of the reactions being represented by the 
equation a + bo =» ab + c The results have 
important practical hearings on metallurgical 
operations The temperature at which reduc- 
tion commences is a function of (1) the physical 
conditions of the bodies experimented with, 
(2) and the chemical nature of the substances 
With CO as the reducmg agent, the temperature 
at which action begins in the case of cupric 
oxide vanes from 60° to 146° according to the 
state of aggregation of the copper oxide, for 
ferric oxide the temperature ranges between 90° 
and 220° The reduction by CO of copper oxide, 
prepared by ppn , is well marked at temperatures 
below 100°, but at 100° it becomes very ener 
getio The initial action of H on copper oxide 
was found to take place at temperatures ranging 
between 85° and 172°, and on ferric oxide be 
tween 195° and 265° When carbon was em 
ployed as the reducing agent, the temperature of 
initial action varied not only with the physical 
nature of the metallic oxide, but also with the 
quahty of the carbon , the temperature hmits for 
copper oxide were 350° and 440°, and for feme 
oxide 430° to 460° By comparing the tempera 
tures of initial action for a given kind of me 
tallic oxide, it was invariably found that that 
reducing agent begins to act at the lowest tern 
perature which has the greatest heat of oombus 
tion, so that the heat disturbance during its 
action b^s (algebraically) the greatest value 
ThusH ^ways begins to act at a lover tempera 
ture than carbon, and CO at a lower temperature 
than H, as the following table shows for different 
specimens of metalhc oxides — 



CO 

H 

Sugar 

0 

0 from 
CO 

Cupric oxide A 

60° 

85° 

390° 

360° 

.» B 

126 

175 

430 

350 

», c 

146 

172 

440 

430 

Cuprous oxide 

110 

165 

390 

346 

Feme oxide a 

202 

260 

460 

430 

». B 

90 1 

195 

450 

— 

n 0 

220 

245 

460 

480 


Comparmg cupnc and feme oxides prepared 
by analogous processes, and therefore pre 
sumably m much the same physical state, it 
was umformly found that the temperature of 
mitial action of a given reducmg agent is lower 
on oxide of copper than on oxide of iron, as the 
foUowmg numbers show — 
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00 

H 

Sa^ar 

Ofrom 

00 

Oxides pre ' 
pared by pre 
cipitation . 
Oxides pre \ 
pared by | 
beating 
salts j 

1 Copper 
1 Iron 

1 Copper 
j’lron 

60° 

90 

125 

202 

220 

1 

85° 

196 

176 

260 

246 

890° 

450 

430 

460 

460 

350° 

430 

890 

430 

430 


The extension of these experiments to the oxides 
of mckel, cobalt, lead, manganese, ferrous and 
ferroso feme oxides, resulted m the following 
conclusions, among others Differences in physictd 
state are attended with correlative differences m 
the temperatures at which the actions of the re* 
duoing agents CO, H, and 0, are first manifested 
For the several oxides of the same metal the tern 
perature of the imtial action of a given reducing 
agent is sensibly the same unless the differences 
in physical structure are very marked In no 
case was any exception found to the rule that 
the temperature of mitial action of CO is lower 
than that of H, and that of H lower than that 
of C, on the same sample of metallic oxide 
For a large number of cases the rule holds that 
the greater (algebraically) the heat production 
durmg the occurrence of a reaction the lower is 
the temperature at which this action is ffrst 
manifested 

During the mvestigation of the rates of 
action of CO and H, it was noticed that m many 
mstances * chemical induction ’ mamfested 
itself , t e the reduomg action of the gas on the 
metallic oxide at a given temperature was at 
first slight or ml (‘period of mcubation*), but 
after a longer or shorter time the reduction 
commenced and proceeded at an increasing rate, 
until the retarding influences of the products of 
the action caused the rate of reduction to cease 
mcreasmg, and subsequently to dimimsh The 
‘period of incubation,’ when measurable, was 
found to be shorter the higher the temperature 

A similar phenomenon has been observed by 
Bunsen and !^scoe m their mvestigation of the 
action of light on a mixture of chlonne and 
hydrogen (r influenob of light, and it is 
mteresting to note that in a heterogeneous 
system consistmg of a sohd oxide and a gas 
chemical mduction should also manifest itself 
The question naturally arises whether or not it 
18 a general phenomenon accompanying all 
chemical changes 

Homogeneous TTnlimited Systems —Consider 
ing the simplest chemical system undergomg 
change, that of a single body either decomposing, 
like ammomum mtrate when heated, or suffermg 
molecular rearrangement, as ammomc cyanate 
mto urea, it is evident that unless the products 
mterfere as retardmg agents the amount of 
change m umt of time, that is to say the rate of 
change, will be proportional at any time to the 
amount of active substance then existmg When, 
however, a system comprises two or more active 
members reacting on each other, such as an 
alcohol on an acid, or hydno peroxide on an 
amdolated solution of a soluble iodide, the cir 
omnstances ar*) much more compheated The 
general expenznents on the rate of chemical 


change, when not limited by inverse action, 
prove that m such complex systems the rate of 
change of any one of the members la mcreased 
or dimimshed by an increase or decrease in the 
quantity of any of the other constituents, and 
IS more or less proportional to such vana 
tion For example, if the system comprises 
AjAjA,, (different bodies reacting one with 
the other), the rate at which A« changes is in- 
creased or diminished by a similar variation m any 
other member, as Af The statement of whis law 
of mass by Mills (P M [ 6 ] 1) in the words ‘ no 
matter what may be the masses of the substances 
reactmg the entire mass of each takes part in 
the process,’ requires to be hmited by the further 
statement that the law applies only to homo 
geneous systems m the sen^e in which these have 
been before defined It could not be asserted for 
instance that the entire mass of the m^ble m 
Bojuski and Kajander’s experiments affects the 
rate of action of the acid, or that a hollow sphere 
of zme dissolves less rapidly m acid than a sohd 
sphere of similar external dimensions 

Berthelot in 1862 {A Ch ) showed that the 
rate of reaction of alcohol with acetic acid is 
proportional to the product of the two active 
substances Haroourt and Esson m 1866 (Pr 
14, 470) estabhshed several formulsB representing 
Various experimental conditions based on the 
same hypothesis, but the reaction th^y employed 
for verification of the theory (permanganate on 
oxalic acid) proved to be of so complex a 
character as to give but imperfect results These 
chemists, however, were more successful subse 
quently (Pr 16, 262) with the reaction 
HA + 2 m = 2 H 20 -i-l 2 
The theory of Guldberg and Waage relates 
more particularly to cases of limited action, but 
in its apphcation to the study of the rate of 
change the mtroduction of so many ‘ coefficients 
of action ’ {v ante^ p 737) renders the equation 
of little practical use for uon ‘investigations 
(But V article Affinitt, ^ 70) Except m the 
theory of Guldberg and Waage, the mfluence of 
the products of the change either as accelerating 
or retardmg agents is generally overlooked m 
attempts to formulate chemical action , but it is 
easy to mtroduce these effects m an equation to 
represent the rate of change of a complex system, 
on the hypothesis that the rate is directly pro 
portional to the product of all the active mem 
bers and is mversely proportional to the amount 
of chemically mactive bodies formed (u betaeda 
iflON OF OHEMIOAL OHANGE, p 744) 

In a complex system, consistmg of n members, 
undergoing change, let the masses of the mitial 
active bodies be represented by AiAjA, A., and 
let the masses of these bodies that have become 
changed or rendered chemically mactive up to a 
time ty be represented by «j,a 2 ,a, a. , then, ac- 
cordmg to this hypothesis, the rate of change of 
any member of the system, say A*, is 
^«^-,. (A|~gi)(A;~(g A,-a, ’ 

dt ^B ± (Va, + \"aj ^ 

Where /x, and b, are constants, and A’, A" A* 
are the retardation or acceleratmg coefficients 
of the products of the action, the + or ~ sign 
bemg taken accordmg as these products all act 
as retardmg or as acceleratmg agents Which 
of these actions was performed by any speoifiad 
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product of the primary action could be deter- 
mmed experimentally, by introducing a known 
mass of the body into the system, and com- 
paring the rate of the change with that obseryed 
when no more of the specified body was present 
than was forme*d durmg the pnmary reaction 
Smce A* IS the member of the system whose 
rate of change is the object of measurement, 
let the amount that remams unchanged at time t, 
that is A* — a*, be taken as y , then — if the imtial 
quantifies of the other members be v,, *'n 

equivalents of a*,-a, = Aj^e^v^A*, a, 

“ and a, = e,a*, - tjo,, a„ = e„a^ In 

sartmg these values m the above equation it 
becomes 

dt « B'wy ' ' 

la this equation lu,' itid b' are constants to be 
determined experimentally, a being the imtial 
value of y , A*' IS proportional to the rate and is 
dependent oiwthe temperature {v influenob of 
HEAT ON CHEMICim CHANGE, p 744) 

Numerical examples of this equation for a 
system comprising the three bodies, ferrous 
chlonde, hydrio chlonde, and potassio chlorate, 
have been given by Hood (P M [5] 20, 444), but 
the solutions he employed were so dilute that 
tie products of the action appeared to influence 
the rate inappreciably, consequently the term 
m the eqwation relating to these effects was 
neglected, and the equation was taken as 

y,-i)i+y)(K-i)i+y) (s) 

for the system of three bodies 

It is possible to arrange the experimental 
conditions in such a way that, neglecting the 
action of the products, the course of the change 
may be much simpler than is represented by 
quuation (2) This may be done, (1) by having 
aU the active substances present in very large 
excess over th^ one which is made the object 
of measuremdBT^bb that they undergo but shght 
dimmution between th« begmning and the fimsh 
of the change takmg place m the body measured , 
or (2) by arrangmg the constituents so that one 
or more of them, although taking part m the 
reaction, remains constant m amount, one con- 
stituent only dimimshing in value The equa- 
tion for the rate of change of one member m 
either case would be by (2) 



Where Aj, a^, a„ are the masses of the chemically 
active constituents which remam constant or 
nearly so , or mtegratmg, y = B€"“, a bemg equal 
to /*A,, Aj A„ 

Btarcourt and Esson (T 157, 117) proved 
the truth of this exponential formula for the 
action between a soluble iodide and hydne 
peroxide The fundamental change in this 
case IS represented by HjOj + 2HI = 2HjO + 1, 
By the simple device of adding a known con- 
stant amount of sodio thiosulphate to the active 
solution each time the hberated lodma made 
its appearance, the amount of hydne iodide was 
kept constant, while the HjOg alone dimi 
mshed The successive additions of thiosulphate 
measured the amount of change of the hydne 
peroxide (or y), and the mtervals between each 
addition) or rather the appearances of free 


lodme, measured the times of action. From theu 
experiments relating to the influence of vanations 
of temperature, and vanations of the masses of 
the aot^ substances, Haroourt and Esson con 
eluded that * whether the solution contams m 
Ic c 746 millionths of a gram of hydne sulphate 
or 150 times that quanUty, 604 milhonths of a 
gram of El or 9 times that quantity, or whether 
HCl or hydne sodic carbonate be substituted for 
HjSO^, whether the temperature be 0° or 50°, 
and whether the portions of change require for 
their accomphshment mtervals of one or two 
mmutes, or mtervals of half an hour or an hour, 
this reaction still conforms to the law that the 
amount of change is at any moment proportional 
to the amount of changing substance ’ 

Harcourt and Esson (T 156, 193) had pre- 
viously employed the reaction between potassio 
permanganate and oxahe acid for investigating 
the laws according to which a chemical change 
progresses Although this mvestigation was not 
quite successful m its pnmary object, it serves 
well to illustrate the anomalous results that may 
be obtamed by the mterfermg action of the pro 
ducts formed m a reaction, or by extraneous 
salts The reaction under exammation may be 
represented at its beginnmg and its conclusion by 
the two sides of the equation 
K^MujOg + SHjSO^ + 5H2O2O4 

= K2SO4 + 2MnS04 + 1000, + 8H2O 
The reaction progresses with moderate rapidity 
at temperatures easily kept under control By 
varying the mass of any one of the constituents 
a correspondmg variation occurs m the rate of 
oxidation The influence of H0SO4 is shown m 
the followmg table , the reaction was allowed to 
go on m each case for four minutes, and was 
then suddenly stopped by the addition of KI, the 
amount of change that had taken place bemg 
obtamed by estimating the iodine hberated — 


Mole 

culea 

H,SO* 

Per cent 
change m 

4 min 

Molecules 

H,SO. 

Per cent, 
change in 

4 min. 

2 

218 

10 

716 

4 

36 

12 

77 4 

6 , 

, 511 

14 

82 4 

8 

63 5 

16 

85 7 



22 

92 8 


The principal secondary reaction in the oxida* 
tion of C2H2O4 by KaMojOg arises from the de- 
composition of KaMnjOg by the MnSO. 

(K^Mn^Og + SMnSO^ + 2H,0 
= K2SO4 + 2H2SO4 + SMnOg) , this reaction in- 
fluences the rate of oxidation m a remarkable 
manner With the matenals m the proportions 
of E^sMUgOg IOH2SO4 5H3O2O4, it was found timt 
when no manganous sulphate was added only 
eight pc of chemical change took place m 
4 mms , but by gradually mcreasing the mass of 
MnS04 the amount of change takmg place in 
this mterval of time mcreased, until it reached 
85 p c when 8MnS04 was present Further m- 
crease of the MnS04 only slightly altered the rate 
of oxidation Haroourt and Esson likewise found 
that by varying the masses of HaS04 and O^HyOg, 
the i^Mn^Og and MnSO. remaining constant, 
the percentage of chemio^ change iiF a definite 
tune (3 nuns ) gradually increase till it reached 
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a maximum, theii dimimshed to a minimum, 
and agam moreased on addition of more 
Experiments on the relation between the time of 
oontmuanoe of the action and its amount showed 
that after a certain mterval the course of the 
change was represented by an hyperbola The 
reason of this regulanty only oocumng after the 
action had proceeded some time was traced to 
the double changes that take place, first between 
the MnSO^ and KjMngOb, and then between the 
MnOj produced and the C2H2O4 Both changes 
are, however, comparatively slow , but if either 
of them occurred very rapidly compared with the 
other, m presence of equivalent quantities of 
matenals, the whole course of the change would 
doubtless be represented by an hyperbola 

Hood (P M [6] 6, 371 , 8, 121 ) has studied 
the rate of oxidation of ferrous sulphate by 
potasBic chlorate, and the influence exerted on 
the process by variations (1) m the amounts of 
acid used and (11) in the temperature The 
equation for equivalents being 

6FeS04 + KC10, + 3 H,S 04 
= 3Fej(S04)s + KCl + 8H2O, it is evident that the 
rate of change will be the product of three 
factors The acid bemg m large excess and 
KClOj 6FeS04 = V 1, the rate of change by equa 

tion (8) IS ^ = — — 1 ) a + y where b equals 

at 

the amount of acid , or log ; K _ 

(n^l)k + y 

/wB(n— 1)a(o- t) , if, however, KClOg 6FeS04= 1 1, 

then ^ or y{a + t)=^-^ By a scries 

at ' fMB 

of determmations oty {cc of permanganate) at 
indefimte mtervals of time, the constants m 
either of these equations (aib and c, and /ub and a) 
were found for different conditions of tempera 
ture, amount of acid (b), &o , and consequently a 
measure was obtained of the changes produced 
in the rate of oxidation by such variations 
Hood found that for this reaction both these 
formula hold good, and, as theory indicates, the 
rate of oxidation, within certain limits, is pro 
portional to the amount of free acid , as the 
amount of acid, however, becomes comparatively 
very great the oxidation progresses much more 
lapidly than the acid increases When HCl 
replaces H2SO4, m order to produce the same 
rate of oxidation the amounts must be as 86 6 80 
Ostwald (J pr 27 , 1 ) has studied the interest 
mg reaction R CONH, + HijO = E CO ONH4 with 
reference to the aoceleratmg influence acids have 
upon the rate of the change This reaction is a 
striking instance of so called ‘ predisposing ’ 
affimty, the reaction being a very slow one when 
water alone is employed (For details of this m 
vestigation, v the article Afitinitv, p 79 ) 

The decomposition of the ethereal salts, e g 
methyhe acetate, by water, affords an example of 
chemical change somewhat analogous to that of 
the acetamides The difference between the two 
oases IS that m the former the water resolves the 
compound mto two others, alcohol and acid, 
whereas m the latter the water is assimilated to 
form u more complex compound The presence 
of acids greatly accelerates the decomposition of 
the ethereal s^ts, as is the ease with the acet 
amides, the reLtions between speed of action and 


quahty of acid have been mvestigated by Ostwald 

{J pr 28, 449), v Afmnitt 

BeTABDATION and AoOELBBATION of OHEHZOAli 
Ohanoes —In the reaction that takes place when 
an alcohol and an organic acid are mixed, the 
amount of chemge is lifted by the mverse action 
that arises between the products of the change, 
ethereal salt and water, which mverse action 
tends to the re formation of the ongmal alcohol 
and acid , it is consequently evident that the 
rate at which the ethenfication progress s is re 
tarded by this mverse action In like manner if 
BaS 04 18 acted on by KjOOj, the rate of the de 
composition is retarded by the inverse actim 
that occurs between the BaCOg and K SO 4 which 
results in the formation of the ongmal bodies 
The same may be said as regards the rate of 
all those reactions which re limited m extent by 
inverse chemical changes « 

There is, however, another kmd of retards 
tion possible, not ansing from -ny secondary 
chemical changes taking place m the system, but 
of a purely physical origin If in a homogeneous 
system undergoing change, such for mstance as 
18 represented by the equation a + b = ab, the 
chemically active bodies be considered to be in 
a state of contmual motion, the rate of formation 
of AB will be proportional to the number of im 
pacts between the a’s and b’s m a unit of time 
It IS conceivable then that if the *uoleoules ab 
are not removed from the sphere of action their 
more presence will hamper the movements of the 
remaining a’b and b’b, and by bo doing will 
diminish the number of impacts between them 
m a unit of time, that is to say, will retard their 
rate of combination That retardation of a 
chemical change does arise by the addition of a 
quantity of one of the products has been shown 
to be true in several instances , but whether the 
effects are to be interpreted on a physical basis, 
as is done here, or on a chemical basis, cannot 
be decided with certainty udax^ x-LUch more ex 
penmental evidence ha^ been obtained The 
study of the influence of chemically mactive 
bodies on systems undergoing change, that is to 
say of bodies which probably do nqt take part 
chemically in the reactions, forms a wide field 
for research , and there is no doubt that the re 
suits obtained will have an important bearmg on 
chemical science considered in its dynamical 
aspect 

An acceleration m the rate of a chenucal 
change may be brought about by an mcrease in 
the amount of any one of the active constituents 
of the system , such an acceleration, as has been 
already shown, is easily explamed by the law of 
mass action, viz that the total mass of each 
constituent takes part in the reaction 

There are mstances, however, somewhat more 
difficult of explanation, such as the mversion of 
cane sugar, or the decomposition of methylic 
acetate, by acids, wherem the addition of an 
acid merely accelerates the change, the mass 
of the acid remammg the same at the finish as 
at the beginning of the reaction The tendency 
to undergo change in these instances is merely 
increased by the presence of the acid, and this 
tendency, measured by the speed of the change, 
IS dependent on the character of the acid em- 
ployed (v Ostwald ’s experiments detailed m 
Affinity, p 79) The difficulties that are here 



CHEMICAL CHANGE 


745 


encountered would seem to be Bumlar to those 
that arise in the consideration of so-called * con- 
tact actions ’ or catalysis 

Guldberg and Waage {ttvdes), in their inves- 
tigation of the rate of production of hydrogen by 
the mutual actioiT of metals and acids, found 
that the presence of salts m the acid solution 
exercised a remarkable mfluenoe on the speed, 
some salts accelerating, others retardmg, the 
reaction, the salts themselves remaimng un 
altered JVIills and Walton (Pr 28, 268) observed 
an acceleration m the rate of formation of am- 
moma from* potassio mtrate and zinc amalgam 
by the addition of either KaS04 or Na2S04, the 
increase of speed being practically the same for 
equal masses of the two sulphates If a dilute 
acidulated solution of f^prous sulphate is oxidised 
by potassio chlorate aS the ordinary tempera 
ture, theara two bodies being present in equiva 
lent quantities, and the free acid (H2SO4) bemg 
much m excess, ihe rate of the oxidation {v ante) 


18 expressed by +he equation 


dy 

dt 


.Jc 

h 


y{(i + 1) = 5, where t is time in minutes, and y is 
c 0 permanganate equivalent to ferrous iron re 
maimng at time t Since in these equations 

^056“* (or the rate of change is inversely pro 

portional to 6), by performing two expenments 
under like conditions of temperature, dilution, 
amount of acid, of iron, and of chlorate, except 
that to one of the solutions a known mass of a 
sulphate is added, it is easy to calculate the 
equations, y{a + 1) = 6, for each of the systems , 
and, by comparing the two values for 6, to get a 
measure of the retarding action of the particular 
sulphate employed In other words, the time 
required to oxidise the iron from y' to y" is pro 
poi^ional to 5, and if this time for the blank 
experiment be taken as 100 minutes, the value 

of (wherfti?4»^ corresponds to the blank 


and b' to the retarded -experiment) gives the 
number of minutes required to perform the 
same amount of oxidation in the presence of 
the added Sulphate The annexed table con 
tains the results obtained by Hood (P M [6] 13, 
419) in studying the retardation of various 
sulphates in the above manner , the temperature 
being 21®C in each experiment 


The numbers show that the retardation 
occasioned by the presence of a chenucally 
mactive salt m the system employed is pro 
portional to the mass of the salt added, and 
that some salts of analogous character produce 
for equal masses the same retardmg effect 
Thus the potassium, sodium, and ammomum 
sulphates each produce a retardation of about 10 
p c per gram, and the two alums about 6 p c 
per gram The differences m the effects of 
magnesium and zinc sulphates are, however, too 
great to allow of their being classed together 
as analogous salts from a dynamical point of 
view with reference to this particular case of 
retardation 

Considermg the alkah sulphates and the 
alums, it IB clear that, smce equal masses of the 
several members of each gioup produce the 
same effect, the retardation produced by a mole 
oole of one of the salts is proportional to its 


Weight 

salt 

1 K^O. 



1006' 

h 

Per 

cent. 

retAf 

dation 

fori 

gram 

lOOV 

b 

Per 
cent 
retar 
dation 
for 1 
gram 

1006' 

6 

Per 
cent, 
retar- 
dation 
for 1 
gram 

3 grams 

8 

4 „ 

8 „ 

6 » 

8 „ 

10 n 

120*3 
130 8 
143 1 
153 4 
1671 
196 8 
2217 

101 

10 2 

10 8 
10 7 
112 
119 

12 8 

120 6 
1316 
143 3 
1619 
166 6 
190 B 
312 4 

10*8 

10*6 

10*8 

104 

111 

118 

112 

120*8 
182 4 
146 8 
164 9 
166 3 
198 8 
318*9 

10 4 

10 8 
118 

10 9 
11*0 
11-S 
114 


KAl(SO,), 

1 (NHJAICSO^), 

Weight 



Per cent 



Per cent. 

salt 

1006 


retarda- 

lOOV 

retarda- 

b 


tlon for 

b 


tion for 




1 gram 



1 gram 

2 grams 

112 2 


6 1 

1118 


69 

8 „ 

118 1 


60 

118 3 


61 

4 .. 

124 7 


62 

124 4 


6 1 

8 „ 

129 6 


6 9 

129 7 


6 9 

« » 

138 1 


63 

137 4 


63 

8 „ 

146 2 


6 8 

144 5 


6 6 

10 „ 

156 2 


56 

1631 


68 


MgSO* 


ZnSO^ 


Weight 



Per cent 



Per cent 

01 

1006' 

retarda 

1006' 

retarda 

salt 

b 


tion for 

6 

_ 

tion for 




1 gram 



1 gram 

2 grams 

114 8 


74 

110 1 


60 

8 „ 

123 6 


78 

115 



60 

4 „ . 

128 4 


71 

117 6 


44 

8 „ 

134 



68 

123 



4 6 

6 „ 

140 9 


68 

127 



45 

8 „ 

150 9 


64 

132 7 


4 1 

10 „ 

161 1 


6 1 

138 4 


88 


mass , in other words, the greater the mass of a 
molecule the more it retards the rate of the 
chemical change 

Judging by these facts, it would seem not 
improbable that chemical bodies might be 
classified on a dynamical basis as regards their 
retardation effects With this aim, Hood {P M 
[6] 20, 444) has continued these experiments 
m relationoto soluble chlorides, but the anoma 
lous results obtamed do not justify the assump 
tion started with The results show that the 
sulphates of the alkah metals in the oxidation 
of ferrous chloride by KCIO, produce an equal 
retarding effect, about 17 p c per gram, but that 
MgSO^, ZnS04, and 0dS04 (although usually 
classed together from a statical pomt of view) 
differ greatly in their retardation effects , the 
results for the first two sulphates are m about 
the same ratio as m previous expenments with 
ferrous sulphate instead of ferrous ohlonde 
Expenments with MgS04 showed that these 
‘ retardation coefficients ’ vary slightly with m- 
crease of temperature 

An exammation of the effects of ohlondes on 
this reaction showed strikingly anomalous re- 
sults , no two chlondes gave the same retarda- 
tion effect Sodic chlonde practically produced 
no effect on the speed of the oxidation, while 
zme, magnesium, and cadmium chlondes pro- 
duced an acceleration It seems difficult to 
reconcile these results with a theory that should 
account for the action of a chenucally mactive 
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flalt In ft system undergoing change on the basis 
of molecTuar mterferenoe with the movements 
of tiie (dianging constituents of the system It 
may be, however, that the presence of such 
extraneous bodies mduces secondary reactions 
m the system which occasion either an accelera- 
tion or a retardation of the prmcipal change 
Ikflubhcb of Heat — The study of the m- 
fluence exerted by heat on chemical changes, as 
illustrated by the phenomena of dissociation, 
and by such phenomena as occur when phos 
phorus or sulphur are heated, forms an im 
portant factor in the vast problem of chemical 
action Startmg with the fundamental notions, 
that heat is a form of energy, and that all 
external matenal phenomena comprise two 
factors, matter and motion, which it is the aim 
of chemistry to investigate, with the molecular 
theory of the constitution of matter for a basis, 
it IS evident that the relations between the 
action of heat and chemical change will be most 
advantageously studied by examming m what way 
the rates and the limits of chemical changes, 
occurrmg m homogeneous systems, are affected 
by heat, and by determinmg the influence 
exerted on such changes by extraneous bodies 
What IS already known regarding the m 
fluenoe of heat m bnnging about chemical com 
binations and decompositions would seem to 
indicate that such action is of a twofold cha- 
racter, more particularly m systems possessing 
free mobility either in the gaseous or liquid 
states , for, besides accelerating the motions of 
translation of the molecules of the system, and 
so multiplymg the chances of collision m a 
given time, and consequently increasing the 
rate at which the change takes place, the action 
of heat also swcelerates the rate of change by 
diminishing the stabilities of the reacting mole 
cules, and thus increasing their tendency to 
undergo change Thus, representing the mole 
cules of gaseous iodine and hydrogen respectively 
as I3 and Hj, the amount of HI produced m 
umt time at a given temperature, by the mutual 
action of and Ij, will depend upon the num- 
ber of molecular colhaions, the velocities of 
translation of the molecules (or the temperature 
of the gas), as well as upon the f'^cility with 
which the molecules become separated into 2H 
and 21 It is easy to understand in this way 
why there are definite limits of temperature 
witmn which chemical changes take place , and 
how some reactions which occur veiy rapidly 
at one temperature may be prevented by sufiB 
ciently coohng the reactmg bodies 

Although as a general rule the action of heat 
is such as to mduce chemical combination at 
moderately low temperatures and decomposition 
at higher temperatures, instances are known of 
bodies bemg more stable, under certain condi 
tions, at high, ^an at low temperatures Troost 
and Hautefeuille (C B 78, 443 , 84, 946) have 
shown that by passmg S1CI4 over strongly heated 
sihoon the latter is volatihsed and is agam con 
densed on the cooler parts of the tube This 
apparent volatilisation of silicon was found to be 
brought about by the formation of Si^Gl,, at the 
higher temperature, and decomposition of this 
compound mto the ongmal bodies at a lower 
temperature (2Si,CIL = 8SiCl4 + Si) The com 
paratively ocmplex body 61, Gl, is thus resolved 


by dimmishmg the temperature mto the com 
paratively simpler bodies S1GI4 and Si. 

A somewhat analogous reaction is asserted to 
occur by Ditte with SeH, (0 B 74. 980) This 
chemist says that if selemon is heated with hy- 
drogen m a closed vessel, the amount of SeH, 
formed increases with morease of temperature up 
to 520°, but that any further morease m the 
temperature is aocompamed by a decrease m the 
amount of SeHj formed If two tubes are heated 
under like circumstances until the r mount of 
SeHj formed is constaift, and one of them is then 
cooled rapidly while the other iS allowed to 
return gradually to the lower temperature, T)itte 
says that the second tube contains less SeH, than 
the first, and so much less as the coohng has 
been slower On the other hsind, SeHj submitted 
to the action of heat s ffers sensible decomposi 
tion even at 150° , above 270° the am'^unt of de- 
composition gradually decreases until it reaches a 
mmimum at 620°, after which t^e decomposition 
continuously increases as temperature rises 

Chemical systems which are limited by reason 
of inverse actions may be represented m terms of 

their rates by the equations -= /(0)\l/(jiB}, and 
at 

=^f{d)rf/(cD), m which the acceleratmg influ 

ence of temperature is expressed by the functions 
f{d} &ndf{6), and the absolute rat^ by the differ 

ence, or ^ =*/(^)'|'(ab)-/( 0 )'|'(cd) When equi 

libnum is attamed, or no further change takes 
place, /(0)»f (a'b') = 0 , a', b', c', d', 

bemg the quantities of active substances that can 
exist together in stable equilibrium at tempera 
ture 8° If the temperature functions be the 
same in both cases, then /(0){»f/(AV) — i^(cV)| t=0, 
or t|/(A'B') =\f^(c'D'), or the limits are independent 
of temperature This would seem to be true 
between certam hmits for th^ simpler etherifica 
tion processes, as Berthefot and Saint Gilles’ 
experiments have sh<wn Menschutkm, how 
ever, has exammed certam limited reactions 
which show a marked variation m the limits 
with temperature, and seem to indicate that the 
ratio of /(0) to f{6) is not constant 

From a study of certam reactions which are 
not affected by limiting conditions, and of other 
reactions which are so limited, attempts have 
been made to determine the acceleratmg action 
of heat, that is to say, to determme the form of 
the temperature function f{9) m the equation 

Hood (P M [6] 6, 871), from experiments on 
the rate of oxidation of ferrous sulphate solution 
by KClOg, considered that /(0)a 8*, or that the 
rate of oxidation varied as the second power of 
the temperature , but the experiments were not 
sufficiently numerous to place this conclusion 
beyond doubt 

Warder {Am [3] 203) studied the mfiuenoe 
of heat on the rate of the action 
0 AO 0 AO + NaHO - NaC AO3 + 0 AHO, 
m dilute aqueous solutions, the temperature 
limits being 8 6° and 87 7° The results obtamed 
agreed well with the formula (7 6 a) (62 6° — f) -» 
521 4 , t bemg temperature, and a the number of 
gram equivalents per htre which would (accord 
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lug to the theory of mass) react upon each other 
^r minute m a solution kept of normal strength 
The formula could be written as a = A + 
mdicatmg the rate to vary nearly as the square of 
the temperature Mensdiatkm {J pr [2J 29, 487) 
employed three somewhat analogous reactions 
for the study of this subject , (1) formation of 
ethyho acetate from acetic acid and ethyho 
alcohol, (2) formation of acetamhde from acetic 
acid and anihne, (3) formation of acetamide 
from acetic acid and ammoma Molecular quan- 
tities of th^matenals were heated for one hour 
at different temperatures, and the amounts of 
ethtr, anihde, and acetamide formed were deter 
mined, and taken as measures of the speeds The 
following are his results — 


Temp 

Ether 

xbrmed 

Temp 

Anihde 

formed 

Temp 

Aoeta 

ralde 

formed 

90 

7 60 

82® 

6 08 

100® 

0 

102 

13 60 

^0 

8 60 

110 

127 

112 

19 02 

102 

14 69 

121 

4 41 

122 

24 78 

112 

21 61 

130 

9 02 

132 

82 60 1 

122 

30 71 

140 

21 36 

142 

40 65 

132 

89 91 

160 

36 96 

1^ 

46 82 

142 

47 66 

162 

40 66 

ife 

62 99 

152 

65 49 

155 

60 90 

172 

67 45 

162 

61 57 

160 

68 67 

182 5 

60 99 

172 

66 39 

172 

72 33 

212 6 

63 98 

182 5 

68 87 

182 5 

78 31 



212 6 

72 19 

212 6 

82 83 


These numbers all agree m this respect, that 
the differences in the amounts of action during 
one hour, for equal differences of temperature, 
gradually increase, pass through a maximum at 
a definite temperature, and then decrease As 
regards the general inferences that might be 
drawn from these expenments relative to the 
connection betw«^ action of heat and rate of 
change, it must be remembered that the re 
actions labour under th^ disadvantage of bemg 
cases of only limited action, and that the pro 
ducts of the change no doubt retard the prin 
cipal reactioh, and tend to complicate matters 
Besides this, the method of allowing the change 
to proceed m each case for the same interval of 
time 18 objectionable, for at the higher tempera 
tures the amounts of the products formed before 
the expiration of one hour are so very much 
greater than the amounts formed at the lower 
temperature that their presence must exercise a 
considerable retarding influence on the further 
progress of the reaction up to the time limit 
Unhke some of the etherification processes 
the limits of formation of acetanilide and acet 
amide are influenced very considerably by heat, 
as the following numbers show — 


AoetajD. tilde 

Acetamide 

Temp 

Limit 

Temp 

Limit 

100° 

80K)6 

125° 

76 10 

125 

8311 


78 18 

186 

82 89 

165 

81 46 

146 

8122 

182 5 

62 82 

165 

79 68 

212 5 


182 6 

78 86 



ms 

77 76 




In order to determine the temperature- 
function mfluenomg the rate of a chemical 
change, Hood (P AT [5] 20, 323) has again 
studied the oxidation of ferrous sulphate solu- 
tion by potassio chlorate This reactioh is 
well adapted for work of the kind, as it is com 
pletely under control, and can be rendered as quick 
or as slow as may be desired by altering such 
conditions as dilution, temperature, amount of 
free acid, &o The progress of the oxidation can 
also be followed with the greatest precision by 
means of permanganate 

Each experimental solution consisted of 5637 
gram of iron as ferrous sulphate, and 3 099 
grams of free HaSO^, made up to a volume of 
250 0 0 To this solution 10 c c of a solution of 
KCIO, were added, equal to 2067 gram, bemg 
the oxidismg equiv^ent of the iron From such 
a solution, maintamed at a constant temperature, 
10 0^ were withdrawn at mdefimte intervals of 
time, and titrated by permanganate, and from 
several such observations the constants m the 
equation y{a + t)^h were calculated , y bemg c c 
of permanganate, and t being time in mmutes 
Smce h is inversely proportional to the rate 

of change, or ^ = — hf{&)y'^^ by compar 

ing the values of h obtamed from a series of ex 
periments m which everything remams the same 
except the temperature, a measure is obtamed 
of the mfluence of heat on the rate of the oxida 
tion, and consequently a means of findmg the 
probable nature of the temperature function f {d) 
The followmg table contains the results of 
Hood’s expenments , the values for a and 6 for 
the equation y{a^t)^h being the means of 
several experiments — 


Temp C 

a 

b 

Ratio 

10° 

330 8 

3327 8 


11 

301 6 

3025 

1100 

12 

274 7 

2752 9 

1098 

13 

260 

2503 

1099 

14 

227 5 

2282 7 

1096 


206 6 

2055 7 

1 110 

16 * 

194 3 

1920 8 

1070 

17 

174 2 

1733 

1109 

18 

159 

1577 4 

1098 

19 

1471 

1462 6 

1086 

20 

134 4 

1325 4 

1096 

21 

124 

1216 8 

1089 

22 

114 9 

1123 

1083 

23 

102 6 

1002 3 

1 120 

24 

94 8 

! 924 6 

1084 

25 

89 9 

869 

1064 

28 

68 6 

664 8 

1099 

80 

68 7 

6612 

1090 

32 

50 8 

465 3 

1088 



Mean 

1008 


From the numbers under 


6n 

5n*.i 


it appears 


that this ratio has as nearly as possible a con 
stant value, the mean of all the expenments 
bemg 1 093 it would seem, therefore, that for 
this reaction at least the temperature frmction 
has an exponential form, and thJt the rate of 
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ohange may be wntfcen-^ « ~/ia* y\ B being the 
at 

temperature Caloulatmg the rates of oxidation 
on this assumption, or p = /u(l 09^)^ where p is 
rate and B temperature, and comparing them 
with the rates found by experiment from the 

values of b, or the rate at 10*^0 being taken 

Oi 

aa umty, the following numbers are obtained — 


Temp 0. 

Bate of 1 

oxidation 

Calculated rate 
of oxidation 

10° 

100 


11 

110 

109 

12 

121 

119 

13 

183 

181 

14 

146 

143 

15 

162 

156 

16 

173 

170 

17 

192 

186 

18 

211 

2 04 

19 

2 29 

2 23 

20 

2 51 

2 43 

21 

2 73 

2 66 

22 

2 96 

2 91 

23 

8 32 

8 18 

24 

8 59 

3 47 

25 

3 83 

3 80 

28 

6 08 

4 96 

80 ' 

6 04 

6 92 

32 

716 

7 07 


Investigations of many reactions must be 
made before it can be determined how far it may 
be true in general that the rate of a chemical 
change increases in geometrical progression as 
the temperature vanes arithmetically Lemoine 
{Etudes sur les J^quilibres chtmiques, 178) has 
expressed the opinion that the temperature 
function IB of an exponential form , and this he 
considers to bo correlative with the nature of the 
internal movements which constitute the tem- 
perature of a body 

Influence of Lioht — A survey of the prm 
cipal facts that are known relating to the mflu 
ence of light on chenucal changes, or in 
producing such changes, would seem to indicate 
the possibihty of classifying these chemical 
changes mto (1) such as are only induced by the 
action of Ught, or light and heat combmed, and 
(2) reactions which, takmg place under ordinary 
conditions m darkness, are accelerated by the 
action of light To the first class of actions 
belong pa/r excellence the photographic processes 
(of which unfortunately so httle is known), and 
such reactions as the oombmation of H with 01, 
the dissociation of HI, or the reduction of feme 
oxalate solution From the experiments of 
Amato it woul(i seem tha tsome of these typical 
changes produced by hght can only take place 
above a oertam limit of temperature, indicating 
that heat as well as hght is necessary To the 
second class probably a mat many, if not all, of 
the ohemicai changes that have been studied 
with reference to their rates, limits, <feo , will be 
found to belong when they have b€«n exammed 
In this i^espect, but as yet httle or nothing has 
been done As an instance of the latter class of 
reactions may be cited the oxidation of oxaho 


acid by potassio permanganate Harcourt and 
Esson {T 156, 194) observed that the rate of this 
oxidation (which under ordmary conditions is 
moderately qmck) is greatly accelerated m direct 
Bunhght, the amount of thic acceleration was 
not, however, determmed 

Hydriodic acid exposed to sunhght for one 
month at ordmary temperatures is decomposed 
to the extent of 80 p o , but when this gas is 
heated night and day for the same length of 
time at 266° m a dark chamber, scarcely 2 p o, 
of the hydrogen is hberated 

The analogy between the chemical effects of 
light and heat is very striking both agencies 
act m such a way as to break down or simplify 
chemical structures, as well as to build up com- 
plex molecules from simuler constituents Many 
instances might be cited to exemphfy these state- 
ments , such as the disruption of HI mto free 
iodine and hydrogen, the formation of HGl and 
of COCI 2 by light , and the formation, and at a 
higher temperature thedissoc’ation, of HI, HjSe, 
HjO, and numberless other bodies, by heat 
There seems, however, to be one marked 
difference in the modes of action of heat and 
light Whereas, m those chemical changes pro- 
duced by heat which are termed dissociatjona 
or disruptions of molecular structures, a limit is 
reached depending upon the pressure and tern 
perature to which the system is subjected, in 
similar changes produced by hght there seems 
to be no limit, but the process goes on until 
complete decomposition is attained This is 
easily understood when it is remembered that 
m such reactions, under smtable conditions, 
heat tends to destroy as well as to re form the 
molecular structures , but that when light acts 
in such a way as to break down complex mole- 
cules the inverse action has not yet b^en 
observed to occur under any conditions For 
example free H and I exposed for one month to 
sunhght suffer no measurable change , but HI 
in the same interval of time is decomposed to 
the extent of 80 pc Reactions of a limited, 
and perhaps reversible, character, mduced by 
hght, analogous with the dissoc^cition pheno 
mena produced by heat, may yet be discovered 
Light rays of different refrangibihties induce 
chemical changes with greatly different in- 
tensities, and probably with different effects 
Lemoine (G B 93, 614) has shown that HI is 
decomposed with facility m vessels made of 
blue glass, but is very slowly changed in red 
glass vessels For those bodies which heat 
alone decomposes at low temperatures, the 
extreme red of the spectrum appears much less 
efficacious than the extreme violet In the 
cases of bodies which are stable at high tem- 
peratures, if the time of action be long enough, 
the red rays ultimately produce the same result 
as the violet Chastaing {A Ch [6] 11, 145) 
concludes that it is not necessary that white 
light should act more energetically m a given 
way than any particular pSfrt of the solar 
spectrum, for it is possible that some rays pro- 
duce the inverse action of others The chemical 
action of the solar spectrum on binary metalloid 
and metalhc compounds ought, he thinks, to be 
represented by two curves, one reducing on the 
side of the violet, the other of an oxidising 
character on the red side of the spectrum, and. 
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be says, there probably exists a point where 
photoohemioal action is nil or equal to that 
which takes place in darkness 

An elaborate study of the influence of hght 
in producing chemical changes was made by 
Bunsen and Bosoue m 1857 , some of the facts 
which their investigations brought out are of a 
highly important character Draper in 1848 
had observed that the action of light on a 
mixture of H and Cl does not begin to show 
itself instantaneously, and he concluded that 
the firs? action of hght was to bnng about a 
change m»the 01, probably producing an alio 
tr^io modification, before combmation could 
talfe place between it and hydrogen Bunsen 
and ;^sooe made this observation by Draper 
the subject of many experiments and measure- 
ments They considei'ed that whatever may be 
thd cause of the resistalnce to combination w^ch 
the gaseous mixture shows for some little time 
after submitting it to the action of a constant 
source of hght. Draper’s assumption is not 
borne out by facta. 

The following measurements exemplify this 
resistance effect as obtained by these chemists 
With a constant source of hght {T 147, 363) — 


'iime in mins 

Observation 

Action during 1 
min 

0 1 

100 


1 

100 5 

5 

2 

102 1 

16 

3 

102 6 

6 

4 

103 2 

6 

6 

105 3 

21 

6 

119 9 

14 6 

7 

139 1 

19 2 

8 

170 2 

311 

9 

200 6 

80 4 


These numbers show that about 8 mins 
exposure is res^dired before the rate of combi 
nation reaches a constant maximum It was 
found that the time that elapses, from the first 
insolation until the first trace of photochemical 
mduction becomes visible, and until the maxi 
mum action is attained, vanes much according 
to the experimental conditions It was also 
found that the resistance to combmation, once 
overcome by the influence of hght, is soon 
restored when the gaseous mixture is allowed to 
stand in darkness, but that the increase of the 
mduction from exposure to hght takes place 
much more rapidly than the diminution of the 
same on darkening The presence of a foreign 
gas, or of excess of 01 or H, mfluences the 
mduction effect in a remarkable manner Thus 
the maximum of the induction of a normal 
mixture was reduced from 100 to 87 8 by the 
presence of of hydrogen, and m the presence 
1305 13^ oxygen it diminished from 

100 to 9 7 and 2 7 respectively, and for of 
Cl from 100 to 60 2 By msolatmg the gases 
separately no appreciable effect was produced 
on the mduction effect when the gases were 
afterwards mixed 

It IS mterestmg to note that if this prelimi- 
nary resistance to undergo change is a umversal 
law m such actions as are brought about bj 
tight m bodies m the hquid or solid state, it 


would evidently place a limit to so called instaa« 
taneous photography 

Marohand (A Ch [4] 80, 802) has stndied the 
influence of hgnt on a mixture of oxahe acid and 
feme chloride m aqueous solution Such a solu- 
tion placed m darimeBS suffers no change, but 
when exposed to hght it evolves 00, with the 
reduction of the feme chloride Heat alone has 
no visible effect on the mixture even at a boiling 
temperature, but if ihe solution is exposed to solar 
radiations and is then heated, decomposition takes 
place with explosive violence Of the different 
parts of the spectrum, the blue rays exercise the 
most energetic action, even more so thiin the 
violet rays Some highly mterestmg facts have 
been noticed by Lemoine (C R 97, 1208), bearing 
on the chemical change.s produced by hght with 
the above mixture He employed a number of thin 
vertical glass tubes, 16 mm diameter, each con- 
taimng 20 c c of a mixture of feme ebdonde and 
oxalic acid , the solutions were saturated with 
CO^, and contained equivalent quantities of the 
reacting bodies The evolved gas was collected 
over glycerine The speed of the reaction m- 
creased m proportion to the intensity of the 
light, but for equal mtensities of light the speed 
was at first approximately constant, and only 
began to slacken when the hqmd had disengaged 
half the possible quantity of gas If the two re- 
agents are exposed separately to strong sunhght 
and are then mixed, the decomposition goes on 
much more rapidly than if the mixture is ex- 
posed to light before separate insolation The 
following numbers illustrate this fact , the 
measurements, which were made after the same 
intervals of exposure, show an acceleration of 
obout ten p c m the latter case — 

Gas disengaged 

Liquids not insolated 0 24 62 64 83 93 lOO 107 

I®’ “0 

Batios 1 1 11 1 09 1 10 1 11 110 1 09 

A remarkable pomt noticed m these experi- 
ments was that the addition of water inci eased 
the rate of action of the light This anomalous 
effect may have been due to the partial decom- 
position of the ferric salt, as well as to the fact 
that the upper layers of the feme chlonde 
absorb mdeh of the light and prevent it pene- 
tratmg far mto the hquid 

Aocordmg to Amato {O 14, 67), many re- 
actions which are produced by sunlight are not 
really due to this agency Amato considers that 
hght only acts under oertam determmate con- 
ditions of temperature, and that consequently 
there are limits of temperature withm which 
hght does not act in a chemical way He found 
that a mixture of 01 and H if cooled to — 12^ 
could be exposed to the direct rays of the sun 
for hours without combmation takmg place In 
this experiment care must be taken that the 01 
IB not exposed to the sun’s rays before ooohng, 
as msolation renders chlorme capable of oom- 
binmg with hydrogen even m the dark 

Ii^uxNOB ox Pbessubb — Many subBtances 
when subjected to the influence of heat m a 
closed vessel, such for mstanoe as oalcio car- 
bonate, ammomo carbamate, or paracyanogHi, 
are decomposed or changed to an extent wQch 
IB found to be limited, for a constant^ tempera- 
ture, by tiie pressure of the r^^ting gaseORi 
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products When the pressure of the evolved 
gases has reached a definite value no further 
iteration takes place If, however, the pressure 
is maintained b^ow this limit, by allowing the 
gases to escape, complete decomposition results 
The consideration of the mfluenoe of gaseous 
pressure in such instances belongs to dissooia- 
tion ($ v ) There are, however, a few chemical 
changes ^own, other than those of dissociation, 
which occur o^y under considerable pressures, 
and others agam which are prevented, or at 
least greatly retarded, by pressure 

OaiUetet {OB 68, 896) found that, repre 
sentmg the amount of action between zmc and 
HOlAq of a definite strength under ordinary 
atmospheno pressure by 10, the action was 
reduced to 4 7 under a pressure of 60 atmo 
spheres, and under 190 atmospheres the amount 
of action m the same time was only 1 The 
amount of action between HNO, and CaCO, 
under pressures of 1 and 160 atmospheres he 
found to be as 11 09 1 

Beketoff (0 JS 48, 442) reduced solutions of 
silver nitrate and sulphate, and ammoniacal 
silver chloride, by hydrogen, under pressure — re 
actions which do not take place at atmospheno 
pressure 

By mere mechanical pressure Spnng (B 17, 
1218) caused several of the metals, such as 
copper and lead, to combme with sulphur, and 
also brought about the formation of many 
alloys 

Contact actions — Oatalysu Cyclical Ac 
Uons — Catalysis, or contact action, is the name 
given to a numerous class of chemical changes 
that are induced in certam chemical systems by 
a substance which does not itself undergo any 
permanent alteration, but which by its mere 
presence under suitable conditions brings about 
a re arrangement among the molecules of the 
bodies with which it is placed in contact The 
material which acts in this manner, without 
apparently being affected itself by the changes it 
induces, has been termed a catalytic or contact 
agent 

According to the theory of Berzehus, who 
was the first to study this class of reactions, such 
bodies are possessed of a pecuhar or 

power which he termed ‘catalytic force,’ or the 
ower to brmg about chemical changes Berze 
us assumed this cataMic force to be of the 
character of an electncal force It seems sun 
pier, however, to regard such actions as being 
merely manifestations of the same property or 
power that is exhibited by all forms of matter 
nndergomg chemical change, or the manifesta 
tion of the affinities of one kmd of matter for 
another It is reasonable to suppose that in 
every chemical system there is a tendency to 
undergo change of some defimte character, such 
for mstance as hydrogen and oxygen to umte, 
cane sugar and water to form glucose, potassic 
chlorate to give off oxygen, &o The conditions 
under which the system exists may be such that 
the affimties are m a state of stable equihbnum 
among themselves. Every system may be re- 
garded as having a weak pomt, or pomt of least 
resistance at which an alteration will most 
easily tal^ place For instance, in the reduction 
of certair metaUio oxides, the oxides are first 
reduced to low'll oxides and then to the metal , 


or, certam salts are decomposed when heated, 
but one phase of the change takes place at a 
lower temperature, or more easily, than another 
phase It would seem probable, therefore, that 
if a smtable material were mtroduoed mto a 
chemical system, it might so teact with certam 
oonstituents of the system as to upset the pre 
vious equihbnum to such an extent that what 
was before merely a tendency to undergo change 
would become an actual change, begmnmg at 
the pomt which before the mtroduction of the 
catalytic agent was the weakest pomt of the 
system The catalytic agent may be regarded 
as tending to form, with one of the constituents 
of the system, a compound too unstable to exist 
under the conditions, which compound imme 
diately breaks up, leavmg the so called catalytic 
agent in its original oond tion, free to react with 
a fresh portion of the system 

Contact action would seem to be rather an ill 
chosen term for this class of reactions, since 
all chemical combinations imply contact It 
IB also well known that maiy soluble salts if 
placed in contact with insoluble salts or pps 
adhere tenaciously to these A striking mstance 
of this kmd of contact action is exhibited by 
metastamuc acid If a small quantity of this 
powder be shaken up with a highly ferrugm^us 
solution of alummium sulphate, the feme oxide 
m solution is seized upon by the insoluble meta 
stannic acid, leavmg a solution ol alummium 
sulphate m which scarcely a trace of iron can be 
detected 

From the evidence that exists relatmg to 
what IS strictly known as catalytic action, if a 
word were necessary to distmguish this kmd of 
change from ordinary chemical reactions, cyclical 
action or cyclical change would seem to be near 
the mark 

The instances that are known among gasas 
m which the presence of a body brings about 
chemical action m an otherwise stable gaseous 
mixture seem to be explamed by assuming that 
contact action merely causes a condensation of 
the gases upon the surface of the material that 
brmgs about their umon Faraday (T 1834 66) 
found that if a plate of perfectly clean platinum 
is brought mto a mixture of hydrogen and 
oxygen, combination of the gases begins to take 
place, at first slowly, but at a gradually in 
creasmg rate, until combmation occurs with 
explosive violence This combmation was con 
sidered by Faraday to be due to the oondensa 
tion of the gases upon the metallic surface, 
whereby the molecules of oxygen and hydrogen 
were brought mto such close contact that 
chenucal umon took place The presence of 
small quantities of 00 or CSj prevents the com 
bmation of the oxygen and hydrogen by aid of 
a platmum surface, although the metal is not 
found to lose its power if afterwards plunged 
into a pure mixture of the gases Small quanti 
ties of such gases as H 2 S or HCl, however, so 
alter the platmum surface that the metal is now 
mcapable of effectmg the combination of H with 
O Other substances, such as charcoal, pumice, 
rock crystal, &c , act m a similar manner to, 
but less rapidly than, platmum Platmum also 
brings about the combination of SO, and O to 
form SO„ of NH, and 0 to form HNO» an'^ 

H3O, &Q 
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Xonowftlow (B 17, 1860, 18, 2808), when 
deteraunmg the yapoor density of tertiary 
aznylaoetate, found that dissooiation’pheno- 
mena exhibited by the vaponr of this body are 
inflnenoed in a shiking manner by the presence 
of many finely divided substances such as sihoa, 
magnesia, calcium sulphate, &o The effects 
varied with the chemical, as well as with the 
physical, characters of the substances placed 
m contact with the vapour To such a slight 
extent have these contact actions been studied 
that it seems as yet impossible to interpret them 
m the same way as those chemical actions which 
are here termed oychcal Faraday’s theory for 
the Jction of platinum m bringing about the 
union of oxygen and hydrogen by a mere con 
densation of the gases woidd seem to be the 
most reasonable explanation in the face of the 
facts'at present known 

Examples of catalytic actions are known 
among hqmds, which may be e ^.plained on the 
theory of cychciff change , such are the evolu 
tion of oxygen from- a solution of a hypochlorite 
when warmed with cobaltous or manganic 
oxide, and the decomposition of hydrogen per 
oxide by manganese dioxide, finely divided 
platmum or silver, or by oxide of silver The 
last £SLBe IS remarkable, for here oxygen is 
evolved both from the silver oxide and from the 
hydrogen peroxide , to explain this, and a 
number of analogous reactions, Brodie {T 140, 
759) assumed that atoms of the same body may 
have an attraction for each other or be m a 
state of polarisation Brodie expressed the 

reactioif of AgP with thus, HjOO + AgP = 

The change of cane sugar and water into 
glucose, and of ethereal salts and water mto 
acida and alcohols, in the presence of acids 
which themselves remain unchanged, are other 
instances of catalytic action probably of a 
cyclical character (see Affinity, pp 11 et seq ) 

If potassic chlorate is heated alone it melts at 
about d45°C and on increasing the temperature 
to about 870°O oxygen begins to be produced 
Many substances m a fine state of division when 
mixed with this salt cause an evolution of oxygen 
much below the temperature at which the ohlor 
ate decomposes when heated alone, and without 
the salt entering into a state of fusion The 
substances which facilitate this decomposition 
do not themselves appear to undergo any chemi- 
cal change It is probable that the theory pro- 
pounded by Mercer {B A 1842 32) to explam 
analogous chemical changes is the true one, viz 
that the material which facilitates the decompo- 
sitiou has a tendency to pass mto a higher state 
of oxidation, and that an unstable compound is 
formed, but is decomposed at the temperature of 
the experiment On this hypothesis the potas 
Slum chlorate is regarded as being decomposed at 
the lower temperature by the double effect of 
heat and the affimty of the contact substance — 
as MnOj — for the oxygen of the chlorate Heated 
by itself, potassium chlorate passes through an 
intermediate stage m its decomposition with 
the formation of perchlorate , this mtermediate 
stage IS represented according to some chemists 
by t^e equation 2KC10s =» KOIO 4 + KOI + Oj, but 
it appears to be more correctly expressed by the 


ra 

equation 10 i:piQ|ri 6 K 0104 ’f 4KGi,<f 80, {^9^ 
0 N 62, 248) If, however, manganese dioxide 
is heated with the chlorate, no tietehlov«|ei Ic 
formed , this fact may be explained and used ae 
an argument m favour of Mercer’s view, sup^ 
posing that KOlO, when decomposed by itsel] 
forms EGl and 0„ and that the nascent ozone 
oxidises a second molecule of chlorate to per 
chlorate, whereas m the presence of MnO, a 
higher but very unstable oxide of manganese 
IS formed, and is almost simultaneously decom 
posed The oxides which most markedly facilitate 
the decomposition of potassium chlorate are as a 
rule those the metals of which form several 
oxides It IS a well known fact that the oxygen 
prepared from KCIO,, either by heating the salt 
alone or mixed with MnO^, liberates lodme from 
an alkaline iodide , this is usually considered to 
be due to a trace of free chlorme , it may, how- 
ever, be occasioned by a httle ozone that escapes 
decomposition by the MnOj or the KCIO, 

Contact chemical action, whatever be its true 
cause, plays a highly important part m several 
industrial opeiations, as the inversion of cane 
sugar, the conversion of starchy matters into 
glucose, the decolorisation of sugar solutions by 
charcoal, and probably in the purification of 
waters by filtration through porous media For- 
merly the great industrial processes of fermenta 
tion in the formation of aloohoho liquors were 
referred to this cause, but it seems now certain 
that such changes are phenomena connected 
with orgamo life and not with those of unorgan 
ised matter 

(For a theoretical consideration of catalysis 
see Mendel 6 eff, B 19, 466 ) 

A consideration of the facts that are known 
relating to chemical change shows that in the 
study of the subject not only must the kind or 
quahty, and the mass, of the reacting matter, be 
taken mto account, but attention must also be 
given to the mtrmsio forces that come mto play, 
as well as to the notion of molecular or atomic 
motions It 18 not at present so much the 
relative values of these forces that one desires to 
know, m whatever way they may be measured, 
as the circumstances under which the forces act, 
or are modmed m their action It has been seen 
that all atomic structures are possessed of rela 
tive degrees of stabihty, as is shown when sub- 
mitted to the action of physical agencies, or 
when they play an active part in chemical sys 
terns, this stabihty being due to the mteraotion 
of the affimties holdmg the structure together 
These forces or affinities offer different degrees of 
resistance to the action of different agencies, and 
it would seem to be only by the study of such 
influences that a rational conception of 
nature of chemical action will be arrived at 

That the ultimate constituents of matter — 
the atoms or molecules— are m contmual motion, 
the mterdiffusion of gases, and of salts m solu- 
tion, seems to prove, and the fact that, m a 
chemical system undergomg change, such change 
IS more or less gradual, taking fractions of 
seconds or whole years to be acoomphshed, seenu 
to offer conclusive proof that the atomic conzti- 
tnents are in a continual motion of interdiff usicnt. 
But whether or not the change gomg pn in a 
chemical system is brought abou^ by simpla 
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qo^io&s am^ the mpnn^g mekcules cannot upon some partionlar dynamloal properties 
be'dsserted For instance, anhy(m>iis'aloohol and wmoh should include not omj the conception of 
Metie acid, whei^ piixed m eqmyal^t proportions mass but also the conceptions of time and work , 
r^t upon each other at ordinary temperatures it is evident, however, that the difficoltj lies in 
(With extreme slowness , in faot^ it takes months the kind of phenomena to be observed and 
to accomphsh what at 100° requires only measured Mills (P M [5] 1) has propounded 
mmutes, and yet it is highly probable that very certam ideas relating to chemical phenomena, 
many more collisions occur between the alcohol making motion the basis of the science , and he 
and the acid molecules than the rate of change oonsiders that chemical substances should be 
would lead us to conclude It may be that in valued not for what they arc conceived as being, 
these and similar oases the molecules of the but for what they are capable of doing Doubt 
two constituents of the system must be movmg less, however, the bemg as well as uhe doing 
with a defimte velocity if chemical action is to must be considered together Th3 masses of 
occur But the kinetic theory of gases teaches various bodies necessary for the performance of 
that in a space of uniform temperature some unit of work Mills terms the dynamic equiva 
molecules have high and others low velocities, lents, or the ‘ bergmanmcs,’ of the respective 
and that the ratio between the numbers of mole bodies , these may vary according to the sort of 
cules having high and those having low veloci doing, or work, the several substances are em 
ties varies with the temperature , consequently ployed to effect , such as the power of various 
the chemical change which occurs may be but acids to invert sugar, or to decompose ethereal 
a process of selection among the molecules salts, the precipitability of salts, the coefficients 
according to the velocities they possess, those of diffusion, &c , Ac For many valuable deter 
with velocities below a certain limit collidmg, but mmations of dynamical effects of substances in 
not reactmg chemically with, each other mducing or accelerating chemical changes, see 

As chemical reactions are generally formu the work of Ostwald For a full account of this 
lated, the phenomena of change are for the most work v the article Affinity (In connexion 
part at present viewed only m the light of the with this article, v the articles Affinity , 
distribution of certain masses of matter of Allotropy , Chemical and physical propehtieb 
various kinds, and no cognisance is taken of the of bodies, connexions between , Combination, 
changes m the energies of the systems as these chemical , Dissocution , Equilibrium, chbmi 
pass from the initial to the final states In the cal , Isomerism ) 
blank that is at present occupied by the sign ‘ =■ ’ 

he all the real phenomena of the science of Additional References 

matter Attempts have been made to fill up 

this blank by the investigation and measurement Essai de Micanmue ch/imique, Berthelot 
of the heat disturbances that arise when a J^tudes de Dynamique chitn/ique, Van ’t Hoff 
chemical system passes from the state repre Etudes sur les ilquilihres ch/iim(iues, Lemoine 
sented by one side of the equation to that repre (a very full work on the subject) Modemen 
sented by the other side By virtue of the Theonen der Chemie, Meyer Principles of 
inherent forces or affimties, as well as by the Chemistry, Pattison Muir Lehrhuch der aUge 
particular motions of the ultimate particles or meinen Chemie, Ostwald Chemical Action, 
atoms of matter, all substances may be looked Gladstone [T 1855) Chemical Equilibrium, 
upon as possessing a certain definite amount of Gibbs {Trans Connecticut Academy of Arts 
energy, potential as well as kmetical, and con and Sciences, 1875 ''878) Chemical Change 
sequently as capable of performing a definite determined optically, Jellett {Trans R Irish 
amount of work The tendency of the oonstitu Acad , vol xxv ) Speed of Inversion of Cane 
ents of a system is mvariably towards a state Sugar, Influence of Acids, Heat, ^c , TJrech {B 
the attainment of which involves a degradation 16, 2457 , 16, 762, 2825 , 17, 495, 1539) , also 
of energy , m other words the total energy of the Ostwald {J pr vols 29 and 31) and Fleury {C R 
system tends to fall from a higher to a lower 1876) Influence of Pressure on Combustion, 
level (For the general mferences that have been Frai^land {T 1861) Speed of Substitution of 
drawn from the study of thermal phenomena Bromine vn the Patty Acids, Hell and Urecn 
bearmg on the applications of the laws of energy {B 18, 681) S^ed of Absorption of Oases, 
to chemical change reference must be made to Heurter {Momt Scientifique, 1878) , also Hood 
the section on thermal phenomena of the article (P M 1884) Action of Oxides on Carbonates, 
Physical methods used in chemistry ) Mallard {A Ch 1879) , also Mills {C J 1879, 

It 18 much to be desired that a classification 1881, and 1882) Chemical Changes in Oases 
of the elements, or, what seems more possible, (Mathematical Theory), J J Thomson (P M 
€i their compounds, should be attempted, based [6] xviu ) J. J. H 
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